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RESUMO

A técnica Umida etandlica (TUE) e o uso de agentes biomodificadores dentinarios
tem surgido como estratégias para minimizar a perda de restauracdes por meio de acdo
hidrolitica e enzimética, no entanto essa tem sido usadas separadamente. O objetivo do
presente estudo foi avaliar a influéncia da associa¢do de agentes biomodificadores a técnica
umida etandlica nas propriedades mecanicas do colageno em diferentes tempos de aplicacao,
bem como seu efeito de resisténcia de unido e grau de conversao no procedimento adesivo em
substrato dentinario. Terceiros molares humanos higidos foram preparados tanto em forma de
barras de dentina, para avaliagdo do potencial biomidifacodor, bem como em blocos de
dentina média para avaliacdo do Grau de conversao in situ [GC] (n=3), Resisténcia de Unido
[UTSB] (n=6) e Nanoinfiltracdo [NI] (n=2), os grupos foram divididos de acordo com 0s
tratametos em dentina com agua destilada, controle negativo (CN); etanol absoluto (100%
Etanol absoluto, Cequimica, Fortaleza, Brasil) (EA); etanol absoluto com a incorporagédo de
proantocianidinas (PACs) 6,5p/p% de extrato de uva (90% PACs, Vitis vinifera, Gold Mega-
Natural, polifendis, Madera, EUA) (PAC+EA); etanol absoluto com a incorporacdo de 1-etil-
3-(3-dimetilaminopropil) carbodiimida 0,3M (p6, EDC Sigma Aldrich, St. Louis, EUA)
(EDC+EA); etanol absoluto com a incorporacdo de 5p/p% de Glutaraldeido (25 % Sigma
Aldrich, St. Louis, EUA) (GA+EA). Foram realizados testes de avaliacdo do potencial
biomodificador, através do ensaio de flexdo de 3 pontos, para mensurar modulo de
elasticidade [ME] (n=10) e variacdo de massa [VM] (n=10), com auxilio de uma maquina de
ensaios mecanicos universais e balanca analitica de precisdo, para esses testes foram
utilizados diferentes tempos de imersdo dos tratamentos; GC in situ , com o auxilio de um
espectrdmetro micro-raman; UTSB através de uma maquina de ensaios mecanicos universais
e NI por meio de microscopia eletronica de varredura. Nos testes GC, uTSB e NI o tempo de
aplicacdo dos tratamentos foi de 1 minuto. Para o ME foi utilizada uma anélise de variancia a
dois critérios, na VM usou-se 0 teste ndo paramétrico de Kruscal-Wallis, no GC e RU
utilizou-se analise de variancia a um critério, para todas as analises quantitativas adotou-se
um nivel de significancia de 5% e na nanoinfiltracdo usou-se uma andlise qualitativa. No ME
observou-se que houve diferenca estatistica nos diferentes tempos de aplicacdo para todos os
grupos (p<:0,001), exceto o0 PAC+AE que tem equivaléncia tanto com 1 minuto e 1 hora de
imerssdo. Todos esses tratamentos ndo apresentam diferenca estatistica no GC in situ
(p=0,529) e resisténcia de unido (p=0,194). Na analise qualitativa observou-se grandes areas

de degradacdo com formacdo de fendas nessa regido no grupo EA. Conclui-se que a



associacdo entre a técnica TUE e uso de agentes biomodificadores irdo melhorar as
propriedades mecénicas do colageno, no entanto ndo mostrou influenciar no procedimento

adesivo.

Palavras-chave: longevidade, hidrolise, resinas compostas, materiais dentarios, colageno e
polifendis.



ABSTRACT

The technique Ethanol wet-bonding (EWB) and the use of dentin biomodifiers have emerged
as strategies to minimize the loss of restorations through hydrolytic and enzymatic action,
however this has been used separately. The objective of the present study was to evaluate the
influence of the association of biomodifiers with the ethanolic wet technique on the
mechanical properties of the collagen at different application times, as well as its bond
strength and degree of conversion in the adhesive procedure on dentin substrate. In order to
evaluate the degree of conversion in situ [DC] (n = 3), microtensile bond strength testing
[ 1 TSB] was used to evaluate the biomidifacodor potential, both in the form of dentin bars, (n
= 6) and Nanoleakage evaluation [NE] (n = 2), the groups were divided according to the
treatments in dentin with distilled water control (WC); absolute ethanol (100% absolute
ethanol, Cequimica, Fortaleza, Brazil) (AE); (90% PACs, Vitis vinifera, Gold Mega-Natural,
polyphenols, Madera, USA) (PAC + AE), with the incorporation of proanthocyanidins (PACs)
6.5ppp% of grape extract; absolute ethanol with the incorporation of 0.3 M 1-ethyl-3- (3-
dimethylaminopropyl) carbodiimide (powder, EDC Sigma Aldrich, St. Louis, USA) (EDC +
AE); absolute ethanol with the incorporation of 5 w / w% Glutaraldehyde (25% Sigma
Aldrich, St. Louis, USA) (GA + AE). The evaluation of the biomodifier potential was carried
out using a 3-point flexural test to measure elasticity modulus (ME) (n = 10) and mass change
[MC] (n = 10) using a universal mechanical tests and precision analytical balance, for these
tests were used different times of immersion of the treatments; GC in situ, with the aid of a
micro-raman spectrometer; 1 TSB through a universal mechanical testing machine and NI by
means of scanning electron microscopy. In the DC, nTSB and NE tests the treatment
application time was 1 minute. For the ME an analysis of variance was used for two criteria,
in the VM the Kruscal-Wallis no parametric test was used in the DC and 1 TSB was used a
variance analysis, for all the quantitative analyzes a level of significance of 5% and in
nanoinfiltration a qualitative analysis was used. In the ME, it was observed that there was a
statistical difference in the different application times for all groups (p=<0.001), except for the
PAC + EA that has equivalence with both 1 minute and 1 hour of immersion. All of these
treatments did not present statistical difference in DC in situ (p = 0.529) and uTSB (p =
0.194). In the qualitative analysis, large areas of crack formation were observed in this region

