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RESUMO 
 

As metaloproteinases são enzimas capazes de degradar o colágeno exposto na 
interface dentina/resina provocando sérios danos à manutenção da integridade da 
interface adesiva. Este estudo está dividido em três capítulos, cujos objetivos foram: 
1) Avaliar o efeito da desmineralização através de diferentes ácidos na ativação de 
MMP-2 em dentina humana (Capítulo 1); 2) Avaliar o efeito de um sistema adesivo 
de passo único na ativação de MMP-2 e -9 dentinária usando zimografia in situ e 
teste de atividade enzimática; 3) Avaliar a capacidade do agente de ligação cruzada 
1-etil-3-(3-dimetilaminopropril) carbodiamida (EDC) na inibição da atividade das 
MMPs em dentina (Capítulo 3). Como abordagens metodológicas foram realizados 3 
estudos in vitro com avaliação enzimática em dentina humana. Proteína dentinária 
foi extraída após desmineralização com os ácidos fosfórico a 1% e a 10% e cítrico a 
10% por 1, 5 e 10 min, e submetida a zimografia gelatinosa e teste de análise 
enzimática especifica, para a avaliação da atividade de MMP-2 (Capítulo 1). Dentina 
em pó/blocos foi tratada com o adesivo de passo único Adper Easy Bond (3M ESPE) 
e a atividade de MMP-2 e -9 foi avaliada através de zimografia in situ e quantificada 
através do ELISA (Capítulo 2). Dentina em pó/blocos foi tratada com os sistemas 
adesivos Optibond FL ou Scotchbond 1XT com ou sem tratamento prévio com EDC. 
A atividade enzimática foi analisada através de zimografia gelatinosa e in situ 
(Capítulo 3). A atividade de MMP-2 esteve presente em todos os grupos testados e 
aumentou após desmineralização com ácido fosfórico 10% e ácido cítrico 10% 
(Capítulo 1). Após tratamento com o adesivo de passo único, houve aumento da 
atividade enzimática dentinária. A análise in situ mostrou que a ação das MMPs está 
associada ao colágeno exposto e não protegido pelos monômeros adesivos 
(Capítulo 2).  Zimograma revelou um aumento na expressão de MMP-2 e -9 após a 
exposição aos sistemas adesivos, enquanto o uso de EDC 0.3M como pré-
tratamento, inativou as gelatinases dentinárias (Capítulo 3). Pode-se concluir que 
tanto soluções ácidas (Capítulo 1), quanto os adesivos autocondicionantes são 
capazes de ativar as MMPs dentinárias (Capítulo 2) e que algumas substâncias, 
como o agente de ligação cruzada EDC, são capazes de inibir a ativação destas 
enzimas (Capítulo 3).  
 

 
Palavras-chave: Ácido cítrico; Adesivos dentinários; Colágeno; Dentina.  

  

 
 
 
 

 



	  

ABSTRACT 
 

MMPs are enzymes that can degrade exposed collagen in dentin/resin interface 
causing serious damage to maintaining the integrity of the adhesive interface. The 
present study is divided in three chapters, whose aims: 1) To evaluate the effect of 
demineralization by different acid solutions in MMP-2 activation on human dentin 
(Chapter 1); 2) To evaluate the effect of a one-step adhesive system on dentinal 
MMP-2 and -9 activation using in situ zymography and an enzymatic activity assay 
(Chapter 2); and 3) To evaluate the ability of MMPs inhibition by 1-ethyl-3-(3-
dimethylaminopropryl) carbodiimide (EDC) EDC cross-linker on dentin (Chapter 3). 
As for the methodology approaches, 3 in vitro studies were performed to evaluate 
enzymatic expression of human dentin. Dentin protein was extracted after 
demineralization by 1% phosphoric acid, 10% phosphoric acid and 10% citric acid for 
1, 5 and 10 minutes, and subjected to gelatin zymographic and activity assay 
(Chapter 1). Dentin powder/slabs were treated with one-step adhesive Adper Easy 
Bond (3M ESPE) and MMP-2 and -9 activities were evaluated using in situ 
zymography and quantified by means of an specific enzymatic assay (Chapter 2). 
Dentin powder/slabs were treated with one of those adhesive systems: Optibond FL 
or Scotchbond 1XT with or without pre-treatment using EDC. The enzymatic activity 
was analyzed using gelatin zymography and in situ zymography (Chapter 3). MMP-2 
activity was present in all tested groups and increased after demineralization by 10% 
phosphoric acid and 10% citric acid (Chapter 1). After treated with one-step 
adhesive, enzymatic activity increased. In situ evaluation showed that MMPs action 
is associated with the exposed and unprotected collagen promoted by adhesive 
monomers (Chapter 2). Zymograms revealed increased expression of dentin 
endogenous MMP-2 and -9 after adhesives systems application, while the use of 
0.3M EDC as a primer, inactivated dentin gelatinizes (Chapter 3). It can be 
concluded that both acid solutions (Chapter 1) and self-etch adhesives (Chapter 2) 
are able to activate dentin MMPs and that solutions like EDC cross-linker can inhibit 
the activation of those enzymes (Chapter 3).  

 

 

Key words:  Citric acid; Collagen; Dentin; Dentin-Bonding agents.  
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Introdução  

1- INTRODUÇÃO GERAL  

 

A união à dentina está fundamentada no mecanismo de hibridização que 

envolve a capacidade de difusão dos monômeros resinosos na matriz de colágeno 

desmineralizada (Nakabayashi et al., 1982). No entanto, esses monômeros não são 

capazes de penetrar e preencher completamente a dentina desmineralizada 

(Hashimoto et al., 2003; Carvalho et al., 2005; Chiaraputt et al., 2011; Hass et al., 

2012), deixando a matriz orgânica dentinária exposta e susceptível à degradação 

(Sano et al., 1999; Hashimoto et al., 2003).  

As evidências científicas permitem especular que o comprometimento da 

interface de união dentina/compósito é provavelmente o resultado de um efeito 

combinado da degradação de seus componentes resinosos, que gradualmente 

absorvem água tornando-se cada vez mais permeáveis e susceptíveis à eluição 

(Malacarne et al., 2006; Reis et al., 2007) e da degradação da matriz dentinária 

exposta pelo condicionamento ácido e não protegida pela resina adesiva (Hashimoto 

et al., 2003; Pashley et al., 2004). A hipótese de que a desestruturação do colágeno 

constituinte da camada híbrida possa ocorrer em função de um mecanismo 

proteolítico endógeno vem sendo paulatinamente verificada por estudos conduzidos 

em condições in vitro e in vivo (Pashley et al., 2004; Hebling et al., 2005; Armstrong 

et al., 2006; Mazzoni et al., 2006; Nishitani et al., 2006; Carrilho et al., 2007a,b) que 

atestam a presença de atividade colagenolítica intrínseca na dentina (Tjäderhane et 

al., 1998; Sulkala et al., 2002, 2007). 

Na estrutura dental, a participação das metaloproteinases de matriz 

(MMPs) na degradação da matriz orgânica dentinária passou a ser fortemente 

considerada quando, em 2004, Pashley e colaboradores, mostraram que a 

desestruturação do colágeno exposto e parcialmente infiltrado pelo sistema adesivo 

poderia ocorrer em função de um mecanismo proteolítico endógeno, sugerindo uma 

explicação à prematura degradação das restaurações adesivas. Os resultados 

desse trabalho chamaram a atenção para a importância do estudo de tais enzimas 

na degradação da matriz orgânica dentinária. 
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As MMPs constituem um grupo de vinte e quatro enzimas que são 

responsáveis pela degradação de componentes da matriz extra-celular e membrana 

basal (Visse & Nagase, 2003), incluindo vários tipos de colágeno. Estudos 

demonstraram que diferentes MMPs podem ser secretadas por odontoblastos 

(Palosaari et al., 2000, 2003), sendo que a presença dessas enzimas na dentina 

sadia também foi reportada (Martin-De Las Heras et al., 2000; Sulkala et al., 2007; 

Mazzoni et al., 2009). Já no tecido cariado, a expressão das MMPs -2, -8 e -9 foi 

identificada nas formas ativa e inativa, bem como foram verificadas suas atividades 

gelatinolíticas (Tjäderhane et al., 1998). Essas proteases são capazes de degradar 

diversos componentes da matriz extracelular em pH neutro, incluindo o colágeno em 

sua forma nativa ou desnaturado (Visse & Nagasse, 2003).  

Além das MMPs, outra classe de proteases capazes de degradar 

componentes da matriz extracelular que recentemente passaram a ser estudadas na 

estrutura dental são as cisteíno-catepsinas (CTs). A expressão gênica para 

diferentes CTs foi demonstrada por Tersariol et al. (2010) em tecido pulpar e em 

odontoblastos, sendo que os mesmos autores mostraram a presença de CT-B em 

dentina sadia por imuno-histoquímica. Ainda nesse estudo, foi observada uma 

correlação positiva entre a atividade de MMPs e CTs, ambas extraídas da dentina 

sadia (Tersariol et al., 2010). 

O emprego do ácido fosfórico pode ser responsável pela reativação de 

enzimas colagenolíticas antes inativadas pela deposição dos cristais de 

hidroxiapatita (Hashimoto et al., 2003; Pashley et al., 2004; Mazzoni et al., 2006; 

Carrilho et al., 2009). Alguns monômeros constituintes dos sistemas adesivos sejam 

eles de condicionamento total e ouauto-condicionantes, por sua característica ácida 

também tem sido considerados promotores da ativação de enzimas endógenas da 

matriz dentinária responsáveis pela degradação do colágeno (Mazzoni et al., 2006; 

Nishitani et al., 2006; Moon et al., 2010). Estas enzimas podem trazer 

conseqüências para a integridade do colágeno da matriz em decorrência da ação de 

enzimas da própria dentina (Carrilho et al., 2009; Mazzoni et al., 2011a,b; Mazzoni et 

al., 2012). Se por um lado o condicionamento ácido aumenta a resistência da 

interface adesiva de forma imediata, por outro, parece contribuir para a redução de 

sua longevidade pela reativação de enzimas capazes de degradar o colágeno. 

O estudo das enzimas presentes na dentina é geralmente feito por 

métodos bioquímicos ou por técnicas de microscopia associadas ou não aos 
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métodos imuno-histoquímicos, que permitem avaliar a presença e localização das 

enzimas no complexo dentinopulpar assim como avaliar a atividade dessas enzimas 

e a degradação da matriz orgânica dentinária (Shimada et al., 2009; Tezvergil-

Mutluay et al., 2010; Mazzoni et al., 2011a). No entanto, o estudo da presença e 

atividade de proteases em tecidos mineralizados pode ser feito a partir da extração 

dessas enzimas do tecido, o que normalmente envolve a desmineralização de tal 

estrutura. Existem diferentes protocolos de extração que permitem a remoção ou 

extração das proteases da dentina envolvendo diferentes soluções para 

desmineralização e diferentes condições de pH (Martin-De Las Heras et al., 2000; 

Breschi et al., 2010, Mazzoni et al., 2007). Porém, a efetividade desses métodos 

para extração de proteínas da dentina, assim como a sua influência sobre a 

atividade das enzimas extraídas e das enzimas remanescentes na dentina é 

desconhecida. 

Sabendo que os efeitos da atividade destas enzimas na degradação do 

colágeno pode comprometer a longevidade das restaurações adesivas, foram 

desenvolvidos alguns inibidores sintéticos das MMPs (Gendron et al., 1999; Sorsa et 

al., 2006; Carrilho et al., 2007a,b; Cova et al., 2011; Mazzoni et al., 2013). Dentre 

estas soluções, o uso recente de agentes de ligação cruzada vem ganhando 

popularidade (Liu et al., 2011; Tjäderhane et al., 2012) após estudos que mostraram 

um aumento da força mecânica da rede de colágeno e da resistência à degradação 

enzimática (Al-Ammar et al., 2009; Macedo et al., 2009; Cova et al., 2011; Mazzoni 

et al., 2013). A eficácia comprovada dos agentes de ligação cruzada na estabilidade 

do colágeno dentinário fez com que, recentemente, o composto 1-etil-3 - (3-

dimetilaminopropil) carbodiamida (EDC) seja proposto como um agente de proteção 

do colágeno capaz de preservar a resistência de união ao longo do tempo e inibir a 

ação das MMPs (Bedran-Russo et al., 2010; Tezvergil-Mutluay et al., 2012; Mazzoni 

et al., 2013). 

Sendo assim, diante desses novos achados, o objetivo deste estudo foi 

verificar o efeito potencial de diferentes componentes (composições ácidas e 

sistemas adesivos) na ativação das metaloproteinases 2 e 9, além de investigar o 

uso do agente de ligação cruzada EDC na redução da atividade destas MMPs.  
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Proposição 
2- PROPOSIÇÃO 

 

Essa tese de doutorado será apresentada em capítulos, tendo como 

objetivos: 

 

Capítulo 1: Avaliar o efeito da desmineralização por de diferentes ácidos 

na ativação de MMP-2 em dentina usando as técnicas de zimografia e teste de 

atividade específico.  

 

Capítulo 2: Investigar os efeitos de um sistema adesivo 

autocondicionante de passo único na atividade das MMP-2 e -9 correlacionando as 

técnicas de zimografia in situ e teste de atividade específico.  

 

Capítulo 3: Avaliar a capacidade do agente de ligação cruzada EDC na 

inibição da atividade das MMPs usando as técnicas de zimografia e zimografia in 

situ.  
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Capítulos 
 

3- CAPÍTULOS 

 

REGIMENTO INTERNO 
 
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 co-autoria do 

candidato. Desta forma, esta tese é composta de três capítulos contendo artigos a 

serem submetidos para publicação em revistas científicas, conforme descrito abaixo: 
 

Capítulo 1 
“Does different acid etching induces activation of MMP-2?”  Apolonio FM, 

Saboia VPA, Breschi L, Curci R, Mazzoni A. Este artigo será submetido à publicação 

no periódico Journal of Adhesive Dentistry. 

  
Capítulo 2 

“Effects of a one-step adhesive on dentin MMPs activity” Apolonio FM, 

Mazzoni A, Saboia VPA, Santi S, Angeloni V, Curci R, Di Leonarda R, Tay FR, 

Pashley DH, Breschi L. Este artigo será submetido à publicação no periódico 

European Journal of Oral Sciences.  

