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RESUMO

Objetivos: O presente estudo tem como objetivo avaliar a citotoxicidade
das lactamas em queratinécitos orais humanos (HOK-18A) e sua atividade anti-
biofilme contra biofilmes mono e multi-espécie, constituidos por 14 cepas
bactérias da microbiota oral.

Materiais e métodos: O efeito citotoxico das lactamas foi avaliado
através do teste XTT  [2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide] em queratinécitos orais humanos (HOK-18A).
Para os testes de atividade anti-biofilme, as lactamas foram testadas contra 5
espécies colonizadoras iniciais, 6 patdgenos orais € 3 cepas comensais. Os testes
em biofilme mono-espécie foram realizados através do protocolo fixagdo com
etanol e coloragdo com cristal violeta. Os testes multi-espécie foram realizados
em um biofilme complexo multi-espécies derivado de um biorreator. Tanto o
crescimento planquiténico quanto a formagdo de biofilme foram mensurados
através de g-pcr. Adicionalmente, o efeito das lactamas em biofilmes multi-
espécie formado sobre duas superficies diferentes também foi avaliado através
de g-pcr.

Resultados: De 26 lactamas testadas, 24 mantiveram mais de 50% de
viabilidade celular apos 24h de exposi¢do e foram selecionadas para os testes
seguintes. Em relagdo aos testes anti-biofilme mono-espécie, a maior parte das
lactamas apresentou atividade de inibigdo do biofilme em S. oralis, S. sanguinis,
A naeslundii, P. intermedia, P. gingivalis ¢ F. nucleatum (p<0,05). Ainda, 9, 3 ¢
1 lactamas foram capazes de diminuir a formacdo de biofilme em A.a., S.
mutans e S. sobrinus respectivamente (p <0,05). Em biofilmes multi-espécie,
ainda que se verifique um leve decréscimo na formacdo de biofilme em S.
sanguinis, A. naeslundii, S. mitis e S. gordonii, apenas em P. gingivalis e P.
intermedia a inibicdo foi estatisticamente significativa. Entretanto, quando
testadas em discos de vidro, 7 espécies foram inibidas, enquanto apenas 2 em
uma superficie de poliestireno.

Conclusdo: As lactamas demonstraram ser efetivas pelos resultados
obtidos tanto nos ensaios de citotoxicidade como de inibigdo do biofilme mono-
espécie, entretanto, o efeito inibitorio no biofilme multi-espécies foi diminuido
pela complexidade das interagdes bacterianas. Ainda que a maioria das lactamas
ndo tenha atividade inibitéria em biofilmes multi-espécies em ambas as
superficies, devido a maior eficacia da lactama U12 em biofilmes em discos de
vidro, pode-se sugerir que a superficie tem uma influéncia sobre o seu potencial.

Palavras-chaves: Formag¢do de biofilme; Ecologia microbiana;
Lactamas; Anti-biofilme, inibi¢do do biofilme.
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ABSTRACT

Objectives: The present study aims to evaluate the cytotoxicity of
human oral keratinocytes (HOK-18A) and its anti-biofilm activity against mono
and multi-species biofilms of 14 bacterial strains of the oral microbiota.

Materials and methods: The cytotoxic effect of lactams was assessed
by XTT [2,3-bis  (2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide] test in human oral keratinocytes (HOK- 18A). For the anti-
biofilm activity tests, the lactams were tested against 5 initial colonizers species,
6 oral pathogens and 3 commensals strains. The tests on mono-species biofilm
were performed through ethanol fixation protocol and crystal violet staining.
The multi-species tests were performed on a derived-bioreactor multi-species
complex biofilm. Both, planktonic growth and biofilm formation were
quantified by g-pcr. Additionally, the effect of lactams on multi-species
biofilms formed on two different surfaces was also evaluated by g-pcr.