in the EA group. It was concluded that the association between the TUE technique and the use



of biomedical agents will improve the mechanical properties of the collagen, but it has not
been shown to influence the adhesive procedure.

Keywords: Longevity, hydrolysis, composite resins, dental materials, collagen and
polyphenols
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1 INTRODUCAO GERAL

A demanda por estética tem sido bastante elevada nos Ultimos anos,
consequentemente 0 uso de compdsitos resinosos em restauragdes dentarias vem sendo
bastante empregado. Os sistemas adesivos convencionais (SACs) aderem ao dente por meio
de uma agdo micromecanica, que ocorre através da infiltragdo de mondmeros resinosos em
fibrilas coladgenas expostas ou micropororidades geradas no esmalte por um prévio
condicionamento da superficie, com acido fosforico em diferentes concentracfes entre 35-
37%, seguido de aplicacdo do primer e adesivo (NIU et al., 2014). O processo de unido mais
critico ocorre no substrato dentinario, devido a sua caracteristica morfofuncional. Esse
substrato corresponde & maioria do tecido dentario, apresentando uma maior quantidade de
conteddo organico e umidade quando comparado ao esmalte, onde a unido de restauracdes de

resina composta ja € bem estabelecida e duradoura (FRASSETO et al., 2016).

A regido onde ocorre a unido do sistema restaurador adesvio a dentina € denominada
de camada hibrida (CH) (NAKABAYASHI; KOJIMA; MASUHARA, 1982), sendo a
principal responsavel pela retencdo do mesmo ao dente, entretanto a CH é susceptivel a acéo
de degradacdo (SCHEFFEL et al., 2014; PHANSALKER et al., 2015; AYAR et al., 2016), que
pode ocorrer por varios meios como acdo de enzimas enddgenas, como metaloproteinases de
matriz (MMPs) e cisteino-catepsinas (CTPs), acdo de hidrdlise, ocasionada por presenca de
agua em excesso nessa interface, bem como degradacdo de mondmeros por lixiviacdo
(PASHLEY et al., 2011; MARAVIC et al., 2017).

A dentina condicionada ira apresentar uma grande quantidade de agua responsavel
por manter a conformacéo espacial da tripla hélice do colageno. Cerca de 25% corresponde a
agua presente na estrutura do colageno tipo | enquanto que 75% constitui-se de agua livre, ou
seja, em excesso (SCHEFFEL et al., 2015). Essa, por sua vez, dificulta a infiltracdo de
mondémeros hidrofébicos nas fibrilas colagenas. No entanto, esses monémeros sdo 0s
principais responsaveis por conferir uma melhora das propriedades mecanicas do adesivo
(SCHEFFEL et al., 2015; AYAR, 2016; CHIBA et al., 2016). Além disso, 0 excesso de agua
em dentina pode dificultar a polimerizagdo dos monémeros impregnados, sendo essa regido
susceptivel a acdo hidrolitica (SCHEFFEL et al., 2014; AYAR et al., 2016; CHIBA et al., 2016;
YANG et al., 2016). Em meio aquoso, esses mondmeros podem sofrer separacdo de fases,
formando micelas, prejudicando o seu embricamento efetivo nas fibrilas colagenas e sua

adequada polimerizacdo (ZHOU et al., 2016).
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Quando a dentina desmineralizada ndo apresenta agua suficiente, as fibras colagenas
poderédo entrar em colapso, formando ligagdes de hidrogénio entre si, comprometendo, dessa
maneira, a infiltracdo adequada dos mondmeros presentes nos sistemas adesivos
(CARVALHO et al., 2005; AGGARWAL et al., 2016). Assim, faz-se necessario manter a
umidade desse substrato através da técnica Umida, que é a mais utilizada atualmente (; AYAR
etal., 2016; YANG et al., 2016; ZHOU et al., 2016).