 
Capítulo 3 

“Carbodiimide Inactivation of MMPs and Effect on Dentin Bonding” 

Mazzoni A, Apolonio FM, Saboia VPA, Santi S, Angeloni V, Checchi V, Curci R, Di 

Leonarda R, Tay FR, Pashley DH, Breschi L. Este artigo foi submetido e está 

publicado no periódico Journal of Dental Research Mar;93(3):263-8, 2014. 
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Capítulo 1 
3.1 CAPÍTULO 1 

 

Does different acid etching induces activation of MMP-2? 
 

F.M. Apolonio1, V.P.A. Saboia1, L. Breschi2, R. Curci3, A. Mazzoni4 

 
1 Department of Restorative Dentistry, Federal University of Ceará, 

Fortaleza, Brazil; 
 

2 Department of Biomedical and Neuromotor Sciences, DIBINEM, 

University of Bologna and IGM-CNR, Unit of Bologna, Italy 

 
3 Laboratory of Musculoskeletal Cell Biology, RAMSES, IOR, Bologna, 

Italy; 

 
4 Department of Biomedicine, Unit of Dental Sciences and Biomaterials, 

University of Trieste, Trieste, Italy; 

 

For: Journal of Adhesive Dentistry 

(To be submitted in January 2015) 

 
Correspondence: Prof. Lorenzo Breschi, Department of Biomedical and Neuromotor 

Sciences, DIBINEM, University of Bologna - Alma Mater Studiorum, Via San Vitale 

59, 40125, Bologna, Italy, Tel: +39-051-2088139; Fax: +39-051-225208; email: 

lorenzo.breschi@unibo.it 

 

Key words: biochemical assays, collagen, zymography, phosphoric acid, citric acid. 
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ABSTRACT 
 

Purpose: This study aimed to investigate the effect of different acid treatments on 

MMP-2 dentin activation. The hypothesis tested was that acid composition, 

concentration or time exposed could change the MMP-2 dentin activity.  Materials 
and Methods: Aliquots of 100mg of dentin powder were treated as follow: 

mineralized dentin (G1); demineralized using: 1% Phosphoric acid for 1 (G2), 5 (G3) 

or 10 (G4) minutes; 10% Phosphoric acid for 1 (G5), 5 (G6) or 10 (G7) minutes; and 

10% Citric acid for 1 (G8), 5 (G9) or 10 (G10) minutes. Dentin protein was extracted 

and MMP-2 activity was evaluated by means of an activity assay and gelatin 

zymography. Results: Both zymography analysis and activity assay revealed that 

MMP-2 activity was present in all tested groups (G1-10) and increased when dentin 

was demineralized using 10% Phosphoric acid (G5-7) and 10% Citric acid (G8-10), 

accepting the hypothesis. Conclusion: It may be concluded that low pH solutions 

can activate MMP-2 but the intensity depends on the concentration of the solution. 

 

Key words: biochemical assays, citric acid, collagen, phosphoric acid, zymography. 

 

INTRODUCTION 

Enzymatic degradation of the collagen matrix by host-derived enzymes 

plays a significant role in the destruction of the bonded interface2, 3 ,25. Several matrix 

metalloproteinases (MMPs) have been identified in dentin, and suggested to be 

responsible for the digestion of collagen fibrils exposed at the adhesive interface12. 

Mature human odontoblasts synthesize at least gelatinases MMP-2 and -9, 

collagenases MMP-8 and -13, and enamelysin MMP-2023,24,28,29,31. MMP-2 is 

probably the most abundant MMP in human mineralized dentin matrix16 identified 

throughout the entire depth of dentin1 and within the hybrid layer (HL) created by a 

two-step etch-and-rinse adhesive system14. This protein has been shown to be 

extremely robust, resisting acidic and thermal denaturation30. It was speculated that 

MMP-2 is known to activate other proforms of MMPs20.  

In mineralized dentin, MMPs become covered with apatitic nanocrystals, 

making them immobile and non-functional22. However, during restorative procedures, 

when dentin is exposed to a low pH solution as acid or by mildly acidic adhesive 
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resin components, those enzymes can be exposed and activated by cleavage of their 

propeptide17,18.  Although a small fraction of these proteases may be extracted by 

acids5,15 most remain bound to the matrix in their active forms, where they can slowly 

hydrolyze the collagen matrix26. 

Traditionally, investigators have extracted proteases from the dentin matrix 

for identification and evaluation of their functional activity by zymography2,15 and 

more recently by an specific enzymatic assay17,23. To investigate the activity of 

proteases in mineralized dentin one way generally need to demineralize this 

substrate. There are many enzyme extraction protocols involving different solutions 

for demineralization in different pH conditions2,12,15 . 

 Previous papers had used phosphoric acid4,13,14,16, citric acid15 and 

EDTA11,12,30 for the demineralization step in proteases evaluation.  However, no 

previous studies showed if differences in acid composition, concentration or time 

exposed could change enzymatic activity on dentin. This is a very important data 

since those changes could underestimate or superestimate enzyme activity.  

The purpose of this study was to investigate the effects of different acid 

treatments, concentration and time exposure, on MMP-2 dentin activation, by means 

of a correlative analysis based on gelatin zymography and an specific enzymatic 

assay. The tested hypothesis was that acid composition, concentration or time 

exposed change the MMP-2 dentin activity.  

 

MATERIALS AND METHODS 

Reagents were purchased from Sigma Chemical Co. (St. Louis, MO, USA) 

unless otherwise specified. 

 

Zymography analysis 
  Freshly extracted non-carious human third molars were used in this 

study, which was approved by Ethical Committee of the University of Trieste, Italy.  

Zymographic analysis was performed in accordance with Mazzoni et al., 201213. In 

brief, mineralized dentin powder was obtained from eight human third molars by 

freezing the dentin in liquid nitrogen and triturating it using Retsch miller (Model 

MM400, Retsch GmbH, Haan, Germany).  Ten aliquots of 100mg of dentin powder 
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were separated. One of them was used as control G1 as mineralized dentin 

(untreated group), the other nine were demineralized using: 1% phosphoric acid (PA) 

for 1 (G2), 5 (G3) or 10 (G4) minutes; 10% phosphoric acid for 1 (G5), 5 (G6) or 10 

(G7) minutes; and 10% citric acid (CA) for 1 (G8), 5 (G9) or 10 (G10) minutes. 

Demineralized dentin was treated with 100 µL of the respective acid and neutralized 

with 70 µl of 5N NaOH (Mazzoni et al., 2012).  

After the previously described treatment dentin powder aliquots were re-

suspended in extraction buffer (50 mM Tris-HCl, pH 6, containing 5 mM CaCl2, 100 

mM NaCl, 0.1% Triton X-100, 0.1% non-ionic detergent P-40, 0.1 mM ZnCl2, 0.02% 

NaN3) for 24 hrs at 4°C as previously described (Breschi et al., 2010). The 

specimens were sonicated for 10 min (at ≈ 30 pulses) and centrifuged for 20 min at 

4°C (20,800 g) and the supernatant was removed. The protein content was further 

concentrated using a Vivaspin centrifugal concentrator (10 kDa cut-off) for 30 min at 

4ºC (15,000 g, 3 times). Total protein concentrations of dentin extracts were 

determined by the Bradford assay.  

Dentin protein aliquots (60 µg of protein) were diluted in Laemmli sample 

buffer at a 4:1 ratio and subjected to electrophoresis under non-reducing conditions 

in 10% sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) containing 1 mg/mL 

gelatin which had been fluorescently labeled with MDPF. Pre-stained low range 

molecular-weight SDS-PAGE standards (Bio-Rad) were used as molecular-weight 

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

were then incubated in activation solution (50 mmol/L Tris-HCl, 5 mmol/L CaCl2, pH 

7.4) for 48h. After that, the gels were photographed under UV illumination with long-

wavelength UV (Gel Doc XR System, Bio-Rad). Gelatinases (MMP-2) in the samples 

were analyzed in duplicate by gelatin zymography. 

 

Assay to determine MMP-2 activity 
The enzymatic activity of MMP-2 was determined with the Biotrak™ 

activity assay system (GE Healthcare, Buckinghamshire, UK). Protein extraction from 

treated dentin powder was performed in 50 mM Tris-HCl buffer, pH 7.4. Standard 

curves were prepared, and samples were incubated in the supplier-provided assay 

buffer for 6h at 37°C. The absorbance was read at 405 nm (Bio-Rad, Segrate Milano, 



	   19	  

Italy). Assays were performed in triplicate and completed according to the 

manufacturer’s instructions. 

The statistical analysis was performed with all acid treatment, and since 

values were normally distributed (Kolmogorov-Smirnov test), data were analyzed with 

a one-way analysis of variance (ANOVA) and Tukey’s post hoc test (p < 0.05). 

 

RESULTS 
Zymographic Analysis  

Zymograms of gelatinolytic activity are shown in Fig. 1. Zymograms of all 

tested groups (G1-10) showed MMP-2 pro- and active-form (72- and 66-kDa, 

respectively). 

Time exposure of demineralization agent changed MMP-2 activity only for 

10% phosphoric acid (G5-7). For those groups, a crescent activity could be seen 

from G5 to G7. For all other groups, no difference between the three times of 

application was found.  

In comparison with control group (mineralized dentin), 10% phosphoric 

acid (G5-7) and 10% citric acid (G8-10) showed increasing while 1% phosphoric acid 

(G2-4) showed reduction in MMP-2 activity. 

Control zymograms incubated with 5 mM EDTA and 2 mM 1,10-

phenanthroline showed no enzymatic activity (data not shown). 

 

Figure 1: Zymographic analysis of dentin powder treated with different 

demineralizing agents and application times. MMP-2 pro- and active-form (72- and 

66-kDa respectively) are labeled with arrows.  Molecular masses, expressed in kDa, 
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are reported in the standard lane (Std). Lane 1: Proteins extracted from dentin 

powder mineralized (G1 – untreated dentin) showing the presence of MMP-2 pro- 

and active-form. Lane 2, 3 and 4: demineralized dentin with 1% phosphoric acid after 

1min (G2), 5min (G3) and 10min (G4) respectively, showing a lower expression of 

MMP-2 pro- and active-form in a lower expression when compared to the mineralized 

group. Lane 5, 6 and 7: demineralized dentin with 10% phosphoric acid after 1min 

(G5), 5min (G6) and 10min (G7) respectively, showing a crescent activity of MMP-2 

pro- and active-form in comparison with the mineralized and 1% phosphoric acid 

groups. Lane 8, 9 and 10: demineralized dentin with 10% citric acid after 1min (G8), 

5min (G9) and 10min (G10) respectively, showing a great activity of MMP-2 pro- and 

active-form in comparison with G1 to G6.  

 

Assay for the Activities of MMP-2  
Statistical analysis of data showed normal distribution and equal 

variances. The MMP-2 activity (ng/mL) recorded in untreated mineralized and treated 

with different acids and application times are summarized in Fig. 2. The differences 

among the 10 groups were significant (p < 0.01).  

 

 

Figure 2. Expression of MMP-2 activity (ng/mL) obtained with the Biotrak™ activity 

assay system.  Bar 1, control mineralized dentin powder (G1); Bar 2, 3 and 4, dentin 

powder etched with 1% phosphoric acid for 1, 5 and 10 minutes respectively (G2-4); 
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Bar 5, 6 and 7, dentin powder etched with 10% phosphoric acid for 1, 5 and 10 

minutes respectively (G5-7); Bar 8, 9 and 10, dentin powder etched with 10% citric 

acid for 1, 5 and 10 minutes respectively (G8-10). 

 

DISCUSSION  

Dentin demineralization is an important step in dentin bonding procedures 

that exposes the collagen fibril meshwork for micromechanical retention of adhesive 

resins20,21. It is known that exposing dentin to low pH solutions activates MMPs that 

can slowly degrade the collagen matrix26. However, none investigated the effect of 

different acid solutions on MMP-2 activation and its effect regarding the time 

exposure. The tested hypothesis of this study was that different acids, concentration 

or time exposure could change the MMP-2 dentin activity. This was accepted since 

acids showed different degrees of enzyme activation and 10% phosphoric acid 

showed differences concerning time exposure. 

MMP-2 may be one of the most relevant dentin-bound MMPs involved in 

hybrid layer degradation14. This enzyme was found to be entrapped within the hybrid 

layer created by a two-step ecth-and-rinse adhesive system and aged in artificial 

saliva for 12 months. The presented results showed the presence of both MMP-2 

active and pro-form in all tested groups. The amount of MMP-2 available for 

detection changed in function of dentin treatment,14 showing that acid formulation is 

able to change enzymatic expression.  

Gelatin zymography is an extremely sensitive technique mainly used for 

the detection of MMP-2 and -9 activities14,15,19 including gelatinase activities in 

adhesive-treated dentin2,5. The specific enzymatic assay is an innovative approach 

with the ability to quantify the activities of a tested specific dentinal MMP. This study 

correlates those two enzymatic assays, an specific and a non-specific (gelatin 

zymography). Both, zymography and the specific enzymatic assay, results showed 

an increase of MMP-2 activity for 10% phosphoric acid and 10% citric acid in 

comparison with mineralized groups. Analysis of these data provides direct evidence 

of the gelatinase activities in acid-etched dentin in disagreement with previous 

studies that have demonstrated activity only after exposure to adhesives18,23. 
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The majority of previous studies used 1% or 10% PA showing activity of 

MMP-2 and -94,14,13,16. Just a few of them used 37% PA9,26. Although this is the 

concentration used in clinical practice, the lower pH showed a reduction on enzyme 

activity7,26. The main reason of this study was to evaluate the acid composition, 

concentration and time of exposure that showed the highest activity of MMP-2 to 

potentiate the enzyme extraction. 

However, controversy exists over the interaction of PA with MMPs. It has 

been reported that PA increases dentin MMP activity in a concentration of 1%2, 

whereas other studies reported that 10% PA decreased dentin MMP activity under 

different experimental conditions12. The present study showed that the concentration 

of PA is crucial to the result. 10% PA was the unique acid that showed a continuous 

increase in MMP-2 activity over time and the one that exhibited higher MMP-2 

activity. 1% PA showed no difference in MMP-2 activity in ELISA and zymography 

test, showing that a low concentration of this acid could not enlarge MMP-2 

expression. These results are in accordance with DeVito-Moraes who evaluated 

MMPs expression after 1%, 10% and 37% PA exposure, by means of western blot, 

gelatin zymography, in situ zymography and hydroxyproline assays, showing a great 

MMP expression of 10% PA in comparison with 1% and 37% PA7. 