Results: 24 out of 26 lactams maintained more than 50% of viable
cells after 24 hours of exposure and were selected for the following tests (p
<0.05). Regarding mono-species anti-biofilm experiments, most of the lactams
presented biofilm inhibition activity in S. oralis, S. sanguinis, A naeslundii, P.
intermedia, P. gingivalis and F. nucleatum (p<0,05). Furthermore, 9, 3 and 1
lactams were able to decrease biofilm formation in A.a., S. mutans and S.
sobrinus respectively (p<0.05). Although in multi-species biofilm, a slight
decrease in the biofilm formation can be observed in S. sanguinis, A. naeslundii,
S. mitis and S. gordonii, only in P. gingivalis and P. intermedia, the inhibition
was statistically significant. However, when tested on glass disks, 7 species
were inhibited while only 2 on a polystyrene surface.

Conclusion: Lactams proved to be successful by the results obtained
both in the cytotoxic and mono-especies biofilm inhibition assays. However the
anti-biofilm effect in multi-species biofilm was decreased by the complexity of
bacterial interactions. Although most of lactams did not have anti-biofilm
activity against multi-species biofilms on both surfaces. Due to the higher
effectiveness of the lactam U12 was only on glass discs biofilms, it can be
suggested that surface have an influence on its potential.

Keywords: Biofilm formation; Microbial ecology; Lactams; Anti-biofilm,
Biofilm inhibition.
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INTRODUCAO EXTENDIDA

A reabilitag@o oral por meio de implantes osseointegrados apresenta-se
como um excelente método de tratamento, com altas taxas de sucesso e
previsibilidade a longo prazo. Tal resultado, ¢ largamente determinado pela
manuten¢do da interface osso-implante (Davies, 2003; Hanawa, 2010)
promovida pela osseointegracdo. Embora as taxas de sucesso sejam elevadas, 5-
11% dos implantes dentarios falham dentro de 10-15 anos, e devem ser
removidos (Klinge et al., 2005). Apesar das doengas peri-implantares serem um
dos fatores responsaveis pela falha e/ou perda do implante dentéario (Passoni et
al.,, 2014), fatores associados as falhas tardias de implantes sd3o pouco
compreendidos e parecem estar relacionados tanto a pardmetros do hospedeiro
quanto ao ambiente peri-implantar (Quirynen et al., 2002). Ainda, as doencas
peri-implantares podem ser divididas em mucosite, que se caracteriza por uma
lesdo inflamatodria induzida por biofilme ndo especifico (Heitez_mayfield et al.,
2010), limitada a mucosa peri-implantar sem envolvimento de tecido dsseo
(Fransson et al., 2010), e peri-implantite, que ¢ caracterizada principalmente
pela perda dssea progressiva apds a resposta biologica a fase de adaptagdo dos
tecidos ao redor do implante (Lindhe et al., 2008; Albrektsson, 2012). Para
implantes analisados individualmente, os resultados (20.43% a 38.24%)
encontrados na ultima pesquisa publicada por este grupo de pesquisa foram
similares aqueles citados na literatura (12% a 40%) (Klinge et al., 2005; Heitez-
mayfield, 2008), porém, quando os dados foram avaliados por pacientes, os
resultados (50% a 81%) encontrados foram superiores aos reportados na
literatura (28% a 56%) (Klinge et al., 2005; Heitez-mayfield, 2008). Tais
resultados, evidenciaram ainda mais esta lacuna a ser estudada, buscando
alguma forma de tratamento, ou principalmente prevencao destes eventos.

A perda de um implante osseointegrado ¢ geralmente atribuida a
fatores bioldgicos ou biomecanicos, embora na maioria dos casos, uma
congregacdo complexa de fatores esteja envolvida, incluindo os motivos
etiologicos paciente-especificos (Klinge et al., 2005; Norovski et al., 2009;
Heckmann et al., 2006). Com relacdo as falhas, as que envolvem a colonizagao
microbiana sdo consideradas as mais comuns. Diversos estudos sugerem que a
progressdo das doengas peri-implantares estdo relacionadas com o crescimento
de espécies gram-negativas e estritamente anaerdbias (Klinge et al., 2005). A
maioria dos ecossistemas microbianos contém um grande numero de
microorganismos geneticamente distintos, e a boca humana ndo ¢ diferente.
Geralmente, estes microrganismos formam estruturas complexas denominadas
biofilmes (Heitez mayfield et al., 2010; Schwarz et al., 2007, Armellini et al.,
2009), que embora compreendam uma grande variedade de espécies
bacterianas, a colonizacdo segue um padrdo rigido de rotina com a adesdo de
colonizadores iniciais a pelicula adquirida, seguida de colonizacdo secundaria
através de aderéncia inter-bacteriana (Rosan & Lamont, 2009).