Como alternativa a técnica umida (convencional) surgiu a técnica Umida etandlica
[TUE] (PASHLEY et al., 2007), que consiste na substituicdo da agua livre, presente na
dentina, por um solvente isento de agua, o etanol, por meio de uma desidratacdo quimica,
mantendo a conformacéo espacial do colageno (YANG et al., 2016), gerando dessa forma um
maior espaco interfibrilar, por meio da diminuicdo do didmetro das fibrilas, e permitindo a
penetracdo adequada dos mondmeros hidrofébicos presentes nos sistemas adesivos (CHIBA
etal., 2016; GOSTEMEYER et al., 2016; ZHOU et al., 2016).

O etanol se constitui em um solvente superior a dgua, em relacdo a infiltracdo de
mondmeros dimetacrilatos no substrato dentinario, levando a um melhor desempenho na
unido efetiva desses ao dente (BEDRAN-RUSSO et al., 2011). Além da TUE, existem varias
outras manobras que auxiliam na otimizacao das propriedades mecanicas e durabilidade, em
longo prazo da interface adesiva, sendo que dentre elas, destaca-se a aplicacdo de agentes
biomodificadores no substrato dentinario (ZHOU et al., 2016).

Esses agentes biomodificadores ou agentes de liga¢Ges cruzadas (ALC) irdo interagir
com o colageno constituinte da estrutura de dentina a fim de formar ligacbes com 0s seus
aminoéacidos, resultando em formacdes de ligacdes quimicas interfibrilares e intrafibrilares,
aumentando a biomecénica desse substrato e reduzindo significativamente a funcdo
enzimatica das MMPs e CTPs (BEDRAN-RUSSO et al., 2014; VIDAL et al., 2016).

Os ALC podem ser classificados quanto a sua origem em naturais e sintéticos. Dentre
0s compostos sintéticos destacam-se a carbodiimida (EDC) e o glutaraldeido (GA), que
possuem mecanismos de acdo diferentes, porem desempenham muito bem o papel de ALC
(BEDRAN-RUSSO et al., 2014). O EDC apresenta o grupo funcional (RN=C=NR) e induz a
reticulacdo de grupos funcionais de &cidos caboxilicos presentes nos &cidos glutdmico ou
aspartico com aminas hidroxilisina e lisina para formar ligacbes amidas estiveis. Nesse
processo havera a formagdo do intermediario O-acilisouréia, sendo esse o principal

responsavel pela reacdo dos grupamentos funcionais amina, presentes nos aminoacidos
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constituintes do colageno (GU et al., 2011; MAZZONI et al., 2014). O GA ir& formar ligacGes
covalentes entre dois grupos amina de hidroxilisinas com seus grupos aldeidos, a fim de
formar compostos de piridineo, sendo que essa ligagdo apresenta uma grande estabilidade,
porém € um agente que possui uma alta citotoxicidade, sendo necessaria uma técnica
operatéria mais minunciosa para sua utilizacdo na odontologia restauradora (BEDRAN-
RUSSO et al., 2008). Existem também, produtos de origem natural, como as
proantocianidinas (PAC), que sdo polifendis derivadas da semente de uva (vitis vinifera).
Apesar de seu mecanismo de acdo ainda ndo estar bem esclarecido, acredita-se que sua
interacdo com o colageno vai ocorrer através o grupamento fenol presente em sua molécula
que ira reagir com a amina presente nos aminoacidos constituintes do colageno, afim de
formar ligacao de hidrogénio (BEDRAN-RUSSO et al., 2014).

Dessa forma, os ALC irdo melhorar a estabilidade do colageno, bem como suas
propriedades mecanicas, porém ndo sdo capazes de remover a agua em excesso presente no
substrato dentinario, responsavel por dificultar tanto a infiltracdo quanto a polimerizacdo dos
monodmeros (VENIGALLA et al., 2016; VIDAL et al., 2016).

Logo, o presente estudo tem como objetivo avaliar a influéncia da associacédo entre
a TUE e o uso de agentes biomodificadores, de diferentes naturezas, nas propriedades

mecanicas do colageno e no procedimento de unido de um sistema restaurador convencional.
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2 PROPOSICAO

O presente trabalho teve como objetivos:

2.1 Objetivo geral

Avaliar se a associagdo entre a técnica Umida etandlica com diferentes agentes de
biomodificacdo de colageno, aplicados em diferentes tempos, é eficiente na biomodificacao
do colageno e se esses tratamentos influenciam na unido de um sistema restaurador adesivo a

dentina.