Citric acid is usually present in the daily diet, medications and 

industrialized food. In dental practice, CA is often used to remove smear layer on root 

dentin before using resin cements8,27. The present results showed an increase on 

MMP-2 activity in comparison with mineralized dentin independent on time exposure. 

This is most likely due to its great capacity for demineralization6 that can even 

expose collagen fibrils and active MMPs. This is in accordance with Mazzoni et al. 

(2007)15 and Kato et al. (2011)11 studies that reported intense gelatinolitic activity of 

MMP-2 after exposition to citric acid 0.87 M.  

1% phosphoric acid groups showed a reduction of MMP-2 activity. This 

result may be either assigned to the zymography protocol of protein extraction. After 

exposed to acid agents, dentin powder is neutralized using NaOH and the 

supernatant is removed. We believe that this supernatant contains one part of total 

protein and it is unvalued, reducing real protein expression. As all acids tested have 

a low pH, the acid conditions could unfold and denature a number of 
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protein/enzymes within the dentine matrix and causing profound changes, especially 

in secondary and tertiary structure of protein16. This may happen with all acid groups 

but it was more evident with those that showed lower MMP activity.  

For all acids tested, excluding 10% PA, time exposition does not show 

difference on activation of this enzyme.  This suggests that, in low concentration, acid 

suddenly became neutralized by Calcium and Phosphate present on dentin and the 

increase in time exposition could not change MMPs activity.  Examining the buffering 

capacity of dentin powder exposed to those acids, it can be observed that the 

baseline pH of acids changed from 1.64 to 2.0, before etching, to 5.0 to 7.4 after 

mixed with dentin powder. After neutralization of dentin powder with NaOH, it could 

be observed a dense precipitate in eppendorf. The authors believe that such 

precipitates are reaction products of the interaction of acids with dentin matrix apatite 

that mask the collagen fibrils from matrix proteases. This hypothesis was either 

suggested by Iwasa10 who showed a “dense, insoluble precipitate” that obscured the 

fibrillar nature of the underlying collagen matrix on the surfaces of dentin exposed to 

single step adhesives. 

 Based on the results of the present study, it can be concluded that low pH 

solutions can activate dentin MMP-2 in different magnitude. So we suggest that 10% 

PA and 10% CA are the best ones to be used on enzymatic tests since those acids 

increased MMP-2 activity.  
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Clinical relevance 
 Dentin demineralization promoted by acid solutions can activate dentin MMPs 

and affect long-term restorations. 
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ABSTRACT 
 

Degradation of the hybrid layer has been related to enzymes activity present in the 

dentin matrix that destroys unprotected collagen fibrils. The aim of the study was to 

evaluate the effect of a one-step adhesive system on dentinal MMP-2 and -9 using in 

situ zymography and an enzymatic activity assay. This study tested the null 

hypothesis that there are no differences in the activities of dentinal MMPs after 

treatment with a one-step adhesive system. MMP-2 and -9 activities in adhesive-

treated dentin with Adper easy Bond (3M ESPE) were quantified by means of an 

activity assay system. MMPs activity within the hybrid layer was additionally detected 

in situ with the in situ zymography technique using the one-step self-etch adhesive 

system. Enzymatic assay revealed increase on MMP-2 and -9 activities after 

adhesive treatment. The in situ zymography revealed that gelatinolytic activity is 

present within the hybrid layer created with the tested one-step self-etch adhesive 

and the data indicate that host-derived gelatinases remain localized within the HL 

and are active after bonding procedure. It can be concluded that one-step self-etch 

adhesives can activate endogenous MMP-2 and -9 that could promotes collagen 

degradation over time. 

 

INTRODUCTION  
Among contemporary dentin-bonding systems, self-etch adhesives have 

consistently increased their popularity in the last years due to reduction of clinical 

application steps1 minimizing also the technique sensitivity2,3. Recent formulations of 

self-etch adhesives have shifted to one-step systems, in which all components are 

combined into a single solution corresponding to a single clinical application step. 

Despite their user-friendliness and low technique sensitivity, one-step adhesives 

have exhibited lower immediate resin-dentin bond strengths and extensive interfacial 

nanoleakage expression when compared with other bonding approaches4-6.  

Bond durability is the main goal to achieve for adhesive restorations. It is 

known that degradation processes occur at the resin/dentin interface7-10 and that this 

mechanism is very complex and even not completely elucidated11,12. One reason that 

contributes to the degradation of the hybrid layer (HL) over time is the activity related 

to endogenous proteases enzymes, such as metalloproteinases (MMPs) and 

cysteine cathepsins, present in the dentin matrix13-15 that can be responsible for the 
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hydrolization of the exposed collagen fibrils within the HL, if unprotected by adhesive 

monomers16-19. 

MMPs are a family of zinc- and calcium-dependent enzymes important for 

tooth development20. In mineralized dentin, MMPs become covered with apatitic 

nanocrystals, making them immobile and non-functional18. However, when exposed 

to a low pH solution such as the pH of dentin bonding agents, these enzymes 

became activated17,18,21-23 and can cause progressive degradation of exposed 

collagen fibrils16-18,24, 25. Evidence of collagenolytic and gelatinolytic activities in 

partially demineralized dentin treated with either etch-and-rinse or self-etch 

adhesives confirmed, in fact, the potential involvement of these endoproteases in the 

disruption of incompletely resin-infiltrated collagen fibrils within HLs7,8,17,18,21,26. 

The presence of MMP-2 and -9 in human sound dentin powder was 

assayed by gelatin zymography, Western-blot analysis17, activity assays15,21  and by 

an immunohistochemical approach14. More recently Mazzoni and co-workers, using 

an innovative technique, the in situ zymography technique15  based on a fluorescent 

enzyme assay kit, have allowed screening of the relative proteolytic activity in 

adhesive-treated dentin. The advantage of this latest technique is the possibility to 

evaluate in situ how dentinal MMPs act at the dentin/resin interface using dentin 

bonding agents as there are caused in clinical practice. 

The purpose of this study was to investigate the effects of a one-step 

adhesive systems on MMP-2 and -9 activities, by means of a correlative analysis 

based on, in situ zymography and an specific enzymatic assay. The tested null 

hypothesis was that there are no differences in the activities of host-derived MMP-2 

and -9 after treatment with one-step adhesive systems. 

 
MATERIALS AND METHODS 

Reagents were purchased from Sigma Chemical Co. (St. Louis, MO, USA) 

unless otherwise specified. 

 

Assay for the Activities of MMP-2 and -9 
Ten extracted human third molars were obtained from anonymous 

individuals following their signed consent under a protocol approved by the University 

of Trieste (Italy). Teeth, ground free of enamel, pulpal soft tissue, and cementum, 

were reduced to fine powder when the dentin was frozen in liquid nitrogen and 



	   30	  

triturated by means of a steel mortar/ pestle (Reimiller, Reggio Emilia, Italy). The fine 

mineralized dentin powder was pooled, dried, and kept frozen until use. 

Aliquots of dentin powder were prepared, randomized divided and treated 

as follow: G1 = mineralized dentin powder (MD); G2 = MD treated with Adper Easy 

Bond (3M ESPE; AEB), in accordance with Mazzoni et al. (2013)21 by mixing the MD 

powder with the all-in-one adhesive for 30 min followed by rinses in acetone to 

remove the resin from the dentin powder.  

 The enzymatic activities of MMP-2 and -9 were determined with the 

Biotrak™ activity assay system (GE Healthcare, Buckinghamshire, UK). Protein 

extraction from the mineralized and adhesive-treated dentin powder was performed 

in 50 mM Tris-HCl buffer, pH 7.4. Standard curves were prepared, and samples were 

incubated in the supplier-provided assay buffer for 2 and 6 hrs, for MMP-2 and -9, 

respectively, at 4°C. After extensive rinses, the detection reagent was added, and 

absorbance was read at 405 nm (Bio-Rad, Segrate Milano, Italy). Assays were 

performed in triplicate and completed according to the manufacturer’s instructions. 

The statistical analysis was performed and since values were normally 

distributed (Kolmogorov-Smirnov test), data were analyzed with a one-way analysis 

of variance and Scheffe’s post hoc test (p < 0.05). 

 
In situ zymography 

Additional two extracted human third molars were used for in situ 

zymography analysis. In detail, slabs of 1-mm-thick of middle/deep dentin were 

obtained from each tooth by means of a low-speed saw (Micromet, Remet, 

Casalecchio di Reno, Italy). A standardized smear layer was created by wet-polished 

with #600-grit SiC paper under running water for 60s and the dentin surfaces were 

treated with the tested all-in-one-adhesive in accordance with the manufacturer’s 

instructions (Table 1). A 1-mm-thick flowable composite (Filtek 250 flow, 3M ESPE) 

was placed on the top of the adhesive-treated dentin and properly polymerized 

(Curing Light 2500, 3M ESPE). Bonded specimens were cut vertically into 1-mm-

thick slabs to expose the adhesive/dentin interfaces by means of slow-speed saw 

(Micromet) and each bonded dentin/composite slide glued to a glass microscope 

support and ground down to obtain ca. 500-µm-thick specimens.  

In situ zymography was performed with self-quenched fluorescein-

conjugated gelatin as the MMP substrate (E-12055, Molecular Probes, Eugene, OR, 



	   31	  

USA) in accordance with Mazzoni et al. (2012)27. In brief, the fluorescent gelatin 

mixture was placed on top of each slab and covered with a coverslip, and the slides 

were light-protected and incubated in humidified chambers at 37°C for 24h. The 

hydrolysis of quenched fluorescein-conjugated gelatin substrate, indicative of 

endogenous gelatinolytic enzyme activity, was assessed by examination with a 

confocal laser scanning microscope [excitation (ex), 488 nm; and emission (em), 

lp530 nm; Nikon A1-R, Tokyo, Japan]. The 2-D images obtained were then combined 

to create 3D-like structural images to provide additional information regarding the 

depth of gelatinolytic activity. 

Negative control sections were incubated as described above, except that: 

(1) 250 mM ethylenediaminetetraacetic acid (EDTA) was dissolved in the mixture of 

quenched fluorescein-conjugated gelatin or (2) 2 mM 1,10-phenanthroline or (3) 

standard non-fluorescent instead of fluorescent conjugated gelatin was used. EDTA 

and 1,10-phenanthroline were used as negative controls because they are well-

known MMPs inhibitors. 
 
Table 1: Components, compositions, and application procedure of Adper 

Easy Bond adhesive system (information supplied by the manufacturers). 

 
Adhesive 
System 

Composition Application procedure 

Adper Easy 
Bond, 3M 
ESPE, Seefeld, 
Germany, pH: 
2.4* 

HEMA, Bis-GMA, Group 

methacrylated phosphoric esters, 1,6 

hexanediol dimethacrylate, 

methacrylate functionalized 

polyalkenoic acid, silica filler, ethanol, 

water, camphorquinone, stabilizers. 

Dry; apply 2 layers onto 

surface cavity; air-thin for 

approximately 5 s until the 

film no longer moves; 

light-cure for 10 s. 

 

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

*Information received from the manufacturer. 

 

RESULTS 
Assay for the Activities of MMP-2 and -9 
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The MMP-2 and -9 activities (ng/mL) recorded in untreated mineralized, 

and adhesive treated dentin powder with Adper Easy Bond are summarized in Fig. 1. 

The differences among the tested groups were significant (p < 0.01). With 

mineralized dentin powder as the control, the enzyme activity after treatment with 

AEB increased approximately 15% for MMP-2 and 37% for MMP-9 (Fig. 1).  

 

 
Figure 1: Expression of MMP-2 and -9 activities (ng/mL) obtained using 

Biotrak™ activity assay system. Bar 1: control mineralized dentin powder (MD); Bar 

2: mineralized dentin treated with Adper Easy Bond (AEB). 

 
In situ zymography 

 The in situ zymography performed on adhesive-dentin interfaces 

created with Adper Easy Bond revealed an intense green fluorescence within the HL 

after incubation, indicating that the fluorescein-conjugated gelatin was hydrolyzed at 

these sites (Fig. 2). The 3-D model of the acquired stacked images confirmed the 

gelatinolytic activity at the HL (Fig. 3).  
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Figure 2: Resin/dentin interfaces created with Adper Easy Bond (AEB) adhesive 

system incubated with quenched fluorescein-labeled gelatin obtained by merging 

differential interference contrast image. Image acquired in green channel. Bar = 5 

µm. D = dentin; R = resin; HL = hybrid layer. Fig 2a: Representative image of 

mineralized dentin at baseline showing no fluorescence. Fig 2b: Representative 

image of mineralized dentin after 48h showing fluorescence. Fig. 2c: Representative 

adhesive interface created by AEB at baseline showing minimal fluorescence. Fig. 

2d: Representative AEB adhesive interface after gelatin incubation showing intense 

fluorescence, meaning gelatin hydrolysis, throughout the hybrid layer.  
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Figure 3: Tri-dimensional models of the acquired images at baseline (Fig. 3a) and 

after incubation with gelatin showing extensive fluorescence within the hybrid layer 

Fig. 3b). (R=resin composite, HL= Hybrid layer, D= Dentin). 

No fluorescence was detected in negative controls, i.e., (1) EDTA-treated, 

(2) 2 mM 1,10-phenanthroline-treated, or (3) specimens incubated with standard non-

fluorescent gelatin (data not shown). 

 

DISCUSSION 
This paper proposed to investigate the enzymatic activity that can 

contribute to the degradation process of the adhesive/dentin interfaces created by an 

all-in-one adhesive system. Results of the study showed that activities of MMP-2 and 

-9 increased after the application of Adper Easy Bond, thus the hypothesis tested 

that the activities of host derived dentinal MMP-2 and -9 are not influenced by the 

tested dentin bonding agent should be rejected.  