Na formacgao do biofilme oral, existem 4 estagios: (1) transporte inicial
dos microrganismos para a superficie. Espécies de Actinomyces, Streptococcus,
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Lactobacillus, Candida sao conhecidos como colonizadores iniciais; (2) adesao
inicial fraca e reversivel resultante da interagdo entre microrganismo e
superficie. Depois da ades@o, a maioria dos microrganismos comega a secretar
matriz extracelular, que constitui um importante fator de viruléncia devido ao
seu carater protetor contra componentes imunoldgicos do hospedeiro e contra
agressoes externas de diversos tipos; (3) forte adesdo dos microrganismos sobre
a superficie estabelecida por interacdes especificas (covalentes, idnicas ou
pontes de hidrogénio); (4) colonizagdo/maturagdo promovida pelo crescimento e
desenvolvimento do biofilme (Teughels et al., 2006). A maturagdo do biofilme é
seguida pela agregacdo de bactérias e consequente crescimento do biofilme.
Depois de 7 dias, o numero de Streptococcus diminui e o nimero de
Fusobacteria nucleatum aumenta. Apds 3 semanas, o biofilme subgengival
intacto comeca a assemelhar-se morfologicamente ao biofilme supragengival
(aerobiose) (Zijnge et al., 2010). Nesse estagio, outros processos, incluindo o
quorum-sensing (QS), comegam a desempenhar um papel adicional (Van
Loosdretch et al., 1990).

O Dbiofilme consiste em um co-agregado de microrganismos
organizados e embebidos em uma matriz exopolimérica & base de
polissacarideos, glicoproteinas, acidos nucléicos e agua (Zijnge et al., 2010). A
co-agregacao ¢ um processo pelo qual bactérias geneticamente distintas tornam-
se ligadas uma a outra através de moléculas especificas. Evidéncias sugerem
que tal adesdo influencia o desenvolvimento de biofilmes multi-espécies
complexos (Rickard et al., 2003). Entretanto, o quorum-sensing é quem define a
capacidade que bactérias apresentam de comunicarem-se umas com as outras
por meio de sinais quimicos (Whitehead et al., 2001). Essas comunicacdes
bacterianas sdo essenciais, pois representam formas de controle da cooperagdo
intercelular, como ocorre no caso de biofilmes (Costerton et al., 1999). A
patogenicidade de certas espécies microbianas, tais como Streptococcus mutans,
¢ inseparavelmente associada a sua capacidade de formacdo de biofilmes em
superficies solidas, por exemplo dentes ou implantes (Huang et al., 2012).

Dentro do biofilme, as bactérias orais, ndo existem como entidades
independentes, mas funcionam como uma resposta coordenada, espacialmente
organizada, e totalmente integrada metabolicamente como uma comunidade
microbiana, cujas propriedades sdo maiores do que a soma das espécies que a
compdem (He et al., 2012). Estudos sobre a atividade anti-biofilme geralmente
tem utilizado cepas microbianas individuais (biofilmes mono-espécies), além do
fato de que na maioria dos estudos a capacidade antimicrobiana foi avaliada em
culturas planctonicas, o que nao reflete o real efeito na formagdo de biofilme
oral (Portenier et al., 2005). Assim, embora um desafio, o desenvolvimento de
biofilmes multi-espécies in vitro pode proporcionar resultados mais proximos da
realidade clinica.