2.2 Objetivos especificos

* Analisar o potencial biomodificador de colageno dos agentes de ligacGes cruzadas
incorporados ao etanol absoluto nos diferentes tempos de aplicacdo em dentina, por 1 horae 1
minuto;

* Investigar se ha uma influéncia desses primers, com um minuto de aplicacdo, utilizados em
dentina no grau de converséo do sistema adesivo no procedimento restaurador;

* Observar se os agentes biomificadores incorporados ao etanol absoluto irdo influenciar
positivamente na resisténcia de unido do sistema restaurador adesivo a dentina, com um

minuto de aplicacgéo.
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3 CAPITULO

Esta dissertacdo estd baseada no Artigo 46 do Regimento Interno do Programa de Pds-
Graduacdo em Odontologia da Universidade Federal do Ceard que regulamenta o formato
alternativo para dissertaces de Mestrado e teses de Doutorado, e permite a inser¢do de
artigos cientificos de autoria ou coautoria do candidato. Por se tratar de estudos envolvendo
seres humanos, ou parte deles, o projeto de pesquisa foi submetido a apreciacdo do Comité de
Etica em Pesquisa da Universidade Federal do Cear4, tendo sido aprovado. Assim sendo, esta
dissertacdo é composta de um artigo cientifico que serd submetido ao periodico Dental

Materials, conforme descrito abaixo:

ASSOCIATION OF ETHANOL WET BONDING AND DIFFERENT COLLAGEN
BIOMODIFICATION AGENTS ON THE PHYSICAL CHEMICAL PROPERTIES AT
AN ETCH-AND-RINSE ADHESIVE TO DENTIN

MENDES TAD, MOTOYAMA PRP, PASCOAL SCD, ESTELLITA MCA, LEMOS MVS,
FILHO EAJ, SANTIAGO SL, MENDONCA JS



18

ASSOCIATION OF ETHANOL WET BONDING AND DIFFERENT COLLAGEN
BIOMODIFICATION AGENTS ON THE PHYSICAL CHEMICAL PROPERTIES AT
AN ETCH-AND-RINSE ADHESIVE TO DENTIN

ABSTRACT

Obijective: To evaluate the association between Ethanol Wet Bonding (EWB) and
collagen cross-linking agents (CLA) on the mechanical properties of collagen and on the
physical chemical proprieties of an etch-and-rise adhesive to dentin.

Methods: demineralized dentin bars (n=10) were immersed, for 1 min or 1 h,
according to the respective groups: distilled water control (WC); absolute ethanol (EA);
absolute ethanol with the incorporation of proanthocyanidins 6,5% (PAC+AE); absolute
ethanol with the incorporation of 1-ethyl-3- (3-dimethylaminopropyl) carbodiimide 0.3M
(EDC+EA); absolute ethanol with the incorporation of 5% glutaraldehyde (GA+AE). All as
solutions used as dentin primer per 1-min of application, for 3-point bending test was
performed to evaluate the modulus of elasticity [ME] (n = 10) and mass change [MC] (n = 10)
of collagen treated with the respective solutions, at different times of application (1min and
1h). The in situ conversion rate [GC] (n = 3), microtensile bond strength testing [ 1 TBS] (n =
6) and nanoleakage evaluation [NE] (n = 3) of the teeth restored with the respective
treatments were analyzed.

Results: After 1 min and 1 h of application, it was observed that WC group
showed the lowest ME (P<0,05). The groups EDC+AE, GA+AE and AE presented a better
ME with one hour of application, since the PAC+AE and WC were statistically similar.
Treatments did not influence GC and 1 TBS. In the nanoleakage evaluation the AE presented
"gaps™ in its interface, as well as a great amount of silver.

Significance: The association of EWB technique and CLA improved the

mechanical properties of the collagen, but it showed no influence in the adhesive procedure.
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1 INTRODUCTION

One of the major shortcomings that approach restorative Dentistry is the failure of
resinous restorations generated by nanoinfiltration of the adhesive interface. The main means
that promote this degradation are the hydrolysis and activity of protein hydrolases enzymes,
matrix metalloproteinases (MMPs) and cysteine cathepsins (CTPs), which disrupt the
collagen through peptide bonds.*?

The hydrolysis is facilitated by incomplete impregnation of resinous monomers in
bare collagen fibrils by acid etching in dentin, in etch-and-rinse adhesive systems, and also by
the presence of hydrophilic monomers present in the adhesive systems.® In order to reduce
this degradation, alternatives, such as the use of the Ethanol Wet Bonding (EWB), have been
studied. EWB consists of the chemical dehydration of the wet dentin, by means of successive
ethanol applications, in order to replace the rinse water,® responsible for the preservation of
the spatial conformation of the collagen. This technique has been shown to be effective in
increasing the immediate bond strength, as well as an improvement over time compared to the
conventional wet technique.??

The presence of ethanol makes the dentine propitious so that dimethacrylate
monomers adequately infiltrate, since most of the monomers are soluble in that solvent. In
addition, their presence will promote a transverse constriction of the collagen fibril, increasing
the interfibrillars spaces®*>® and some studies speculate that there will be a complete
replacement of the residual water in a way that will prevent the action of endogenous
hydrolases.?’