Current adhesive technology of one-step adhesive systems tends to 

simplify bonding procedures by reducing the application steps, shortening the clinical 

application time and decreasing the technique sensitivity with the attempt to improve 

its standardization28. However, the degradation process of these adhesives is still not 

well understood. Hydrolytic degradation has been described frequently as a major 

factor affecting the stability of the hybrid layer either with self-etch or etch-and-dry 

adhesives9, especially for one-step systems. Additionally, suboptimal 

polymerization29, continuous etching, and phase separation30 have been shown to 

degrade the adhesive interface over time. Moreover, recent studies have highlighted 
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the importance of enzymatic degradation of suboptimally impregnated collagen fibrils 

that remain within the hybrid layer and that can be degraded following the activation 

of collagen-bound MMPs8,12,21.  

Self-etch adhesives have shown activation of the host-derived dentinal 

MMPs17,18,21,22,26. In addition, a self-etch adhesive has been shown to increase MMP-

2 synthesis in human odontoblasts31, possibly increasing MMP-2 penetration into the 

hybrid layer via dentinal fluid. MMPs can be activated in low-pH environments32,33 by 

inducing the cysteine switch34. The acidic resin monomers contained either in etch-

and-rinse or self-etch adhesives may, in fact, activate latent forms of MMPs (pro-

MMPs) via the cysteine-switch mechanism that exposes the catalytic domains of 

these enzymes that were blocked by pro-peptides21.  

Although one-step adhesive systems rely on the same bonding 

mechanism, they differ from each other in many aspects, such as acidic resin 

monomer composition, water content and acidity. The tested adhesive had a pH 

value of 2.4 (Table 1) and this ‘mild’ pH may explain the increase in MMP-2 and -9 

activity recorded with the specific assay system employed (Fig. 1). These results are 

in line with a previous study in which the effect of AEB was investigated also with 

gelatin zymography showing that Adper Easy Bond increased dentinal gelatinolytic 

activity of MMP-2 and 921,35. 

The approach used in this study includes the possibility to check the 

difference between the activation of MMPs using biochemical and morphological 

analysis. Homogenization of tissues is, in fact, mandatory for activity assays, allowing 

detection and quantification of enzymes in relation to the adhesive treatments, 

precluding, however, the possibility to localize the MMPs at the adhesive/dentin 

interface. For this reason, we additionally performed an in situ zymography technique 

to obtain precise localization of the MMPs activity within the HL created by the tested 

one-step adhesive system. The in situ zymography revealed that gelatinolytic activity 

is present within the HL created with the tested one-step self-etch adhesive and the 

data obtained clearly indicate that host-derived gelatinases remain localized within 

the HL and are active after bonding procedure. 

Those results contribute to confirm that self-etch adhesives can activate 

MMPs in dentin since the one-step adhesive system tested improved enzymatic 

activity in all realized tests.   
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ABSTRACT 

 
Objective: The use of protein cross-linking agents during bonding procedures has 

been recently proposed to improve bond durability. This study aimed to evaluate the 

ability of an EDC-cross-linker conditioner to inhibit MMPs activity using zymography 

and in situ zymography techniques. The hypotheses tested were that 1) bonding 

procedures increases dentin gelatinolytic activity and 2) EDC pre-treatment prevents 

this enzymatic activity. Methods: The zymographic assay was performed on protein 

extracts obtained from dentin powder treated with Optibond FL or Scotchbond 1XT 

with or without EDC pretreatment. For in situ zymography, adhesive/dentin interfaces 

were created with the same adhesives applied on acid-etched dentin slabs pre-

treated or not with EDC conditioner. Results: Zymograms revealed increased 

expression of dentin endogenous MMP-2 and -9 after adhesives application, while 

the use of 0.3M EDC as a primer, inactivated dentin gelatinases. Results of in situ 

zymography showed that hybrid layers of tested adhesives exhibited intense 

collagenolytic activity, while almost no fluorescence signal was recorded when 

specimens were pre-treated with EDC. Significance: The correlative analysis 

employed in this study demonstrated that EDC could contribute to inactivate 

endogenous dentin MMPs within the hybrid layer created by etch-and-rinse 

adhesives, which may prevent loss of bond strength over time. 

 

 

Key words: human dentin, collagen crosslinker, dentin bonding agents, adhesive 

systems, endogenous proteinases, biochemical assays. 
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INTRODUCTION 

The limited durability of dentin bonding systems is thought to be due to 

degradation of the resin compounds occurring via hydrolysis of suboptimally 

polymerized hydrophilic resins and degradation of collagen matrices by matrix 

metalloproteinases (MMPs) and cysteine cathepsins (Breschi et al., 2008). 

MMPs and cathepsins have been shown to be present in dentin (Mazzoni 

et al., 2007; 2009; 2011; Niu et al., 2011; Tersariol et al., 2010), and seem to be 

responsible for the slow hydrolysis of the collagen fibrils in hybrid layers that anchor 

resin composites to the underlying mineralized dentin (Tjäderhane et al., 2012). In 

order to prolong the durability of resin-dentin bonds, inactivation of these proteases 

has been recommended over the use of synthetic MMP inhibitors (Breschi et al., 

2010a,b; Almahdy et al., 2012), quaternary ammonium methacrylates or 

benzalkonium chloride (Tezvergil-Mutluay et al., 2011a,b). Moreover, other 

approaches have been proposed including remineralization, ethanol wet-bonding, 

and the use of collagen-cross-linkers (Tjäderhane et al., 2012; Tay et al., 2009; 

Bedran-Russo et al., 2010). 

Among the proposed strategies to increase the durability of resin-dentin 

bonds, the use of collagen cross-linkers in the adhesive procedures has gained 

increased popularity in the last few years (Liu et al., 2011; Tjäderhane et al., 2012). 

The innovation and potential of this approach is related to the improvement in the 

mechanical strength of the collagen network and its resistance to enzymatic 

degradation, and to the nonspecific inactivation of all exposed proteases bound to 

collagen and that increase the stability of the resin-dentin interface (Al-Ammar et al., 

2009; Macedo et al., 2009; Cova et al., 2011; Mazzoni et al., 2013b). The use of 

proanthrocyanidin, glutaraldehyde, genipin and carbodiimide have been proposed to 

enhance the mechanical and structural stability of dentin collagen, leading to a stable 

dentin matrix network which after resin infiltration should provide a durable hybrid 

layer. In addition, collagen cross-linkers have been reported to improve the 

resistance of uncross-linked or mildly cross-linked collagen matrices to degradation 

by bacterial collagenases (Avila and Navia, 2010; Ma et al., 2010), potentially 

contributing in the stabilization of the resin-dentin interface over time. 

Beside the proved efficacy of collagen cross-linkers to chemically or 

physically modify the dentin collagen substrate, the clinical applicability of these 
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solutions is desirable. Accordingly, 1-ethyl- 3-(3-dimethylaminopropyl) carbodiimide 

(EDC) has been recently proposed as an appropriate collagen-cross linker being 

effective in the preservation of bond strength over time and in the inhibition of matrix 

bound MMPs (Bedran-Russo et al., 2010; Tezvergil-Mutluay et al., 2012; Mazzoni et 

al., 2013b). 

To further support these promising results, the aim of the study was to 

evaluate the ability of an EDC- cross-linker-containing primer to inhibit dentin 

endogenous MMPs activity using a zymographic assay (to determine the type and 

nature of proteinases) and an in situ zymography technique to determine the three 

dimensional localization of MMPs activity within the hybrid layer (HL). The tested 

hypotheses were that (1) HLs created with etch-and-rinse adhesives activate 

gelatinolytic activity in dentin, and (2) that 0.3M EDC pre-treatment inactivates this 

endogenous enzymatic activity, irrespective of the tested adhesives. 

 

MATERIALS & METHODS 
Reagents were purchased from Sigma Chemical (St. Louis, MO, USA) 

unless otherwise specified and were used as received. 

 
Zymographic analysis 

Zymographic analysis was performed in accordance with Mazzoni et al., 

(2013a). Mineralized dentin powder was obtained from fourteen human third molars 

by freezing the dentin in liquid nitrogen and triturating it using a Retsch mill (Model 

MM400, Retsch GmbH, Haan, Germany). Aliquots of mineralized dentine powder 

were divided in 6 groups: G1- left mineralized (control); G2- demineralized with 10 

wt% phosphoric acid for 10 min; G3 demineralized as for G2 and treated with 0.3M 

EDC for 30 min; G4- demineralized as for G2 and treated with OFL for 30 min; G5- 

demineralized as for G2 and treated with 0.3M EDC followed by OFL application; G6- 

demineralized as for G2 and treated with SB1XT; and G7- demineralized as for G2, 

treated 0.3M EDC followed by SB1XT application. The adhesive was extracted from 

each dentin-treated powder with 1 mL of acetone, centrifuged (20,800G for 20 min), 

re-suspended in acetone and re-centrifuged two more times to remove the 

unpolymerized comonomers (Mazzoni et al., 2012). 

Dentin powder aliquots were re-suspended in extraction buffer (50 mM 

Tris-HCl pH 6, containing 5 mM CaCl2, 100 mM NaCl, 0.1% Triton X-100, 0.1% 
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nonionic detergent P-40, 0.1 mM ZnCl2, 0.02% NaN3) for 24h at 4°C, sonicated for 

10 min (at ≈ 30 pulses), centrifuged for 20 min at 4°C (20,800G), then the 

supernatant was removed and re-centrifuged. The protein content was further 

concentrated using Vivaspin centrifugal concentrator (10,000 KDa cut off; Vivaspin 

Sartorius Stedim Biotech, Goettingen, Germany) for 30 min at 4ºC (15,000G for 3 

times). Total protein concentration of dentin extracts was determined by Bradford 

assay. Dentin proteins aliquots (60 µg) were diluted in Laemmli sample buffer in a 4:1 

ratio and electrophorezed under non-reducing conditions in 10% sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) containing 1 mg/mL 

fluorescently labeled gelatin. Prestained low-range molecular weight SDS-PAGE 

standards (Bio-Rad, Hercules, CA) were used as molecular-weight markers. After 

electrophoresis, the gels were washed for 1 hour in 2% Triton X-100 then the gels 

were incubated in zymography activation buffer (50 mmol/L Tris-HCl, 5 mmol/L 

CaCl2, pH 7.4) for 48 h. Proteolytic activity was evaluated and registered under long-

wave UV light scanner (ChemiDoc Universal Hood, Bio-Rad). Gelatinases activity in 

the samples were analyzed in duplicate by gelatin zymography. 

Zymographic bands were identified and quantified with Bio-Rad Quantity 

One Software (Bio-Rad). 

 

In situ zymography of the hybrid layer 
Twenty freshly extracted non-carious human third molars were selected 

for the study, after approval by the Ethical Committee of the College of Dental 

Medicine, Georgia Regents University (Augusta, GA, USA). Enamel and cementum 

were removed and 1-mm-thick disks of middle/deep coronal dentin were obtained 

from each tooth by means of a slow-speed saw (Micromet, Remet, Casalecchio di 

Reno, Italy). A standardized smear layer was created with 600-grit wet silicon-carbide 

paper, and dentin was etched for 15 sec with 35% phosphoric-acid gel (3M ESPE, 

St. Paul, MN, USA) and rinsed with continuous water irrigation for 30 sec. Etched 

dentin specimens were then equally divided into four groups and treated as follow. 

Group 1: dentin was pretreated with 0.3M EDC water solution for 1min, the excess 

gently blow off with air then bonded with Optibond FL (OFL; Kerr, Orange, CA, USA); 

Group 2: OFL was applied on untreated etched dentin as per manufacturer 

instructions; Group 3: dentin was pretreated with 0.3M EDC as described in Group 1 

then bonded with Scotchbond 1XT (3M ESPE, St. Paul, MN, USA); G4: SB1XT was 
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applied on untreated etched dentin as per manufacturer instructions. A 1-mm-thick 

flowable composite (Filtek Flow; 3M ESPE) was applied to the resin-bonded disks 

and light-cured for 20 sec with a quartz-tungsten-halogen light- curing unit (Curing 

Light 2500, 3M ESPE). Bonded specimens were then cut vertically into 1-mm-thick 

slabs to expose the adhesive/dentin interfaces by means of a slow-speed saw 

(Micromet) that were glued to glass slides. 

In situ zymography was performed using self-quenched fluorescein-

conjugated gelatin as the MMP substrate (E-12055, Molecular Probes, Eugene, OR, 

USA) in accordance with Mazzoni et al., 2012. In brief, the fluorescent gelatin mixture 

was placed on top of each slab and covered with a coverslip, and the slides were 

light-protected and incubated in humidified chambers at 37°C for 24h. The hydrolysis 

of quenched fluorescein-conjugated gelatin substrate, indicative of endogenous 

gelatinolytic enzyme activity, was assessed by examination under a confocal laser 

scanning microscope (ex: 488nm and em:lp530nm, Nikon A1-R, Japan). Optical 

sections were acquired from different focal planes, and the stacked images were 

analyzed. 

Negative control sections were incubated as described above except that 

(1) 250 mM ethylenediaminetetraacetic acid (EDTA) was dissolved in the mixture of 

quenched fluorescein-conjugated gelatin, (2) 2 mM 1,10-phenanthroline or (3) 

standard non-fluorescent instead of fluorescent-conjugated gelatin was used. 

 

RESULTS 
Zymographic Analysis 

Results of zymographic analysis are shown in Figure 1. Mineralized dentin 

showed the presence of MMP-2 pro- and active-form (72- and 66-kDa, respectively) 

and pro-MMP-9 (95 kDa) and an additional band around 50 kDa (Fig. 1, lane 1). 

Proteins extracted from dentin powder demineralized with 10% phosphoric acid, 

showing similar presence of MMP-2 pro- and active-form and a slight increase in the 

expression of MMP-9 and of the additional band at 50 kDa. (Fig. 1, lane 2). The 

incubation of demineralized dentin with 0.3M EDC resulted in complete inactivation of 

dentinal gelatinases (Fig. 1, lane 3). Demineralized dentin powder treated with OFL 

resulted in enzymatic activation (Fig. 1, lane 4), whereas the pretreatment with EDC 

followed by the application of OFL resulted in complete inactivation of dentinal 

gelatinases (Fig. 1, lane 5). Treatment of demineralized dentin powder with SB1XT 
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resulted in MMP-2 and -9 activation (Fig. 1, lane 6), while pretreatment with 0.3M 

EDC followed by SB1XT resulted in almost complete inhibition of dentinal 

gelatinases, although a band of approximately 66 kDa corresponding to MMP-2 

active-form was still recorded (Fig. 1, lane 7). 