Biofilmes estdo presentes na natureza frequentemente aderidos a
diferentes tipos de superficies e ambientes com condigdes propicias.
Caracteristicas de superficies, como composi¢do quimica, energia livre de
superficie (ELS) e alta rugosidade, assim como variaveis ambientais envolvendo
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temperatura, teor de oxigénio, pH e nutrientes, favorecem a formacdo dos
biofilmes (Boles et al., 2004). No meio bucal, o acimulo de biofilmes, incluindo
a presenca de microrganismos patogénicos, estdo associados a doencas orais
como gengivite, periodontite, peri-implantite e carie. Por outro lado, além das
lesdes inflamatdrias causadas por acumulo de biofilme propriamente dito, a
corrosdo de superficies causadas por bactérias produtoras de acido lactico,
também podem estar relacionadas a inflamagdo e perda dssea peri-implantar,
devido a liberacdo de particulas metalicas de implantes osseointegrados (Pye et
al., 2009).

O principal problema relativo biofilme ¢ a dificuldade do tratamento e
remogdo (Zijnge et al., 2010). Como forma de tratamento, os agentes
antimicrobianos reduziram significativamente a carga de doengas infecciosas,
mas esta conquista tem sido ameagada pelo surgimento de resisténcia
microbiana aos antibidticos (Rasko et al., 2010). Portanto, o que se busca
atualmente ¢ um composto capaz de prevenir o acimulo de biofilme na
superficie dos implantes.

A identificacdo de fatores microbianos chaves subjacentes a cada
passo na formacdo de biofilmes orais irdo proporcionar novas oportunidades
para as medidas preventivas ou terapéuticas destinadas a controlar as doencas
infecciosas orais. Uma estratégia promissora contra o desenvolvimento de
resisténcia quimica dos biofilmes ¢ impor a viruléncia como alvo para a sintese
e desenvolvimento de novas substancias antibiofilme. O efeito anti-microbiano
de varios agentes inorganicos ou organicos tem sido relatado em estudos
anteriores (Secinti et al., 2011). Existem alguns inibidores de quorum sensing
naturais, tais como os derivados halogenados da furanona, que sdo compostos
fenolicos organicos com atividade antibiofilme (Defoirdt et al., 2008).
Entretanto, as furanonas ndo sdo adequadas para utilizagdo terapéutica devido a
sua elevada reatividade (Hentzer et al., 2002; Hentzer et al., 2003), levando ao
desenvolvimento de compostos similares sintéticos denominados lactamas.
Estes compostoso sintéticos também sdo capazes de inibir a formagdo de
biofilme (Defoirdt et al., 2008). Até a data, a utilizagdo de furanonas (He et al.,
2012) ou lactamas em odontologia, a fim de inibir a formacdo de biofilme ¢é
desconhecida.

Nossa hipotese ¢ que as falhas de implantes devido a fatores
bioloégicos podem ser superadas utilizando-se um material polimérico
incorporado com compostos anti-biofilme. Isto pode se tornar uma estratégia
eficaz para diminuir o acimulo de biofilme e evitar reacdes inflamatdrias peri-
implantares. Para tal, o primeiro passo do desenvolvimento desta nova
possibilidade terapéutica ¢ a identificagdo de novos compostos com atividade
anti-biofilme.

Desta forma, o presente estudo tem como objetivo testar a atividade anti-
biofilme de 26 compostos sintéticos contra biofilmes mono e multi-espécies, a
fim de selecionar os melhores compostos para futura incorporagdo em materiais
poliméricos de uso odontolégico.
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Objetivos especificos:

1) Avaliar a citotoxicidade de 26 compostos a base de novas
lactamas em Queratinocitos Orais Humanos (HOK-18A).

2) Avaliar o efeito anti-biofilme de compostos a base de novas
lactamas em 14 culturas mono-espécie diferentes.

3) Avaliar o efeito anti-biofilme de compostos a base de novas
lactamas em uma cultura multi-espécie de 14 bactérias do ambiente oral.