Collagen crosslinking agents (CLA) have been studied in the present context of
restorative dentistry. They consist of chemical compounds of natural or synthetic origin that
will biomodify the dentin structure, improving the mechanical properties of the collagen
network, as well as reducing rates of biodegradation of the extracellular matrix. The
interaction with collagen occurs most often through the chemical bonds of the CLA between
proline and hydroxyproline present in the molecular structure of collagen, such bonds can
occur at both the interfibrillar and intrafibrillary levels.®

The CLA can be classified as natural (polyphenols, genipine, proanthocyanidins)
and synthetic (glutaraldehyde and carbodiimide). The proanthocyanidins (PACs) are

polyphenols (Fig. 1) derived from grape seeds that will interact strongly with tissue rich in
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type | collagen, but its mechanism of action is not well established.®® Carbodiimide (EDC)
will act effectively as CLA (Fig. 1), and show an effective action in the inhibition of MMPs,
requiring a short period of application for its effectiveness.*® In addition, glutaraldehyde (GA)
is a synthetic CLA (Fig. 1) that will react with the free amino acids of the triple helix structure
of the collagen, improving the biomechanical properties of collagen, although it presents a
high cytotoxicity when compared to the others.!!

The present study aims to evaluate the biomodifying capacity of EDC, PAC and
GA in dentin collagen when incorporated into absolute ethanol by means of the evaluation of
the biomodifier potential, and the influence of this treatment in the adhesive procedure to
dentin by means of microtensile bond strength test and nanoinfiltration analysis of the
adhesive interface. The hypothesis of the study are that (1) biomodifiers diluted in absolute
ethanol will not improve the modulus of elasticity of the demineralized dentin, as well as
the change mass at different times of application, (2) this association will not influence the in
situ degree of conversion of the adhesive system; and (3) the association of EWB with CLA
will not interfere in the efficiency of union of an adhesive restorative system to dentin (bond

strength and nanoleakage).

2 MATERIALS AND METHODS

The study was approved by the Research Ethics Committee of the Institution
(Protocol number 2.338.233). After the patient’s informed consent was obtained, the teeth
were collected under a research protocol in accordance with the Guidelines and Standards of
the National Health Council (Resolution No. 554/2017).

This is an in vitro laboratory study, were used third molars free of caries in which the
investigated factors were the treated dentin with: distilled water control (WC), absolute
ethanol (100% absolute ethanol, Cequimica, Fortaleza, Brazil); (90% PACs, Vitis vinifera,
Gold Mega-Natural, polyphenols, Madera, USA) (PAC+AE), with the incorporation of
proanthocyanidins (PACs) 6.5pp% of grape extract; absolute ethanol with the incorporation of
0.3 M 1-ethyl-3- (3-dimethylaminopropyl) carbodiimide (powder, EDC Sigma Aldrich, St.
Louis, USA) (EDC+AE); absolute ethanol with the incorporation of 5 w / w% Glutaraldehyde
(25% Sigma Aldrich, St. Louis, USA) (GA+AE); and time of application of treatments (1 min
and 1 h) experiments were carried out to evaluate the biomodification potential of dentin by
means of flexural test and mass calibration. To DC in situ, uTBS and NE the primers were

applied for one minute in the adhesive procedure.
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2.1 Dentin bioactivity Assays
2.1.2 Sample preparation

Dentin bars with 1.7 X 0.5 X 6.0 mm in dimension were prepared. The specimens
were then completely demineralized in 10% phosphoric acid solution over a period of 5 hours
at room temperature and under constant stirring. Dentin bars were randomly distributed in the
different groups (n = 10) and maintained in their respective solutions (WC, AE, EDC+AE,
PAC+AE and GA+AE) for periods of 1 min *2 or 1 h at room temperature.*®

2.1.2 Modulus of elasticity

The modulus of elasticity (ME) of the demineralized dentin bars was evaluated at the
beginning and after immersion at different times in their respective solutions. This ME was
determined in a 3-point flexural test with a 5.0N load cell mounted on a universal mechanical
testing machine (Instron, Canton, Massachusetts, EUA) at a cross-head speed of 0.5mm/min.
The data were expressed in Megapascal (MPa), and the change of the ME will be calculated
between the ratio of the final value (after the dentin biomodification in the respective groups)

and the baseline values.®

2.1.3 Mass change

The masses were measured before (M1) and after (M2) the biomodification process
of the demineralized dentin bars with an analytical balance (Shimadzu, Kyoto, Japan)
precision of five decimal places (0.00001g). The samples were dehydrated in a vacuum
desiccator for 24 hours at room temperature. The mass change assessment (MM%) was
determined as the percentage gain or loss of each sample based on the following formula:

M2x 100

0h =
MM% ( M1

)— 100

Where M1 is the matrix mass of demineralized dentin prior to dentin biomodification and M2

is the matrix mass of the biomodified dentin.t?
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2.2 Bonding procedures