Control zymograms incubated with 5 mM EDTA or 2 mM 1,10-

phenanthroline showed no enzymatic activity (data not shown). 

 
Figure 1. Zymographic analysis of proteins extracted from dentin powder 

and densitometric evaluation of bands expressed as percentage increase/decrease 

of MMPs activity among the different treatment groups compared with mineralized 

dentin (considered as baseline). Std: Standards (Std) are reported in lane Std. Lane 

1: Mineralized dentin showing the presence of MMP-2 pro- and active-form (72- and 

66-kDa, respectively) and pro-MMP-9 (95 kDa) and an additional band around 50 

kDa. Lane 2: Proteins extracted from dentin powder demineralized with 10% 

phosphoric acid, showing similar presence of MMP-2 pro-form and an increase in the 
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expression of pro-MMP-9, MMP-2 active-form, and of the additional band at 50 kDa. 

Lane 3: Demineralized dentin powder after incubation with 0.3M EDC showing 

complete inactivation of dentinal MMPs. Lane 4: Demineralized dentin powder 

treated with Optibond FL (OFL) showing enzymatic activation of both MMP-2 and -9 

and of the additional band at approx. 50 kDa. Lane 5: Proteins extracted from 

demineralized dentin powder pre-treated with 0.3M EDC followed by OFL application 

showing complete inactivation of dentinal gelatinases. Lane 6: Demineralized dentin 

powder treated with Adper Scotchbond 1 XT (SB1XT) showing enzymatic activation 

of both MMP-2 and -9 and of the additional band at approx. 50 kDa. Lane 7: Proteins 

extracted from demineralized dentin powder pre-treated with 0.3M EDC followed by 

SB1XT application showing reduced activation of MMP-9, MMP-2, and of the 50-kDa 

band, and presence of the MMP-2 intermediate form compared with lane 6. 

 

In situ zymography of the hybrid layer 
For control specimens bonded with OFL and SB1XT, the in situ 

zymography revealed an intense green fluorescence within the HL after incubation, 

indicating that the fluorescein-conjugated gelatin was strongly hydrolyzed at these 

sites (Fig. 2a-b; 3a-b, respectively). The overlay image activity was very intense 

within the dentinal tubules and at the bottom of the HL (Fig. 4a-c, respectively), 

representing the partially demineralized, poorly resin-infiltrated collagen matrix. 

Hybrid layers created by either OFL or SB1XT that were pre-treated with 

0.3M EDC-containing primer exhibited almost no fluorescence signal at the 

adhesive/dentin interface (Fig. 2c-d; 3c-d; Fig. 4b-d, respectively). 

Figure 4 shows the in situ zymography in 3-D that is, multiple images that 

were stacked together to provide information regarding depth of gelatynolitic activity. 

Figures 4a and 4b are untreated control specimens bonded with OFL and SB1XT, 

respectively. Figures 4c and 4d are the experimental specimens treated with 0.3M 

EDC for 1 min immediately after acid-etching before bonding systems. There is 

clearly much less gelatynolityc activity in EDC treated specimens. 

No fluorescence was detected in negative controls, i.e. (1) EDTA-treated, 

(2) 2 mM 1,10-phenanthroline-treated or (3) specimens incubated with standard non-

fluorescent gelatin (data not shown). 
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Figure 2. Resin-bonded dentin interfaces prepared with Optibond FL 

(OFL) with or without EDC pre-treatment, incubated with quenched fluorescein-

labeled gelatin. D = Dentin; HL = Hybrid Layer; R = Resin Composite; bar = 5 µm. (a) 

Acquired image in green channel, showing fluorescence within the HL created with 

OFL. (b) Image of OFL without EDC pre-treatment, obtained by merging differential 

interference contrast image (showing the optical density of the resin dentin interface) 

and image acquired in green channel (showing enzymatic activity). (c) Image 

acquired in green channel of hybrid layer created with OFL applied to acid-etched 

dentin pre-treated with EDC showing absence of fluorescence. (d) Image of HL 

created with OFL after EDC pre-treatment obtained by merging differential 

interference contrast image and image acquired in green channel. 

 

 
Figure 3. Resin-bonded dentin interfaces prepared with Adper Scotchbond 
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1 XT (SB1XT) with or without EDC pre-treatment, incubated with quenched 

fluorescein-labeled gelatin. D = Dentin; HL = Hybrid Layer; R = Resin Composite; bar 

= 5 µm. (a) Image acquired in green channel, showing fluorescence (identifying 

intense endogenous enzymatic activity) in dentinal tubules and within the hybrid layer 

(HL) created with SB1XT without EDC pre-treatment. (b) Image of SB1XT without 

EDC pre-treatment, obtained by merging differential interference contrast image 

(showing the optical density of the resin dentin interface) and image acquired in 

green channel (showing enzymatic activity). (c) Image acquired in green channel of 

hybrid layer created with SB1XT applied to acid-etched dentin pre-treated with EDC 

showing absence of fluorescence. (d) Image of HL created with SB1XT after EDC 

pre-treatment obtained by merging differential interference contrast image and image 

acquired in green channel. 

 

 
Figure 4. Three-dimensional surface-shaded reconstruction of the 

acquired images. Optibond FL (OFL) and Adper Scotchbond 1 XT (SB1XT) 3D 
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reconstructions showing intense fluorescence (evidence of gelatin hydrolysis due to 

endogenous proteases), throughout the hybrid layer (a and b, respectively), while 

reduced fluorescence was recorded when OFL and SB1XT were applied to 0.3M 

EDC pre-treated dentin (c and d, respectively). 

 
DISCUSSION 

The results of this study showed that the application of OFL and SB1XT to 

control untreated dentin resulted in activation of MMP-2 and -9 activities, while the 

use of a 0.3M EDC primer before the bonding procedure produced complete 

inactivation of dentinal gelatinases for both adhesives, these results require 

acceptance of both the null hypothesis. 

Dentin collagen is strengthened by native inter- and intramolecular cross-

links, which increase its resistance to thermal denaturing and enzymatic degradation 

(Kuboki & Mechanic, 1982; Liu et al., 2011). Using collagen cross-linkers increases 

the longevity of resin-dentin bonds (Bedran-Russo et al., 2010, Cova et al., 2011, 

Mazzoni et al., 2013b). However, since dentin collagen is already highly cross-linked, 

doubts were raised regarding the ability of cross-linking agents to increase the 

durability of resin-dentin bonds in clinically-relevant treatments (Liu et al., 2011). 

Cross-linkers, in fact, have been reported to posses also the ability to inactivate 

MMPs and reduce their collagenolytic activity (Calero et al., 2002; Matchett et al., 

2005, Cova et al., 2011; Tezvergil-Mutluay et al., 2012; Mazzoni et al., 2013b). The 

results of the present study confirm these previous findings, since gelatin 

zymography of proteins extracted from dentin powder revealed the presence of 

MMP-2 and -9, while treatment with 0.3M EDC result in complete inactivation of 

dentinal gelatinases (Fig.1). 

EDC contains a functional group with the formula RN=C=NR. The 

carbodiimide reacts with ionized carboxyl groups in proteins to form an O-acylisourea 

intermediate. This intermediate reacts with a nonproteinated amino group and an 

adjacent protein chain to form a stable covalent amide bond between the two 

proteins, with the only product being urea. It is considered one of the least cytotoxic 

cross-linkers and these cross-links are very stable (Tjäderhane et al., 2012). The 

proposed mechanism to explain MMPs inactivation by cross-linkers is based on 

conformational changes in the enzyme 3-D structure that may be achieved via 

irreversible changes induced within the catalytic domain or allosteric inhibition of 
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other modular domains that co-participate in collagen degradation (Sela-Passwell et 

al., 2010; Liu et al., 2011). 

Evidence of collagenolytic and gelatinolytic activities in dentin treated with 

dentin bonding agents were previously published confirming the involvement of these 

endoproteases in the disruption of collagen fibrils within hybrid layers being 

responsible for the poor durability of resin-dentin bonds durability over time (Mazzoni 

et al., 2006; Nishitani et al., 2006; Breschi et al., 2008). Interestingly, using gelatin 

zymography in the present study the assessment of effectiveness of EDC as an 

inactivator of MMPs was seen when it was used as a primer before the application of 

OFL and SB1XT. Treatment of demineralized dentin powder with the above 

mentioned etch-and-rinse adhesives resulted in increased MMP-2 and -9 activities 

(Fig. 1), confirming previous findings on the ability of dentin bonding agents to 

increase dentinal proteases activity (Mazzoni et al., 2006; Nishitani et al., 2006; 

Mazzoni et al., 2011, 2012, 2013a). Conversely, when pretreatment of demineralized 

dentin powder with 0.3M EDC before the OFL application was performed, complete 

inactivation of dentinal gelatinases was obtained. Similar inhibitory findings were 

recorded for SB1XT after pre-treatment with the EDC-containing primer, although a 

slight MMP-2 activity was only slightly reduced (Fig. 1). 

Because homogenization of tissues for gelatin zymography is mandatory, 

localization of enzyme activity using this technique was precluded. For this reason 

we additionally performed an in situ zymography technique to obtain precise 

localization of the MMPs activity within the HL created by the tested etch-and-rinse 

adhesives. In situ zymography is, in fact, an adaptation of substrate zymography that 

does not require previous extraction of enzymes from the tissue; hence the analysis 

is made in situ (Mazzoni et al., 2012). Our results showed that this technique allowed 

investigation of the involvement of proteases in HLs activated by OFL and SB1XT. 

Gelatinolytic activity was clearly detectable within the HLs and along the peritubular 

dentin extending from the dentinal tubules. Furthermore, the location of the activity 

well correlates with the demineralized uninfiltrated collagen layer simplified etch-and- 

rinse adhesives at the bottom of the HL, an area also known for nanoleakage 

expression and presence of naked collagen fibrils (Breschi et al., 2008) as well as the 

effectiveness of a 0.3M EDC primer applied before bonding to inactivate the protease 

activity within the HL. 

Based on the results of the present study, our specific aim was to 
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determine the effectiveness of EDC in inactivating dentin MMPs to develop new 

bonding strategies that could extend the durability of resin dentin bonds. In fact, 

although the effects of cross-linking agents on stabilizing dentin matrix degradation 

have been attributed to their capacity to increase the stiffness of dentin collagen, the 

results of the present study support the hypotheses that EDC can also inactivate 

dentinal MMPs activity through direct crosslinking of MMPs. Thus, we believe that the 

use of EDC for 1 min could contribute to the stabilization of the hybrid layers over 

time due to inactivation of endogenous proteases. Future studies are needed to 

support the use of EDC for this purpose in vivo. 
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Discussão 
4 – DISCUSSÃO  

 

De forma geral, os resultados desse estudo reforçam os achados 

relatados na literatura sobre a participação de proteases endógenas na degradação 

da matriz orgânica de dentina por desestruturação de suas fibrilas de colágeno 

(Hashimoto et al., 2003; Pashley et al., 2004; Hebling et al., 2005; Armstrong et al., 

2006; Mazzoni et al., 2006; Nishitani et al., 2006; Carrilho et al., 2007a,b), uma vez 

que foi possível detectar a atividade das enzimas pelo método da zimografia 

gelatinosa, zimografia in situ e teste de atividade enzimático específico em diferentes 

situações como após a ativação ácida e/ou após exposição a sistemas adesivos.   

 Para a análise tanto da presença quanto da atividade de proteases no 

tecido dentinário, são propostos vários métodos onde geralmente é necessária a 

extração de enzimas da dentina através da desmineralização deste substrato. O uso 

de soluções de baixo pH seria responsável tanto pela exposição das enzimas, que 

antes estavam presas na matriz mineralizada, quanto pela ativação das mesmas 

enzimas após a desmineralização. No entanto a possível influência das soluções 

empregadas sobre a atividade e/ou estrutura das proteases extraídas por esses 

protocolos ainda são desconhecidas. O Capítulo 1 testou várias soluções ácidas 

comumente utilizadas em testes enzimáticos com o intuito de investigar as 

alterações na expressão de MMPs na dentina sadia.  

Foi observado a expressão de MMP-2 na sua forma ativa e inativa em 

ambos os testes realizados (Zimografia gelatinosa e teste de atividade enzimático 

específico) para todos os grupos testados confirmando a presença de MMP-2 na 

dentina. Os ácidos fosfórico 10% e cítrico 10% mostraram maior expressão 

enzimática sendo, portanto, sugeridos como escolha para os testes de análise de 

MMPs dentinárias onde é necessária a maior extração de proteínas possível para 

submeter aos testes enzimáticos.  

Os estudos aqui apresentados trataram dentina com adesivos de 

condicionamento total (Capítulo 3) e adesivos autocondicionantes (Capítulo 2) e 

ambos apresentaram aumento da atividade enzimática de MMPs confirmando os 

achados prévios (Nishitani et al., 2006; Mazzoni et al., 2006, 2011a,b, 2012, 2013). 
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Os monômeros constituintes dos sistemas adesivos sejam eles etch-and-rinse ou 

self-etch, por sua característica ácida são considerados promotores da ativação de 

enzimas endógenas da matriz dentinária responsáveis pela degradação do colágeno 

(Mazzoni et al., 2006; Nishitani et al., 2006b; Moon et al., 2010). Portanto, os 

monômeros dos sistemas adesivos podem agir sinergicamente ao ácido fosfórico na 

ativação de proteases da matriz. 

O trabalho também testou um novo inibidor de MMPs dentinárias, o EDC, 

mostrando bons resultados como um pré-tratamento dentinário na aplicação dos 

adesivos testados (Capítulo3). EDC é uma carbodiamida capaz de se ligar a cadeia 

peptídica das MMPs, inativando as enzimas através da redução da mobilidade 

molecular do sitio catalítico dessas enzimas (Liu et al., 2011). Além disso, MMPs-2, -

8, -9 e -20 contém ácido glutâmico no seu sítio ativo permitindo que o EDC ative 

estes grupos carboxílicos livres não envolvidos na ligação peptídica (Ogel et al., 

2006; Perumal et al., 2008).  O mecanismo de inibição com uso dos agentes de 

ligação cruzada é baseado em mudança da conformação 3D da enzima que altera o 

sítio catalítico ou inibe outros sítios moduladores que pode co-participar da 

degradação do colágeno (Sela-Passwell et al., 2010; Liu et al., 2011). 