4) Comparar o efeito anti-biofilme de compostos a base de

novas lactamas em uma cultura multi-espécie de 14 bactérias do ambiente oral
em duas superficies diferentes.
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CONCLUSAO GERAL

As lactamas demonstraram ser efetivas pelos resultados obtidos tanto
nos ensaios de citotoxicidade como de inibicdo do biofilme mono-espécie,
entretanto, o efeito inibitério no biofilme multi-espécies foi diminuido pela
complexidade das interagdes bacterianas. Ainda que a maioria das lactamas ndo
tenha atividade inibitoria em biofilmes multi-espécies em ambas as superficies,
devido a maior eficacia da lactama U12 em biofilmes em discos de vidro, pode-
se sugerir que a superficie tem uma influéncia sobre o seu potencial.
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Changes to authorship
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and completion, and a detailed description of the randomization procedure. The
CONSORT checklist and template flow diagram are available online.
Registration of clinical trials
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trials in this journal in accordance with International Committee of Medical
Journal Editors recommendations. Trials must register at or before the onset of
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changes). Health outcomes include any biomedical or health-related measures
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feels your article is more suitable in one of our other participating journals, then
you may be asked to consider transferring the article to one of those. If you
agree, your article will be transferred automatically on your behalf with no need
to reformat. Please note that your article will be reviewed again by the new
journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal
Publishing Agreement' (see more information on this). An e-mail will be sent to
the corresponding author confirming receipt of the manuscript together with a
‘Journal Publishing Agreement' form or a link to the online version of this
agreement.

Subscribers may reproduce tables of contents or prepare lists of articles
including abstracts for internal circulation within their institutions. Permission
of the Publisher is required for resale or distribution outside the institution and
for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain
written permission from the copyright owners and credit the source(s) in the
article. Elsevier has preprinted forms for use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third
party reuse of open access articles is determined by the author's choice of user
license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse
your work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of
the research and/or preparation of the article and to briefly describe the role of
the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit
the article for publication. If the funding source(s) had no such involvement
then this should be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which
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allow authors to comply with their funder's open access policies. Some funding
bodies will reimburse the author for the Open Access Publication Fee. Details of
existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial
license. For authors requiring a commercial CC BY license, you can apply after
your manuscript is accepted for publication.

Open access

This journal offers authors a choice in publishing their research:

Open access

* Articles are freely available to both subscribers and the wider public with
permitted reuse.

* An open access publication fee is payable by authors or on their behalf, e.g. by
their research funder or institution.

Subscription

* Articles are made available to subscribers as well as developing countries and
patient groups through our universal access programs.

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the
same peer review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the
following Creative Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to
include in a collective work (such as an anthology), as long as they credit the
author(s) and provided they do not alter or modify the article.

The open access publication fee for this journal is USD 2000, excluding taxes.
Learn more about Elsevier's pricing policy:
https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a
number of green open access options available. We recommend authors see our
green open access page for further information. Authors can also self-archive
their manuscripts immediately and enable public access from their institution's
repository after an embargo period. This is the version that has been accepted
for publication and which typically includes author-incorporated changes
suggested during submission, peer review and in editor-author communications.
Embargo period: For subscription articles, an appropriate amount of time is
needed for journals to deliver value to subscribing customers before an article
becomes freely available to the public. This is the embargo period and it begins
from the date the article is formally published online in its final and fully citable
form. Find out more.

This journal has an embargo period of 12 months.
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Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online
platform offering free lectures, interactive training and professional advice to
support you in publishing your research. The College of Skills training offers
modules on how to prepare, write and structure your article and explains how
editors will look at your paper when it is submitted for publication. Use these
resources, and more, to ensure that your submission will be the best that you can
make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted,
but not a mixture of these). Authors who feel their English language manuscript
may require editing to eliminate possible grammatical or spelling errors and to
conform to correct scientific English may wish to use the English Language
Editing service available from Elsevier's WebShop.

Submission

Our online submission system guides you stepwise through the process of
entering your article details and uploading your files. The system converts your
article files to a single PDF file used in the peer-review process. Editable files
(e.g., Word, LaTeX) are required to typeset your article for final publication. All
correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article

Please submit your article via http://ees.elsevier.com/jjod.