Third molars humans, free of caries, were used for bonding procedures, the occlusal
enamel and the roots of each tooth were removed with a diamond disk (Isomet 4000; Buehler,
Lake Bluff, USA) at low speed to expose the flat surface of medium dentin, then the smear
layer was made with granulation 600 silica carbide, under constant irrigation for 30s. All
medium dentin blocks were conditioned with 37% phosphoric acid in gel (Condac 37%, FGM,
Joinville, Brazil) for 15s, then washed abundantly for twice the time. The excess water was
removed with absorbent paper and a solution of 10 u L of absolute ethanol, incorporated or
not with the biomodifying agents at their respective concentrations,'® was applied to the test
groups, making 4 exchanges, totalizing a period 60 seconds. Then, excess of ethanol was
removed from the specimen with the absorbent paper by applying the bond resin of the
conventional adhesive (Scotchbond Multipropose Adhesive - 3M ESPE) actively for 30s.
After application, the adhesive layer was light-cured for 40 seconds by an LED light curing at
1100mW/cm2 (DB-685, Dabi Atlante, Ribeirdo Preto, Brazil). The adhesive procedure in the
negative control group followed the protocol of the conventional wet technique. Then, a resin
composite plateau (Filtek 2350 XT-3M ESPE) (Tablel) of approximately 4mm was made,
with each increment of 1 millimeter photopolymerized for 40s. The procedure was used for
test DC, uTSB and NE.

2.3 Degree of conversion in situ

For the analysis of micro-Raman spectroscopy, three additional teeth were restored
for each group. These teeth were cut logitudinally to the medium (mesial-distal) in order to

generate slices of 2,0 mm.

For the adhesive interface analysis, micro-Raman spectra of the adhesive-dentin
interface were obtained from each hemi-tooth, and were recorded by a Raman Horiba (Xplora,
HORIBA Jobin Yvon, Paris, France) spectrometer. A monochromatic argon laser beam set at a

wavelength of 638nm with an output level of 20mW was used as the source of excitation.

Firstly, the laser beam was focused on the sample through an objective with an
increase of 100X which determined a focal point of about 1 1 m in diameter. The laser was
positioned in the center of the adhesive layer where the reading will be made, after obtaining
the graph, the intensity referring to the peaks 1610cm™ and 1635cm™ were noted.
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The values were inserted in the following formula:

% DC= 1- ( dif ference of polymerized peaks ) x 100

dif ference of unpolymerized peaks

For this purpose, a reading was performed on unpolymerized adhesive in order to

obtain the necessary values for filling the formula.™®
2.4 Microtensile bond strength testing

Resin-bonded teeth were sectioned in small resin—dentine sticks (cross-sectional area
of approximately 1.0mm?) suitable for the microtensile bond strength. After the restorative
procedure the specimens were stored in distilled water in an oven for 24 h at 37 °C. Six teeth
(n=6) were evaluated for each group. The sticks from the most peripheral area presenting
residual enamel were excluded from the test. The exact cross-sectional area of each tested
stick was measured with a high precision digital calliper. The sticks were glued to a jig with a
cyanoacrylate gel (Super Bonder gel; Octite Henkel, Rocky Hill, CT, USA) and tested in
universal testing machine (EMIC, model DL 2000. S&o José dos Pinhais, Brazil) with a 500N
load cell (cross-head speed: 0.5 mm/min). The uTBS results were calculated and expressed in
MPa.

2.5 Nanoleakage evaluation

Two central sticks were selected from the teeth of each group (n = 2) and processed
for nanoleakage assessment. Firstly, the sticks were immersed in 50 wt% ammoniacal silver
nitrate [Ag (NH3)2] NOs (aq) solution in total darkness for 24h. Subsequently, the specimens
were rinsed in distilled water to remove the excess silver nitrate and then immersed in a
photo-developing solution for 8h under UVlight (60cm from the specimens) to reduce silver
ions into metallic silver grains along the resin—dentine interface. The silver-impregnated
sticks were included in epoxy resin and wet-polished using #1200, #2000 e #4000 SiC papers
and diamond paste (Buehler) 1um. The specimens were ultrasonically cleaned for 1min after
each abrasive/polishing step. Finally, they were air-dried, dehydrated over night, coated with
carbon and observed using a SEM (Inspect S50; FEI, Land, China) in backscattered electron

mode.16
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2.6 Statistical analysis

Sigma Plot was the program used for the analyzes. For ME test the data were
transformed into Log n and submitted to the Shapiro-Wilk normality test and then submitted
to analysis of variance (ANOVA two-way), followed by a Tukey post-hoc test. In the MC test
the data were submitted to Kruskal-Wallis non-parametric analysis. The DC in situ and uTSB
testing test data were submitted to the normality test followed by analysis of variance ANOVA
one- way. All tests were performed with a significance level of 5%.

RESULTS

When the modulus of elasticity values were analyzed, all tested groups showed a
statistical improvement over the negative control (p<0,001), and no differences were observed
between the other tested groups in both application periods (p>0,05). However, when
analyzed individually, the EDC+AE, GA+AE and AE groups were shown to be more effective
after 1 hour of immersion (p<0,05). In the PAC+AE group, the effect was independent of the
immersion time (Table 2).

When the mass change was analyzed, there was not statistical difference between the
different groups tested in both immersion times (p >0.05). When the individual treatments
were analyzed, there werw no differences between the different application times (Fig. 2).