Estudos mostram que o uso de agentes de ligação cruzada aumentou a 

longevidade da união resina-dentina (Bedran-Russo et al., 2010, Cova et al., 2011, 

Mazzoni et al., 2013) possuindo também uma atividade inibitória das MMPs 

dentinárias (Calero et al., 2002; Matchett et al., 2005, Cova et al., 2011; Tezvergil-

Mutluay et al., 2012; Mazzoni et al., 2013). Os resultados do presente estudo 

confirmam os achados prévios, já que tanto a zimografia gelatinosa quanto a 

zimografia in situ mostraram completa inativação das gelatinases dentinárias quando 

tratados com EDC a 0.3M.    

A avaliação da atividade de MMPs através de zimografia gelatinosa é 

uma técnica extremamente sensível usado principalmente para a detecção de MMP-

2 e -9 (Snoek-van Beurden & Von den Hoff, 2005) sendo atualmente um dos 

métodos mais usados na literatura (De Munck et al., 2009; Breschi et al., 2010; 

Mazzoni et al., 2007, 2011b, 2012, 2013). No entanto para a obtenção das amostras 

é necessário a pulverização e homogeneização da dentina e o tratamento deste 

substrato não pode seguir o descrito nas orientações de uso do fabricante ou 

reproduzir as condições clínicas de uso. Para suprir estas falhas adicionamos o teste 

de zimografia in situ que avalia a atividade colagenolítica na dentina sem destruir a 
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amostra para observar a interação na interface de união. Após a confecção das 

amostras, imagens foram obtidas por microscopia confocal permitindo identificar 

diferenças significativas na intensidade do fluoróforo utilizado para mostrar a 

atividade das proteases dentinárias após o conjugado gelatina-fluoróforo ter sido 

hidrolisado. Com esse tipo de microscopia é possível observar a fluorescência em 3 

dimensões garantindo uma segurança maior para os achados. 

Nos capítulos 2 e 3 desta tese foi possível observar uma maior atividade 

enzimática nas zonas de desmineralização e não encapsulamento do colágeno 

exposto, como na base da camada híbrida, onde há um maior sinal de fluorescência. 

Esta área é também conhecida pela zona de nanoinfiltração e presença de fibras de 

colágeno desprotegidas (Breschi et al., 2008) que estão susceptíveis à degradação. 

Essa atividade esteve presente tanto nos grupos tratados com adesivos de 

condicionamento total quanto com autocondicionante e ausente após tratamento 

com agentes de ligação cruzada confirmando mais uma vez que a interface de união 

criada pelos adesivos dentinários atuais, mesmo em condições de ideais de 

aplicação, como controle de umidade e contaminação, estão susceptíveis à 

degradação das enzimas dentinárias. 

Os achados desta tese colaboraram com uma melhor análise da atividade 

enzimática da dentina quando exposta a soluções ácidas, sistemas adesivos e 

inibidores enzimáticos. Pôde-se observar que a formação da camada híbrida, 

independente da estratégia de união utilizada está susceptível à degradação da 

porção orgânica pelas MMPs e que o uso de inibidores de proteases pode ser 

considerado como um método auxiliar importante na inativação destas enzimas 

garantindo uma maior longevidade da restauração.  
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Conclusão 
5- CONCLUSÃO 

 
Com base nos resultados desta tese, pode-se concluir que:  

 

I. Substâncias com baixo pH são capazes de ativar a MMP-2 dentinária 

com intensidade diferente. Sendo, entre os ácidos testados, o mais indicado para 

testes enzimáticos da atividade de MMPs, o ácido fosfórico 10% e o ácido cítrico 

10%. 

   

 II. O uso do sistema adesivo de passo único testado foi capaz de ativar 

as MMPs sendo a zona de maior concentração de atividade enzimática localizada 

onde há o desnudamento das fibras de colágeno.  

   

 III. Embora os efeitos dos agente de ligação cruzada sejam atribuídos a 

sua capacidade de aumentar a rigidez das fibras de colágeno, o pré-tratamento com 

EDC pode também inativar a atividade enzimática através de ligação com as MMPs 
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Anexos  

Anexo 1 – Normas de publicação do Periódico Journal of Adhesive Dentistry.  
The Journal of Adhesive Dentistry is a bi-monthly journal that publishes 

scientifically sound articles of interest to practitioners and researchers in the field of 

adhesion to hard and soft dental tissues. The Journal publishes several types of 

peer-reviewed original articles: 

1. Clinical and basic science research reports – based on original research in 

adhesive dentistry and related topics. 

2. Reviews topics – on topics related to adhesive dentistry 

3. Short communications – of original research in ad- hesive dentistry and related 

topics. Max. 4 printed pages, including figures and references (max. characters 

18,000). High priority will be given to the review of these papers to speed publication. 

4a.Invited focus articles – presenting a position or hypothesis on a basic science or 

clinical subject of relevant related topics. These articles are not intended for the 

presentation of original results, and the authors of the articles are selected by the 

Editorial Board. 

4b.Invited commentaries – critiquing a focus article by addressing the strong and 

weak points of the focus article. These are selected by the Editorial Board in 

consultation with the focus article author, and the focus article and the commentaries 

on it are published in sequence in the same issue of the Journal. 

5. Invited guest editorials – may periodically be solicited by the Editorial Board. 

6. Proceedings of symposia, workshops, or conferences – covering topics of 

relevance to adhesive dentistry and related topics. 

7. Letters to the Editor – may be submitted to the editor-in-chief; these should 

normally be no more than 500 words in length. 

 

SUBMISSION INSTRUCTIONS 

Submission of manuscripts in order of preference: 

1. Submission via online submission service (www.manuscriptmanager.com/jadd). 

Manuscript texts should be uploaded as PC-word files with tables and figures 

preferably embedded within the PC-word document. A broad range of file formats are 

acceptable. No paper version required but high resolution photographs or illustrations 
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should be sent to the editorial office (see below). Online submissions are 

automatically uploaded into the editorial office’s reviewer assignment schedule and 

are therefore processed immediately upon upload. 

2. Submission via e-mail as a PC-word document (wintonowycz@quintessenz.de). 

Illustrations can be attached in any format that can be opened using Adobe 

Photoshop, (TIF, GIF, JPG, PSD, EPS etc.) or as Microsoft PowerPoint Documents 

(ppt). No paper version required but high resolution photographs or illustrations 

should be sent to the editorial office. 

3. One paper copy of the manuscript plus a floppy diskette or CD-ROM (mandatory) 

containing a PC- word file of the manuscript text, tables and legends. Figures should 

be included on the disk if possible in any format that can to be opened using Adobe 

Photoshop, (TIf, GIf, JPG, PSD, EPS etc.) or as a Microsoft PowerPoint Document 

(ppt) 

Mailing address: 

Quintessenz Verlags-GmbH, Karin Wintonowycz The Journal of Adhesive Dentistry, 

Ifenpfad 2-4, D–12107 Berlin, Germany 

Illustrations that cannot be sent electronically will be scanned at the editorial office so 

that they can be sent to reviewers via e-mail along with the manuscript to expedite 

the evaluation process. 

Resubmitted manuscripts should also be submitted in the above manner. Please 

note that supplying electronic versions of your tables and illustrations upon 

resubmission will assure a faster publication time if the manuscript is accepted. 

Review/editing of manuscripts. Manuscripts will be reviewed by the editor-in-chief 

and at least two reviewers with expertise within the scope of the article. The publisher 

reserves the right to edit accepted manuscripts to fit the space available and to 

ensure conciseness, clarity, and stylistic consistency, subject to the author’s final 

approval. Adherence to guidelines. Manuscripts that are not pre- pared in 

accordance with these guidelines will be returned to the author before review. 

 

MANUSCRIPT PREPARATION 

• The Journal will follow as much as possible the recommendations of the 

International Committee of Medical Journal Editors (Vancouver Group) in regard to 

preparation of manuscripts and authorship (Uniform requirements for manuscripts 

submitted to biomedical journals. Ann Intern Med 1997;126: 36-47). 
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• Title page. The first page should include the title of the article (descriptive but as 

concise as possible) and the name, degrees, job title, professional affiliation, 

contribution to the paper (e.g., idea, hypothesis, experimental design, performed the 

experiments in partial fulfillment of requirements for a degree, wrote the manuscript, 

proofread the manuscript, performed a certain test, consulted on and performed 

statistical evaluation, contributed substantially to discussion, etc.) and full address of 

all authors. Phone, fax, and e-mail address must also be provided for the 

corresponding author, who will be assumed to be the first listed author unless 

otherwise noted. If the paper was presented before an organized group, the name of 

the organization, location, and date should be included. 

• 3-8 keywords. 

• Structured abstract. Include a maximum 250-word 

structured abstract (with headings Purpose, Materials 

and Methods, Results, Conclusion). 

• Introduction. Summarize the rationale and purpose 

of the study, giving only pertinent references. Clearly 

state the working hypothesis. 

• Materials and Methods. Present materials and 

methods in sufficient detail to allow confirmation of the observations. Published 

methods should be referenced and discussed only briefly, unless modifications have 

been made. Indicate the statistical methods used, if applicable. 

• Results. Present results in a logical sequence in the text, tables, and illustrations. 

Do not repeat in the text all the data in the tables or illustrations; emphasize only 

important observations. 

• Discussion. Emphasize the new and important aspects of the study and the 

conclusions that follow from them. Do not repeat in detail data or other material given 

in the Introduction or Results section. Relate observations to other relevant studies 

and point out the implications of the findings and their limitations. 

• Acknowledgments. Acknowledge persons who have made substantive contributions 

to the study. Specify grant or other financial support, citing the name of the 

supporting organization and grant number. 

• Abbreviations. The full term for which an abbreviation stands should precede its first 

use in the text unless it is a standard unit of measurement. 
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• Trade names. Generic terms are to be used whenever possible, but trade names 

and manufacturer should be included parenthetically at first mention. 

• Clinical Relevance. Please include a very brief (2 sentences or 3 lines) clinical 

relevance statement. 

 

REFERENCES 

of a book, also include title of the chapter and names of the book‘s editor(s). 

Journal reference style: 

1. Turp JC, Kowalski CJ, Stohler CS. Treatment- seeking patters of facial pain 

patients: Many possibilities, limited satisfaction. J Orofacial Pain 1998;12:61-66. 

Book reference style: 

1. Hannam AG, Langenbach GEJ, Peck CC. Computer simulations of jaw 

biomechanics. In: McNeill C (ed). Science and Practice of Occlusion. Chicago: 

Quintessence, 1997:187-194. 

 

ILLUSTRATIONS 

• All illustrations must be numbered and cited in the text in order of appearance. 

• Submitted figures should meet the following minimum requirements: 

– High-resolution images should have a width of 

83 mm and 300 dpi (for column size). 

– Graphics (bar diagrams, schematic representations, 

drawings) wherever possible should be produced in 

Adobe Illustrator and saved as AI or EPS files. 

– All figures and graphics should be separate files – 

not embedded in Word or Power Point documents. 

Upon article acceptance, high-resolution digital image files must be sent via one of 

the following ways: 

1. As an e-mail attachment, if the files are not excessively 

large (not more than 10 MB), to our production 

department: Steinbrueck@quintessenz.de 

2. Online File Exchange Tool: Please send your figures with our Online File 

Exchange Tool. This web tool allows you to upload large files (< 350.0 MB) to our 

server. Please archive your figures with a maximum size of 350 MB first. Then 
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upload these archives with the following link: http://files.qvnet.de/JAD/, password: 

IAAD. Please name the archive with your name and 

article number so we can identify the figures. 

Line drawings–Figures, charts, and graphs should be professionally drawn and 

lettered large enough to be read after reduction. Good-quality computer-generated 

laser prints are acceptable (no photocopies); also provide electronic files (eps, ai) if 

possible. Lines within graphs should be of a single weight unless special emphasis is 

needed. 

Legends–Figure legends should be grouped on a sep- arate sheet and typed double-

spaced. 

 

TABLES 

• Each table should be logically organized, on a separate sheet, and numbered 

consecutively. 

• The title and footnotes should be typed on the same sheet as the table. 

 

MANDATORY SUBMISSION FORM 

The Mandatory Submission Form, signed by all authors, must accompany all 

submitted 

manuscripts before they can be reviewed for publication. Electronic submission: scan 

the signed form and submit as JPG or TIF file. 

 

PERMISSIONS & WAIVERS 

• Permission of author and publisher must be obtained for the direct use of material 

(text, photos, drawings) under copyright that does not belong to the author. 

• Waivers must be obtained for photographs showing persons. When such waivers 

are not supplied, faces will be masked to prevent identification. For clinical studies 

the approval of the ethics committee must be presented. 

 

PAGE CHARGE 

The first 8 printed pages in an article are free of charge. For excess pages, the 

charge is €140 per printed page. The approximate number of characters on a printed 

page is approximately 6,800. Please also consider the number and size of 

illustrations. 
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All references must be cited in the text, according to the alphabetical and numerical 

reference list. 

The reference list should appear at the end of the article, in alphabetical and 

numerical sequence. 

Do not include unpublished data or personal com- munications in the reference list. 

Cite such references parenthetically in the text and include a date. 

Avoid using abstracts as references. 

Provide complete information for each reference, including names of all authors. If 

the reference is part 

 

Anexo 2 – Normas de publicação do Periódico European Journal of Oral 
Sciences.  
1. GENERAL 

The European Journal of Oral Sciences is an international non-profit journal 

which publishes original research papers within clinical dentistry, on all basic science 

aspects of structure, chemistry, developmental biology, physiology and pathology of 

relevant tissues, as well as on microbiology, biomaterials, and the behavioral 

sciences as they relate to dentistry. In general, analytical studies with a scientific 

novelty value are preferred to descriptive ones. Reviews, Focus Articles, Short 

Communications and Letters to the Editor will also be considered for publication. 