Referees

Please submit the names and institutional e-mail addresses of several potential
referees. For more details, visit our Support site. Note that the editor retains the
sole right to decide whether or not the suggested reviewers are used.

Preparation

Double-blind review

This journal uses double-blind review, which means that both the reviewer and
author name(s) are not allowed to be revealed to one another for a manuscript
under review. The identities of the authors are concealed from the reviewers,
and vice versa. More information is available on our website. To facilitate this,
please include the following separately:

Title page (with author details): This should include the title, authors' names
and affiliations, and a complete address for the corresponding author including
an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including
the references, figures, tables and any Acknowledgements) should not include
any identifying information, such as the authors' names or affiliations.
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Use of word processing software

It is important that the file be saved in the native format of the word processor
used. The text should be in single-column format. Keep the layout of the text as
simple as possible. Most formatting codes will be removed and replaced on
processing the article. In particular, do not use the word processor's options to
justify text or to hyphenate words. However, do use bold face, italics,
subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid
is used, use tabs, not spaces, to align columns. The electronic text should be
prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier). Note that source files of figures, tables and
text graphics will be required whether or not you embed your figures in the text.
See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’
and 'grammar-check' functions of your word processor.

Introduction

The introduction must be presented in a structured format, covering the
following subjects, although not under subheadings: succinct statements of the
issue in question, and the essence of existing knowledge and understanding
pertinent to the issue. In keeping with the house style of Journal of Dentistry,
the final paragraph of the introduction should clearly state the aims and/or
objective of the work being reported. Prospective authors may find the
following form of words to be helpful: "The aim of this paper is to ..." Where
appropriate, a hypothesis (e.g. null or a priori) should then be stated.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled.
Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name
and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-
mail address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. 1f an author has moved since the work described
in the article was done, or was visiting at the time, a 'Present address' (or
'Permanent address') may be indicated as a footnote to that author's name. The
address at which the author actually did the work must be retained as the main,
affiliation address. Superscript Arabic numerals are used for such footnotes.
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The title page should contain the following information:

- Title of paper

- Short title

- Name(s), job titles and address(es) of author(s) (no academic degrees
necessary)

- Name, address, telephone, fax and e-mail of the corresponding author

- Up to 6 keywords

Spelling: International English.

Authors are urged to write as concisely as possible.

The house style of Journal of Dentistry requires that articles should be arranged
in the following order: Title, Abstract, Introduction, Materials and Methods,
Results, Discussion, Conclusions, Acknowledgements, References, Tables,
Figures. A cover letter should accompany the new manuscript submission,
within which the authors should indicate the significance of the work being
submitted in a statement no more than 100 words. A signed permission note
(details below) must also be included.

Abstract: should not exceed 250 words and should be presented under the
following subheadings: Objectives, Methods; Results; Conclusions (For
Reviews: Objectives; Data; Sources; Study selection; Conclusions). A 50 word
'Clinical Significance' statement should appear at the end of the abstract
advising readers of the clinical importance and relevance of their work. These
subheadings should appear in the text of the abstract. Please repeat the title of
the article at the top of the abstract page.

Introduction: must be presented in a structured format, covering the following
subjects, although not under subheadings: succinct statements of the issue in
question, and the essence of existing knowledge and understanding pertinent to
the issue. In keeping with the house style of Journal of Dentistry, the final
paragraph of the introduction should clearly state the aims and/or objective of
the work being reported. Prospective authors may find the following form of
words to be helpful: "The aim of this paper is to ..." Where appropriate, a
hypothesis (e.g. null or a priori) should then be stated.

Keywords: up to 6 keywords should be supplied.

Abbreviations and acronyms: terms and names to be referred to in the form of
abbreviations or acronyms must be given in full when first mentioned.

Units: SI units should be used throughout. If non-SI units must be quoted, the
SI equivalent must immediately follow in parentheses.

The complete names of individual teeth must be given in the test. In tables and
legends for illustrations individual teeth should be identified using the FDI two-
digit system.