The treatments performed did not influence the degree of conversion of the adhesive
when analyzed in situ (p=0.529, F=0,729), as described in Table 3. No statistically significant
differences was observed in microtensile bond strength for the tested groups (p=0.194;
F=1.647), as shown in Table 4.

In a qualitative analysis, it was observed presence of silver near the adhesive layer in
all tested groups, but in the AE group, large areas of crack formation were observed in this
region (Fig. 3).

DISCUSSION

Phenomena such as hydrolysis and action of the enzymes MMPs and CTPs will
significantly degrade the collagen present at the adhesive interface leading to the loss of
restorations over time.* The use of EWB and CLA in the adhesive procedure will increase the

durability of the hybrid layer by acting in a different way in the mechanisms of collagen
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degradation, being used separately in previous studies, however this association as a
technique or dentin primer has not been observed until then.

The bare collagen treatments with the respective cross-links solutions influenced the
ME of the demineralized dentin, this data does not accepting the first hypothesis of the study
(Table 2). It can be analyzed that in the dentin treatments, all the test groups presented better
ME values than the WC, in the different times of application, proving the effectiveness of the
EWB in increasing the mechanical properties of the dentin. The only group, among the
treatments, that the application time did not influence the modulus of elasticity was PAC+AE.
This can occur due to its effectiveness already proven in the period of 1 minute of application,
® being this polyphenol an effective adjuvant incorporated to the EWB technique in the
treatment of demineralized dentin. The PAC may have a good efficacy due to its mechanism
of action with collagen, which is more versatile when compared to other cross-linkings agents.
This interaction is not yet well elucidated in the literature, however it is believed that it can
occur in several different ways, such as through hydrogen bonding, hydrophobic interactions
between the aromatic ring of the PAC and proline, and the reaction by means of ester-like
bonds between the glutamic and aspartic acid with the amine group, present in the lysine,
forming a stable covalent bond.’

The PAC group at 6.5% concentration showed effectiveness in the time of
application of 1 minute becoming quite relevant in clinical practice regarding the increase of
the biomechanical properties of collagen, evidencing its applicability in restorative dentistry,
having already been shown that there is a significant improvement in the modulus of elasticity,
8 however, some data already describe a greater effectiveness in the improvement of these
properties of the collagen, when diluted in water instead of ethanol. 11317

The 1-minute CLA application protocol for the dentin biomodification test *2 is the
one that best simulates the clinical use, however, it showed less satisfactory ME results for the
EDC+AE, GA+AE and AE groups, when compared to the time of application of 1-hour.}%13
However it is known that one hour of use of these pre-treatments becomes impractical for
day-to-day dental practice, it is observed. However, that after application of one minute of the
respective primers the groups were statistically best when compared to the WC.

In the evaluation of the mass variation, the experimental groups did not present a
statistically significant difference.The solvent used in the preparation of the experimental
treatments was the absolute ethanol, and its application in bare collagen will lead to a
chemical dehydration, generating a constriction of its triple helix structure.’®  This

phenomenon can compensate for the gain of cross-links caused by the presence of cross-
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linking agents in these primers, generating no significant change in mass change.?*%

The dentin treatments did not influence the degree of in situ conversion of the
adhesive used in the restorative procedure, not rejecting the second hypothesis of the study.
This is due to the fact that the ethanol present in the hybrid layer for a longer period of 60
seconds, due to the operative technique used, will generate a better volatilization of the water
present in the dentin, bringing the constituent monomers closer together, and helping to
improve the adequate polymerization of the same.?? In addition, the biomodification agents
incorporated in this organic solvent did not seem to influence the polymerization of the
constituent monomers of the used adhesive system, contrasting the study of Leme-Kraus et al.
(2017), that affirms that the PACs will interfere significantly on the degree of conversion of
hydrophobic dimethacrylate monomers into wet dentin. Such adequate polymerization of the
adhesive layer will depend directly on the degree of hydrophilicity of the adhesive monomers,
20 as in the present study, used only the bond, which has a significant amount of hydrophobic
monomers in its composition, may have influenced the improvement of the polymerization of
the adhesive layer.

It can be observed that there was no statistical difference in microtensile bond
strengh (UTBS) in the different treatments used in dentin after the period of 24 hours
corroborating with one of the thrid hypotheses of the study. Although the highest values of
bond strength were in the PAC+AE group, this difference was not significant in relation to the
other treatments. Studies evaluated, in an immediate analysis, using different CLAS, such as
EDC and PAC, these values of dentin bonding strength did not present statistical difference
immediately, and only after 6 months of evaluation that difference was accentuated, with a
more effective EDC.23%* In addition, studies show that the application of EWB for up to 30
seconds is equivalent to its use for 130 seconds, as well as the use of the conventional
technique, 2°?° corroborating with the present study that uses a period of one minute of
application, * in order to make the clinically feasible technique.