Please read the instructions below carefully for details on the submission of 

manuscripts, the journal's requirements and standards, as well as information 

concerning the procedure after a manuscript has been accepted for publication in the 

European Journal of Oral Sciences. Authors are encouraged to visit Wiley-Blackwell 

Author Services for further information on the preparation and submission of articles 

and figures. 

It is expected that all manuscripts submitted to the European Journal of Oral 

Sciences should follow journal format as described in the Author Guidelines and as 

displayed in recent issues of the Journal. Failure to do so reflects negatively on the 

work itself and may be a cause for immediate rejection of a manuscript. 

 

2. ETHICAL GUIDELINES 

The European Journal of Oral Sciences adheres to the below ethical 

guidelines for publication and research. 
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2.1. Authorship and Acknowledgements 

Authors submitting a paper do so on the understanding that the manuscript 

has been read and approved by all authors, and that all authors agree to the 

submission of the manuscript to the Journal.  

 

The European Journal of Oral Sciences adheres to the definition of authorship 

set up by The International Committee of Medical Journal Editors (ICMJE). According 

to the ICMJE, authorship criteria should be based on 1) substantial contributions to 

conception and design, or acquisition of data, or analysis and interpretation of data; 

2) drafting the article or revising it critically for important intellectual content; and 3) 

final approval of the version to be published. Authors should meet conditions 1, 2 and 

3. 

It is a requirement that all authors have been accredited as appropriate upon 

submission of the manuscript. Contributors who do not qualify as authors should be 

mentioned in the Acknowledgements. 

 

2.2. Ethical Approvals 

Experimentation involving human subjects will only be published if such 

research has been conducted in full accordance with ethical principles, including the 

World Medical Association Declaration of Helsinki and the additional requirements, if 

any, of the country where the research has been carried out. Manuscripts must be 

accompanied by a statement that the experiments were undertaken with the 

understanding and written consent of each subject and according to the above 

mentioned principles. 

Animal experiments should be carried out in accordance with the guidelines 

laid down by the National Institute of Health (NIH) in the USA regarding the care and 

use of animals for experimental procedures or with the European Communities 

Council Directive of 24 November 1986 (86/609/EEC) and in accordance with local 

laws and regulations. 

All studies using human or animal subjects should include an explicit 

statement in the Material and Methods section that the study has been independently 

reviewed and approved by an ethical board, identifying the review and ethics 

committee for each study. Editors reserve the right to reject papers if there is doubt 

as to whether appropriate procedures have been used. 
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2.3 Clinical Trials 

Clinical trials should be reported using the CONSORT guidelines available at 

www.consort-statement.org. A CONSORT checklist should also be included in the 

submission material. 

 

The European Journal of Oral Sciences encourages authors submitting 

manuscripts reporting from a clinical trial to register the trials in any of the following 

free public clinical trials registries: www.clinicaltrials.gov/, 

http://clinicaltrials.ifpma.org/clinicaltrials/, http://isrctn.org/. The clinical trial 

registration number and name of the trial register will then be published with the 

paper. 

 

2.4 DNA Sequences and Materials Requests 

If a manuscript describes original nucleotide/amino acid sequence data, these 

should be submitted to GenBank by the authors and the accession numbers included 

in the manuscript. Authors of papers published in the Journal are obliged to honor 

any reasonable request by qualified investigators for unique propagative materials, 

such as cell lines, hybridomas, DNA clones and antibodies that are described in the 

paper. 

 

2.5 Conflict of Interest 

Authors are required to disclose any possible conflict of interest. These 

include financial issues (for example patent, ownership, stock ownership, 

consultancies, speaker’s fee). Author’s conflict of interest should be included under 

Acknowledgements. 

 

2.6 Permissions 

If all or parts of previously published illustrations are used, permission must be 

obtained from the copyright holder concerned. It is the author's responsibility to 

obtain these in writing and provide copies to the Publishers. 

 

2.7 Copyright Transfer Agreement 
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Upon acceptance of a manuscript, 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. Your 

article cannot be published until this has been done. 

 

2.8 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 License 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 or 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. 

OnlineOpen is fully compliant with open access mandates – meeting the 

requirements of funding organizations where these apply, including but not limited to: 

Research Councils UK: MRC, BBSRC, AHRC, ESRC, EPSRC, NERC, STFC 

The Wellcome Trust 

Austrian Science Fund 

Telethon Italy 

NIH 

The Howard Hughes Medical Institute (HHMI) 

 

3. MANUSCRIPT SUBMISSION PROCEDURE 
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Manuscripts should be submitted electronically via the online submission site 

linked through the journal home page. The use of an online submission and peer 

review site enables immediate distribution of manuscripts and consequently speeds 

up the review process. It also allows authors to track the status of their own 

manuscripts. Complete instructions for submitting a paper is available online and 

below. 

 

3.1. Getting Started 

• Launch your web browser (supported browsers include Internet Explorer 5.5 or 

higher, Firefox 1.0.4 or higher or Safari 1.2.4) and go to the journal home page. Click 

on 'Submit an Article'. 

• Log-in or, if you are a new user click on 'register here'. 

• If you are registering as a new user. 

- After clicking on “Register here”, enter your name and e-mail information and click 

“Next”. Your e-mail information is very important. 

- Enter your institution and address information as appropriate, and then click “Next.” 

- Enter a user ID and password of your choice (we recommend using your e-mail 

address as your user ID), and then select your area of expertise. Click “Finish”. 

• The Journal strongly advises the use of professional mail and e-mail addresses 

rather than residential ones, both in accounts as well as in manuscripts. 

• If you are registered, but have forgotten your log in details, enter your e-mail 

address under 'Password Help'. The system will send you an automatic user ID and 

a new temporary password. 

•  Log in and select “Corresponding Author Center”. 

 

3.2. Submitting Your Manuscript 

• After you have logged in to your 'Corresponding Author Center', you may submit a 

manuscript by clicking the submission link under 'Author Resources'. 

• Enter data and answer questions as appropriate. You may copy and paste directly 

from your manuscript, and you may upload your pre-prepared covering letter. 

• Click the “Next” button on each screen to save your work and advance to the next 

screen. 

• You are required to upload your files. 

- Click on the “Browse” button and locate the file on your computer. 
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- Select the designation of each file in the drop down next to the Browse button. 

- When you have selected all files you wish to upload, click the “Upload Files” button. 

• Be sure to upload a complete manuscript with all pages and sections as specified 

under 5.2 (below). It is of importance that a manuscript is adapted to journal format. 

• Before uploading a manuscript, you must turn off Word’s automatic function for 

tracking of changes in the text. The uploaded manuscript should not display any 

track-changes. 

• Review your submission (in HTML and PDF format) before completing your 

submission by sending to the Journal. Click the 'Submit' button when you are finished 

reviewing. 

 

3.3. Manuscript Files Accepted 

Manuscripts should be uploaded as Word (.doc) or Rich Text Format (.rft) files 

(not write-protected).  Illustrations/Figures should be uploaded separately as TIFF, 

EPS, GIF, JPEG, PICT or Bitmap files. Do not embed illustrations in a .doc file and 

do not use PowerPoint. However, only high-resolution TIFF or EPS files are suitable 

for printing if the manuscript is accepted for publication. The files will be automatically 

converted to HTML and PDF on upload and will be used for the review process. The 

text file must contain the entire manuscript including title page, abstract page, text, 

references, tables, and figure legends, but no embedded figures. In the text, please 

reference any figures as “Figure 1”, “Figure 2” etc to match the Tag name you 

choose for all individual figure files uploaded. Tables may also be uploaded 

separately. Manuscripts should be formatted as described below. Please note that 

any manuscripts uploaded as Word 2007 (.docx) will be automatically rejected, 

implying that any .docx file should be saved as .doc before uploading. 

 

3.4. Suspension of Submission Mid-way in the Submission Process 

You may suspend a submission at any phase before clicking the 'Submit' 

button and save it to make the final submission later. The manuscript can then be 

located under 'Unsubmitted Manuscripts' and you can click on 'Continue Submission' 

to continue your submission when you choose to. 

 

3.5. E-mail Confirmation of Submission 
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After submission you will receive an e-mail to confirm receipt of your 

manuscript. If you do not receive the confirmation e-mail after 24 hours, please check 

your e-mail address carefully in the system. If the e-mail address is correct please 

contact your IT department. The error may be caused by some sort of spam filtering 

on your e-mail server. Also, the e-mail should be received if the IT department adds 

our e-mail server (uranus.scholarone.com) to their whitelist. 

 

3.6. Editorial Processing 

After a first editorial screening, manuscripts will be forwarded to one of the 

Journal’s Editors for further scientific evaluation and processing. Thus, queries and 

comments concerning a specific manuscript should primarily be directed to the 

managing Editor.  Manuscripts submitted to the European Journal of Oral Sciences 

will be reviewed by two or more experts in the field. The European Journal of Oral 

Sciences uses single blinded review. The names of the reviewers will thus not be 

disclosed to the author submitting a paper. 

 

3.7. Manuscript Status 

You can access ScholarOne Manuscripts (formerly known as Manuscript 

Central) any time to check your 'Author Centre' for the status of your manuscript. The 

Journal will inform you by e-mail once a decision has been made. 

 

3.8. Submission of Revised Manuscripts 

To upload a revised manuscript, please locate your manuscript under 

'Manuscripts with Decisions' and click on 'Submit a Revision'. You should be careful 

not to upload the revised version under a new manuscript number as if it were 

another article. Be sure to use the earlier manuscript number (which will then get an 

R addendum). Please remember to delete any old files uploaded when you upload 

your revised manuscript. Do not forget to submit an accompanying letter with 

itemized answers to all questions and remarks made by the reviewers and the Editor. 

 

4. MANUSCRIPT TYPES ACCEPTED 

Original Articles: An original article should comprise a conclusive, full-length 

scientific investigation. It should describe the rationale behind the study, the materials 
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and methods used, and the results obtained. There should also be a discussion of 

the implications of the results as well as a list of literature references cited. 

Scientific studies investigate phenomena and acquire new knowledge – or 

correct or integrate previous knowledge. They are based on the collection of data 

through observation and experimentation, and subject to specific principles of 

reasoning. The European Journal of Oral Sciences gives priority to analytical articles, 

investigating why and how something occurred rather than reporting empirical 

observations. 

 

Review Articles: May be invited by the Editors. Proposals for such articles 

should be discussed with the appropriate Editor prior to preparation and submission. 

Review articles comprise attempts to synthesize the existing literature pertaining to a 

specific scientific question using methods and principles of reasoning that are as 

transparent as possible. It follows that systematic reviews are preferred over more 

narrative reviews. Review articles will be subjected to peer review. 

Focus Articles: May be invited by the Editors. Proposals for such articles 

should be discussed with the appropriate Editor prior to preparation and submission. 

Focus articles may build on the same principles as the Review article, but are usually 

shorter and aim at stimulating a broader scientific discussion by ‘contesting 

conventional wisdom’ and  allowing the author(s) to argue a specific point pertaining 

to a matter of current scientific importance. Focus articles will be subjected to peer 

review. 

Short Communications: Short communications should aim at being no longer 

than two printed pages. They should contain important, new, definitive information of 

sufficient significance to warrant publication. Short communications need not follow 

the usual division into Material and methods etc. but should have a short Abstract. 

Extra issues: Congress proceedings, larger papers or monographs may be 

published as Supplements or Part II issues, the full cost being paid by the congress 

organizer or similar. A condition is that the proposed extra issue is deemed to have a 

significant scientific value. In some cases, the Journal will partly fund extra issues; 

this is at the discretion of the Editor-in-Chief. Further information may be obtained 

from the Editor-in-Chief. 

 

5. MANUSCRIPT FORMAT AND STRUCTURE 
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It is expected that all manuscripts submitted to the European Journal of Oral 

Sciences should follow journal format as described in the Author Guidelines and as 

displayed in recent issues of the Journal. Failure to do so reflects negatively on the 

work itself and may be a cause for immediate revision or even rejection of a 

manuscript. 

 

5.1. Format 

Language: The language of publication is English. Authors whose native 

language is not English are strongly advised to obtain assistance from someone 

proficient in scientific English. Manuscripts not submitted in the proper format or in 

poor English may be returned without review.  A list of independent suppliers of 

editing services can be found at 

http://authorservices.wiley.com/bauthor/english_language.asp. All services are paid 

for and arranged by the author, and use of one of these services does not guarantee 

acceptance or preference for publication.  

Abbreviations, Symbols and Nomenclature: Correct unit abbreviations should 

be used. Examples include ‘‘yr’’, ‘‘wk’’, ‘‘d’’, ‘‘h’’, ‘‘min’’, ‘‘s’’ and ‘‘µm’’ rather than 

‘‘years’’, ‘‘weeks’’, ‘‘days’’, ‘‘hrs’’, ‘‘minutes’’, ‘‘sec’’ and ‘‘µ’’, respectively. For 

abbreviations of physical and chemical units and symbols, designation of isotopically 

labelled compounds, abbreviations which may be used without definition etc., the 

Biochemical Journal web site is a valuable resource. Scientific names of bacteria, 

binomials in italics, must be given in full when first mentioned. Subsequent mention 

may abbreviate genus, taking care that this abbreviation is unambiguous (Staph. or 

Strep. instead of S.). 

 

5.2. Structure 

All manuscripts submitted to the European Journal of Oral Sciences should 

include: Title page, Abstract Page, Introduction, Material and Methods, Results, 

Discussion, Acknowledgments, References, Figure Legends, Tables, and Figures, 

arranged in that order. 

Authors are urged to consult a recent issue of the Journal to be familiar with 

style and format. The whole manuscript should be double-spaced, paginated, and 

submitted in correct English. The beginning of paragraphs should be properly marked 

with an indent. Avoid end-of-line hyphens. 
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Title Page: The title page should contain the following information in the order 

given: 1) the article title; 2) authors’ full names without degrees or titles; 3) authors’ 

institutional affiliations including city and country; 4) a running title, not exceeding 40 

letters and spaces; 5) name, address, telephone, telefax and e-mail address of the 

author responsible for correspondence. The title should be concise but informative, 

include animal species used (if appropriate) and should not include any non-standard 

acronyms or abbreviations. The Journal does not favour titles of an affirmative 

character. 