Statistics

Statistical methods should be described with enough detail to enable a
knowledgeable reader with access to the original data to verify the reported
results. When possible, findings should be quantified and appropriate measures
of error or uncertainty (such as confidence intervals) given. Details about
eligibility criteria for subjects, randomization and the number of observations
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should be included. The computer software and the statistical method(s) used
should be specified with references to standard works when possible (with
pages specified). See http://www.icmje.org/manuscript _1prepare.html for more
detailed guidelines.

Ilustrations: should be submitted electronically using appropriate commercial
software. Prospective authors should follow the relevant guidelines (available
from: http://www.elsevier.com/artworkinstructions). In addition, it is noted that
while authors sometimes need to manipulate images for clarity, manipulation
for purposes of deception or fraud will be seen as scientific ethical abuse and
will be dealt with accordingly. For graphical images, journals published by
Elsevier apply the following policy: no specific feature within an image may be
enhanced, obscured, moved, removed, or introduced. Adjustments of brightness,
contrast, or color balance are acceptable if and as long as they do not obscure or
eliminate any information present in the original. Nonlinear adjustments (e.g.
changes to gamma settings) must be disclosed in the figure legend.

Abstract

The Abstract should not exceed 250 words and should be presented under the
following subheadings: Objectives, Methods; Results; Conclusions. A 50 word
'Clinical Significance' statement should appear at the end of the abstract
advising readers of the clinical importance and relevance of their work. These
subheadings should appear in the text of the abstract. Please repeat the title of
the article at the top of the abstract page.

For Review Articles the abstract should be presented under the following
subheadings: Objectives; Data; Sources; Study selection; Conclusions.
Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the
contents of the article in a concise, pictorial form designed to capture the
attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an
image with a minimum of 531 x 1328 pixels (h X w) or proportionally more.
The image should be readable at a size of 5 x 13 cm using a regular screen
resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files.
You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to
ensure the best presentation of their images and in accordance with all technical
requirements: Illustration Service.

Keywords

Provide a maximum of 6 keywords, using British spelling and avoiding general
and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be
sparing with abbreviations: only abbreviations firmly established in the field
may be eligible. These keywords will be used for indexing purposes.
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Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant
numbers xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant
number zzzz]; and the United States Institutes of Peace [grant number aaaa)].

It is not necessary to include detailed descriptions on the program or type of
grants and awards. When funding is from a block grant or other resources
available to a university, college, or other research institution, submit the name
of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for
clarity, manipulation for purposes of deception or fraud will be seen as scientific
ethical abuse and will be dealt with accordingly. For graphical images, this
journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of
brightness, contrast, or color balance are acceptable if and as long as they do not
obscure or eliminate any information present in the original. Nonlinear
adjustments (e.g. changes to gamma settings) must be disclosed in the figure
legend.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed
information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your
electronic artwork is finalized, please 'Save as' or convert the images to one of
the following formats (note the resolution requirements for line drawings,
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halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a
minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to
a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale),
keep to a minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG);
these typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together
with your accepted article, you submit usable color figures then Elsevier will
ensure, at no additional charge, that these figures will appear in color online
(e.g., ScienceDirect and other sites) regardless of whether or not these
illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs
from Elsevier after receipt of your accepted article. Please indicate your
preference for color: in print or online only. Further information on the
preparation of electronic artwork.

Tllustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their
article. Elsevier's expert illustrators can produce scientific, technical and
medical-style images, as well as a full range of charts, tables and graphs. Image
'polishing' is also available, where our illustrators take your image(s) and
improve them to a professional standard. Please visit the website to find out
more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not
attached to the figure. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.
Tables

Please submit tables as editable text and not as images. Tables can be placed
either next to the relevant text in the article, or on separate page(s) at the end.
Number tables consecutively in accordance with their appearance in the text and
place any table notes below the table body. Be sparing in the use of tables and
ensure that the data presented in them do not duplicate results described
elsewhere in the article. Please avoid using vertical rules.
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References

Citation in text

Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Any references cited in the abstract must be
given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication'. Citation of a
reference as 'in press' implies that the item has been accepted for publication.
Reference links