In a qualitative evaluation of the adhesive interface through images obtained by the
nanoleakage test (Fig. 3) it can be observed that the group AE group that presented a higher
amount of silver in the hybrid layer besides gaps formation. While in the other groups with
CLA the HL was shown to be of superior quality, being the group GA + EA, which obtains a
smaller amount of silver in this interface, this CLA can have a greater effectiveness when
diluted in ethanol, contrasting with the study of Bedran - Russo et al. (2008), which showed a
better effectiveness of the interaction of pre-treated collagen with PAC than with GA, use

water as a solvent.® It is known that PAC is very promising in the formation of an HL, it is not
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once again diluted in water, because it is able to interact efficiently with a dynamic dentin,
favoring an infiltration of adhesives with hydrophilic monomers and reducing permeability of
the adhesive layer, thus as PACs are most effective in conventional wetting technique.® The
crack formation in group AE (Fig. 3) may occur due to incomplete impregnation of
dimethacrylate monomers due to the interfibrillar space that was not sufficient for its

penetration. 2°

5 CONCLUSION

It is concluded that the association between the EWB technique and the use of
biomodifiers will improve the mechanical properties of the collagen, but it has not been
shown to influence the adhesive procedure. The treatments showed better efficacy in
increasing the modulus of elasticity with one hour of application, except for PAC + AE and

NC. This association did not influence DC in situ and uTBS.
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Fig. 1: Images of the structural chemical formulas of the biomodification agents used, GA (A),
EDC (B), PAC (C) and AE (D).
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Table 1. Composite and adhesive resin compositions and application protocols.

Composition Application procedure
Adper™
Scotchbond™ N
_ Primer: HEMA, Active application for 30 seconds,
Multi-Purpose polyalkenoic acid o
_ copolymer, water; followed by photopolymerization
Adhesive (3M Bond: Bi AL
ESPE, St Paul, CQ
USA)
UDMA, Bis-GMA,
TEGDMA, Bis-EMA, .
silica (20 nm Incremental placement (in 1mm
N nanogglomerated/aggrega levels or less) and curing of
Filtek "™ 2350 XT, | ted), zirconia silica (4-11 : o
composite restorations is
A3 (3M ESPE, St nm o
nanogglomerated/aggrega recommended to minimise
Paul, USA) ted), clusters, zirconia/ L . .
silica aggregated particles polymerisation shrinkage. Curing
(20 nm silica particles each increment separately
combined with 4-11nm
zirconia 3)

*HEMA - hydroxy ethyl methacrylate; Bis-GMA - bisphenol-A glycidyl methacrylate; Bis-
EMA - ethoxylated bisphenol-A glycidyl methacrylate; TEGDMA - triethylene glycol-

imethacrylate;

Table 2: Means of Elasticity modulus (MPa) [+ standard deviation] of completely

demineralized dentin specimens before and after the application of different trataments
solutions for Imin or 1 h.

Groups 1 minute 1 hour
wWC 12+14B,a 1.2+0.6B,a
AE 16+16A,b 48+15A a

EDC + AE 38+30A,b 10.1+14.7A, a
GA+AE 1.7+x14A,b 5.3+4.0A a
PAC + AE 45+ 43A a 74+69A, a

* uppercase letters comparing between columns and lowercase letters between rows
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Fig.2: Mass change (in median) according to the treatments used PAC + AE, EDC + AE , GA + AE, AE e WC during 1 minute of application and 1
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Tabela 3 — Mean of in situ conversion degree (£ standard deviation) of the adhesive
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after the use of their respective treatments

Groups DC (%)
WC 84.1x+115A
AE 875x25A

EDC + AE 91.2+57A
GA+AE 824+6.0A
PAC + AE 84.4+6.3A

* uppercase letters comparing between columns and lowercase letters between rows

Table 4 —Microtensile bond strength testing (MPa) immediate of bonding procedure

Groups UTSB
wC 245+ 124 A
AE 26.9+5.0A

EDC + AE 209+79A
GA+ AE 19.2+10.6 A
PAC + AE 323+ 116A

* uppercase letters comparing between columns and lowercase letters between rows
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Fig. 3: Evaluation of the dentin / adhesive union interface after the use of dentin pre-treatments (A) WC, (B) AE, (C) EDC+AE, (D) GA+AE and
(E) PAC+AE, with nanoleakage being performed and analyzed by SEM in an increase of 1000X, where a great amount of silver infiltrate in the
WC group and, mainly EA, is observed, presenting slits in that union interface.
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4 CONCLUSAO GERAL

A associacdo entre a TUE e uso de agentes biomodificadores de colageno pode
melhorar as propriedades mecénicas do coladgeno, no entanto ndo mostrou influenciar no
procedimento adesivo, em uma avalicdo imediata. Os tratamentos demonstraram melhor
eficacia no aumento do modulo de elasticidade com uma hora de aplicacdo, exceto por
PAC+AE e NC. Essa associagdo néo influenciou o GC in situ e a resisténcia de unido deum
sistema restaurador adesivo a dentina, no entanto necessita-se de mais estudos para

demonstrar a efetividade dessa associagdo em longo prazo.
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