 

Abstract: A separate abstract page should contain the following: 1) authors’ 

surnames and initials; 2) title of manuscript; 3) the abbreviation Eur J Oral Sci; 4) the 

word Abstract followed by a summary of the complete manuscript; 5) up to five key 

words according to Index Medicus; 6) name, address, telefax and e-mail address of 

the author to whom requests for reprints should be sent. This contact information 

should refer to a professional rather than to a residential/private address. 

The Abstract should give a condensed overview of the study, summarizing its 

background, aim, methodology and results with only few but relevant details, and the 

authors’ principal conclusions. It should be short and concise, without headings and 

not divided into paragraphs, and with a maximum of 200 words. It should not contain 

any non-standard acronyms or abbreviations. 

 

5.3 Main Text of Original Articles 

Material and Methods: Procedures should be described in such a detail as to 

make it possible to repeat the work. Subheadings may be used to improve clarity. 

It is assumed that authors have considered the ethical aspects of their research and 

ensured that the work was approved by an appropriate Ethical Committee. This 

should be stated. In human experimentation, informed consent from individuals must 

have been given. (See above under 2.2) 

Sources of supply of commercial products should be given with the address 

(town, state and country) in parenthesis. 

For an improved quality and transparency, reports of randomized trials must 

conform to the CONSORT guidelines and will be evaluated in light of the 

recommendations in this statement. (See above under 2.3) 
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Since many investigations rely on statistical treatment, authors are advised to consult 

a person with in-depth statistical knowledge. 

If a manuscript describes original nucleotide/amino acid sequence data, these 

should be submitted to GenBank by the authors and the accession numbers included 

in the manuscript. (See above under 2.4) 

Authors of papers published in the Journal are obliged to honor any 

reasonable request by qualified investigators for unique propagative materials, such 

as cell lines, hybridomas, DNA clones and antibodies that are described in the paper. 

 

Results and Discussion: The Results section should clearly and concisely report 

findings, as a rule in the past tense, without subjective comments and reference to 

previous literature. Double documentation of data in text, tables or figures is not 

acceptable. Tables/figures should not include data that can be given in the text in one 

or two sentences. The Discussion section presents the interpretation of the findings; 

this is the only proper section for subjective comments. Authors are strongly urged to 

avoid undue repetition of what has already been reported in Results. For the sake of 

clarity, the Results section may have subheadings; this is usually not the case with 

the Discussion. 

 

Acknowledgements: Under acknowledgements please specify contributors to the 

article other than the authors accredited. This may include recognition of e.g. 

financial support, gifts of research material, assistance with statistics and language. 

Please also include specifications of any potential conflict of interests if appropriate. 

 

Short Communications need not follow the usual division into Material and methods 

etc. but should have a short abstract. 

 

Review and Focus Articles should include a Title page, an Abstract page and a 

Reference list as regular Original Research Articles. Although a Review article 

(particularly following a systematic review) may adhere to the format of the Original 

Research Article, Review and Focus articles need not contain Materials and 

Methods, Results or Discussion sections, and may instead employ other headings as 

relevant for the topic addressed. 
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5.4. References 

Number references consecutively in the order in which they are first 

mentioned in the text. Identify references in texts, tables, and legends by Arabic 

numerals (within parenthesis). Check to ensure that all listed references are cited in 

the text. If an author’s name is mentioned in the text, small capital letters should be 

used. 

Non-refereed material and, if possible, non-English publications should be 

avoided. Congress abstracts, unaccepted papers, unpublished observations, and 

personal communications may not be placed in the Reference list. References to 

‘unpublished findings’ and to ‘personal communication’ (provided explicit consent has 

been given by the sources) may be inserted in parentheses in the text. Unpublished 

articles should be referred to only if proof can be given that they are accepted for 

publication. Copies of such articles may be requested for evaluation of the 

manuscript submitted. 

Authors are urged to study the examples of correct reference formats given 

below. For abbreviations of journals, consult the List of the Journals Indexed in Index 

Medicus. List all authors; do not use et al. in the Reference list. Avoid issue numbers 

in journal articles. Give first and last page of references in full. 

 

Journals 

Standard journal article: 

JERNVALL J, THESLEFF I. Reiterative signaling and patterning during mammalian 

tooth morphogenesis. Mech Dev 2000; 92: 19–29. 

Article in supplement or special issue: 

MUNDY GR. Cellular and molecular regulation of bone turnover. Bone 1999; 24 

(Suppl): 35S–38S. 

Corporate (collective) author: 

WHO COLLABORATING CENTRE FOR ORAL PRECANCEROUS LESIONS. 

Definition of leukoplakia and related lesions: an aid to studies on oral precancer. Oral 

Surg Oral Med Oral Pathol 1978; 46: 518–539. 

Unpublished article: 

FLEISCHMANNOVA J, MATALOVA E, TUCKER AS, SHARPE PT. Mouse models of 

tooth abnormalities. Eur J Oral Sci 2008; 116: in press. 

Books and other monographs: 
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Personal author(s): 

PINDBORG JJ. Atlas of diseases of the oral mucosa, 5th ed. Copenhagen: 

Munksgaard, 1992; 50–66. 

Chapter in book: 

RUCH JV. Tooth morphogenesis and differentiation. In: LINDE A, ed. Dentin and 

dentinogenesis. Vol. I. Boca Raton, FL: CRC Press, 1984; 47–79. 

No author given: 

International statistical classification of diseases and related health problems. 10th 

revision, 2nd Ed, Vol 1. Geneva: World Health Organization, 2005; 550–564. 

 

5.5. Tables, Figures and Figure Legends 

Tables: Tables should be numbered consecutively with Arabic numerals. Each table 

should include a compulsory, concise explanatory title and an explanatory legend. A 

table should be organized with due regard for the proportion of the printed 

column/page. Specifically, tables which are too wide must be avoided, as these have 

to be printed vertically. 

Figure Legends: Include Figure Legends after the reference section of the Main Text. 

Figures: Articles will not be published unless the Figures fulfill journal quality criteria 

in terms of scientific information, general style, legibility of text and numbers, as well 

as electronic format and resolution. Double documentation of data in text, tables or 

figures is not acceptable. Always consider whether data might be better given in the 

text or in a table. All graphs, drawings, and photographs are considered Figures and 

should be numbered in sequence with Arabic numerals. Each figure should have a 

legend (number and list legends after the reference section of the main text). Figures 

should be planned to fit the proportions of the printed page or one column’s width. 

Authors are encouraged to arrange micrographs into multipane 

 

6. Early View 

The European Journal of Oral Sciences is covered by Wiley-Blackwell's Early View 

service. Early View articles are complete full-text articles published online in advance 

of their publication in a printed issue. Articles are therefore available as soon as they 

are ready, rather than having to wait for the next scheduled print issue. Early View 

articles are complete and final. They have been fully reviewed, revised and edited for 

publication, and the authors' final corrections have been incorporated. Because they 
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are in final form, no changes can be made after online publication. The nature of 

Early View articles means that they do not yet have volume, issue or page numbers, 

so Early View articles cannot be cited in the traditional way. They are therefore given 

a Digital Object Identifier (DOI), which allows the article to be cited and tracked 

before it is allocated to an issue. After print publication, the DOI remains valid and 

can continue to be used to cite and access the article. 

 
Anexo 3 – Normas de publicação do Periódico Journal of Dental Research.  

The Journal of Dental Research (JDR) is a peer-reviewed scientific journal 

dedicated to the dissemination of new knowledge and information on all science 

relevant to dentistry and to the oral cavity and associated structures in health and 

disease. The Journal of Dental Research’s primary readership consists of oral, dental 

and craniofacial researchers, clinical scientists, hard-tissue scientists, dentists, dental 

educators, and oral and dental policy-makers. The Journal is published monthly, 

allowing for frequent dissemination of its leading content. The Journal of Dental 

Research also offers OnlineFirst, by which forthcoming articles are published online 

before they are scheduled to appear in print. 

Authors of all types of articles should be aware of the following guidelines 

when submitting to JDR. 

 

ONLINE SUBMISSION 

Submissions to the Journal of Dental Research are only accepted for 

consideration via the SAGETrack online manuscript submission site at 

http://mc.manuscriptcentral.com/jdr. Authors who do not have an active account 

within the system are required to create a new account by clicking, “Create Account,” 

on the log-in page.  The system will prompt the authors through a step by step 

process to create their account. Once created authors can submit their manuscripts 

by entering their “Author Center” and clicking the button by “Click Here to Submit a 

New Manuscript.” 

 

If any difficulty is encountered at anytime during the account creation or submission 

process, authors are encouraged to contact the Journal of Dental Research 

Publications Coordinator, Kourtney Skinner, at kskinner@iadr.org. 
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MANUSCRIPT REQUIREMENTS BY TYPE 

The Journal of Dental Research accepts the following types of manuscripts for 

consideration: 

Original Research Reports: These manuscripts are based on clinical, 

biological, and biomaterials and bioengineering subject matter. Manuscripts 

submitted as research reports have a limit of 3,200 words (including introduction, 

materials, methods results, discussion and; excluding abstracts , acknowledgments, 

figure legends and references); a total of 5 figures or tables; 40 references; and must 

contain a 300 word abstract. 

Letters to the Editor*: Letters must include evidence to support a position 

about the scientific or editorial content of the JDR. Manuscripts submitted as a letter 

to editor have a limit of 250 words. No figures or tables are permitted. Letters on 

published articles must be submitted within 3 months of the article’s print publication 

date. 

Guest Editorials*: A clear and substantiated position on issues of interest to 

the readership community can be considered for this manuscript type. Guest 

Editorials are limited to 1,000 words. No figures or tables are permitted. 

Discovery!:  Essays  that explore seminal events and creative advances in the 

development of dental research are considered for the “Discovery!” section of the 

Journal. Manuscripts submitted for “Discovery!” have a limit of 2,500 words and a 

total of 2 figures or tables. Manuscripts are to be submitted by invitation only. 

Critical Reviews in Oral Biology & Medicine: These manuscripts should 

summarize information that is well known and emphasize recent developments over 

the last three years with a prominent focus on critical issues and concepts that add a 

sense of excitement to the topic being discussed. Manuscripts are to be submitted by 

invitation only. Authors interested in submitting to this section must contact the Editor 

of Critical Reviews in Oral Biology & Medicine, Dr. Dana Graves, at 

gravesdt@umdnj.edu for submission approval and instructions. Manuscripts 

submitted as Critical Reviews have a limit of 4,000 words; a total of 6 figures or 

tables; 60 references; and must contain a 300 word abstract. 

 

All submissions must include a title page and be accompanied by a cover 

letter and list of suggested reviewers. Cover letters should certify the research is 

original, not under publication consideration elsewhere, and free of conflict of 
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interest. Title pages should include: abstract word count, total word count (Abstract to 

Acknowledgments), total number of tables/figures, number of references, and a 

minimum of 6 keywords. Keywords cannot be words that have been included in the 

manuscript title. Key words should be selected from Medical Subject Headings 

(MeSH) to be used for indexing of articles.  See: 

http://www.nlm.nih.gov/mesh/MBrowser.html  for information on the selection of key 

words 

Please submit the names and email addresses of four preferred reviewers 

when prompted by the SAGETrack system. Preferred reviewers cannot be 

colleagues at the contributors’ institution or present or former collaborators. 

 

TITLES  

Titles can consist of a maximum of 75 characters (including spaces). Titles do 

not normally include numbers, acronyms, abbreviations or punctuation. The title 

should include sufficient detail for indexing purposes but be general enough for 

readers outside the field to appreciate what the paper is about. 

 

ACKNOWLEDGEMENTS 

Authors are required to report all sources of support for their project or study, 

including but not limited to: grant funds, commercial sources, funds from a 

contributors’ institution. Do not refer to a study being “partially funded by the cited 

sources.” Consultancies and funds paid directly to investigators must also be listed. 

Authors are required to specify during the submission process if their paper received 

funding from NIH, NIDCR, or any other NIH Institute or Center and provide the grant 

number. To comply with the NIH Public Access Mandate, for qualifying NIH-funded 

papers, the Journal of Dental Research will deposit the final, copyedited paper to 

PubMed Central on behalf of the authors. 

Any perceived or actual conflicts of interest need to be identified in the 

acknowledgments section. The JDR abides by the International Committee of 

Medical Journal Editors guidelines for the Ethical Considerations in the Conduct and 

Report of Research (www.icmje.org). Authors are requested to include this 

information in the acknowledgments section and the corresponding author must 

confirm that all co-authors have reported any potential conflicts. 
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FIGURE AND TABLE REQUIREMENTS 

These guidelines are intended to aid authors in providing figures that will 

reproduce well in both print and online media. Submitting digital image files that 

conform to these guidelines will prevent delays in the review and publication 

processes, and maximize the published quality of your figures. 

JDR figures can fall into one of three categories: Continuous-tone images, 

Line-art images, and Combination images. Each image type has specific 

requirements in terms of the resolution needed for publication and the file types best 

suited for the figure. See the following panels for examples and requirements. 

 

Resolution 

In order for a figure to be used in publication, its Digital Image File must have 

the required resolution when it is created. The resolution cannot be raised after the 

original image is made. Attempting to do so (for example, with Adobe Photoshop’s© 

“Image Size” command) results in the addition of artificial pixels that distort the image 

and lower its sharpness. The figures on the right show an example of this reduced 

sharpness. 

 

Fonts 

Limit fonts used in any figure to Times, Times New Roman, Arial, Frutiger, and 

Sabon. Other fonts cannot be guaranteed to reproduce properly. 

Files containing figures and tables should be clearly labeled to indicate their 

placement in the text or appendix.  Tables should be viewable in a portrait view. 

Tables that are created in a landscape view are more suitable for an appendix. 

If the online version is in color and the printed version in black and white, 

please submit separate files for each version. Figures should be identical except in 

color or grayscale. The cost of color figures in the print version will be borne by the 

authors. Rates for color reproduction are $300 per initial page of color and $150 for 

each additional page of color. However, there are no charges for figures and 

diagrams printed in black and white. Color figures many be included in the online 

version of JDR with no extra charges.  

 

REFERENCES 
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The Journal of Dental Research (JDR) adheres to the CSE (8th Edition) 

editorial style. All submitted manuscripts should be formatted in this style. Additional 
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