Increased discoverability of research and high quality peer review are ensured
by online links to the sources cited. In order to allow us to create links to
abstracting and indexing services, such as Scopus, CrossRef and PubMed,
please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may
prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-
press and full citation details are not yet known, but the article is available
online. A DOI is guaranteed never to change, so you can use it as a permanent
link to any electronic article. An example of a citation using DOI for an article
not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B.,
Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research,
http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such
citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference
was last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references
can be listed separately (e.g., after the reference list) under a different heading if
desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and
global persistent identifier. Add [dataset] immediately before the reference so
we can properly identify it as a data reference. The [dataset] identifier will not
appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list
(and any citations in the text) to other articles in the same Special Issue.
Reference management software
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Most Elsevier journals have their reference template available in many of the
most popular reference management software products. These include all
products that support Citation Style Language styles, such as Mendeley and
Zotero, as well as EndNote. Using the word processor plug-ins from these
products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for
this journal, please follow the format of the sample references and citations as
shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal
by clicking the following link:
http://open.mendeley.com/use-citation-style/journal-of-dentistry

When preparing your manuscript, you will then be able to select this style using
the Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text.
The actual authors can be referred to, but the reference number(s) must always
be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different
result ...."

List: Number the references (numbers in square brackets) in the list in the order
in which they appear in the text.

Examples:

Reference to a journal publication:

[1]7 J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific
article, J. Sci. Commun. 163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New
York, 2000.

Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your
article, in: B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-
Publishing Inc., New York, 2009, pp. 281-304.

Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003
(accessed 13.03.03).

Reference to a dataset:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data,
vl, 2015. http://dx.doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word
Abbreviations.


http://citationstyles.org/
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Video

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they
wish to submit with their article are strongly encouraged to include links to
these within the body of the article. This can be done in the same way as a
figure or table by referring to the video or animation content and noting in the
body text where it should be placed. All submitted files should be properly
labeled so that they directly relate to the video file's content. In order to ensure
that your video or animation material is directly usable, please provide the files
in one of our recommended file formats with a preferred maximum size of 150
MB. Video and animation files supplied will be published online in the
electronic version of your article in Elsevier Web products, including
ScienceDirect. Please supply 'stills' with your files: you can choose any frame
from the video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since
video and animation cannot be embedded in the print version of the journal,
please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material

Supplementary material can support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish
supporting applications, high-resolution images, background datasets, sound
clips and more. Please note that such items are published online exactly as they
are submitted; there is no typesetting involved (supplementary data supplied as
an Excel file or as a PowerPoint slide will appear as such online). Please submit
the material together with the article and supply a concise and descriptive
caption for each file. If you wish to make any changes to supplementary data
during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make
sure to switch off the 'Track Changes' option in any Microsoft Office files as
these will appear in the published supplementary file(s). For more detailed
instructions please visit our artwork instruction pages.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are
shown next to the online article on ScienceDirect. This gives authors the
opportunity to summarize their research in their own words and to help readers
understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail
to create an AudioSlides presentation after acceptance of their paper.


http://www.sciencedirect.com/
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/audioslides
http://www.elsevier.com/audioslides
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After Acceptance

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to
authors, including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and
accurately. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes
to the article as accepted for publication will only be considered at this stage
with permission from the Editor. It is important to ensure that all corrections are
sent back to us in one communication. Please check carefully before replying, as
inclusion of any subsequent corrections cannot be guaranteed. Proofreading is
solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link
providing 50 days free access to the final published version of the article on
ScienceDirect. The Share Link can be used for sharing the article via any
communication channel, including email and social media. For an extra charge,
paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order
offprints at any time via Elsevier's Webshop. Corresponding authors who have
published their article open access do not receive a Share Link as their final
published version of the article is available open access on ScienceDirect and
can be shared through the article DOI link.

The decision of the Editor-in-Chief is final in relation to all manuscript
submissions.
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ANEXO B — Produgao cientifica durante o Doutorado.
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