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Resumo

Objetivo: Avaliar in vitro a profundidade de penetracdo de dois diferentes
cimentos endodénticos nos tubulos dentinarios e avaliar a infiltracdo bacteriana
em obturagdes com os cimentos AH Plus e MTA Fillapex.

Materiais e Métodos: 34 pré-molares monorradiculados humanos foram
selecionados. As coroas removidas e as raizes padronizadas com 16 mm,
divididos aleatoriamente em dois grupos de 15 espécimes, instrumentados com o
sistema rotatério Pro Taper, um grupo obturado com o cimento AH Plus (Grupo
AH) e outro com MTA Fillapex (Grupo Fl) pela técnica de condensacao lateral. 4
espécimes foram utilizados como controle negativo e positivo. As raizes foram
mantidos em estufa a 37 °C, esterilizados em gas oxido de etileno e montados
em eppendorf para avaliacdo da infiltragdo coronaria de bactérias para
Enterococcus Faecalis. As amostras foram observadas diariamente durante 30
dias para constatagcdo ou ndo da turvacdo no meio de cultura em contato com a
porcao apical. Apos o primeiro teste, os mesmos espécimes foram seccionados
em 5 e 7 mm a partir do apice, formando uma sec¢cao de 2mm de espessura, as
faces das seccoes de 5mm do apice foram entdo, metalizadas e analisadas em
MEV, para se avaliar a profundidade de penetracdo nos tubulos dentinarios
(aumento de 1000x).

Resultados: Para a infiltracdo bacteriana, considerando o numero de
amostras infiltradas para AH e MTA Fillapex, usou-se o teste exato de Fisher
(p=0,0341) onde houve diferenca estatistica significativa. Na avaliagdo da
penetracdo intratubular, quando aplicado o teste-t, a diferenca entre os dois
grupos de cimentos foi considerada estatisticamente significativa (P=0,0006).

Conclusbes: Ambos os cimentos apresentaram infiltracdo bacteriana
sendo que o MTA Fillapex teve pior desempenho, a capacidade de penetragao
nos tubulos dentinarios do AH Plus foi significativamente maior que o MTA
Fillapex.

Palavras-chave: cimentos endodénticos, penetragao intratubular, infiltracéo
bacteriana, AH Plus, MTA Fillapex.



Introducgao

O cimento MTA Fillapex (Angelus, Londrina, PR, Brasil) tem em sua
formulacdo uma base resinosa o que o torna apropriado para 0 uso com cones
obturadores, tem boas caracteristicas de escoamento, tempo de trabalho, e pH
alcalino, caracteristicas estas importantes na obturacdo e manutencdo da
esterilidade do sistema de canais radiculares (1, 2), além disso, € um dos
primeiros cimentos endoddnticos que tem em sua composicdo o MTA, que é
comparavel ao hidroxido de calcio em termos de reparacgéo tecidual (3), quando
aplicado diretamente aos tecidos induz o reparo, sendo um material bioativo (4,
5).

O MTA Fillapex demonstrou ter a capacidade de reparagao tecidual,
apesar de resposta inflamatéria maior quando comparado ao MTA (6). Em
analises com infiltracdo bacteriana, resultados divergentes colocam o MTA
Fillapex como semelhante (7) ou inferior ao AH Plus (8). Em relagao a penetragao
tubular dentinaria, testes usando microscopia confocal demonstraram uma maior
penetracdo do MTA Fillapex quando comparado ao AH Plus (9).

O cimento resinoso AH Plus (De trey- Dentsply, Konstanz, Germany) € um
cimento insoluvel aos tecidos e com boa capacidade de selamento apical, o que
mantém niveis de infiltracdo menores em relagdo a outros materiais como o
Epiphany, Apexit e Ketac-Endo (10, 11, 12). E o cimento de eleicdo em estudos
comparativos de infiltragcdo (7, 8), e penetragcdo intratubular (9) avaliando
cimentos novos, como o MTA Fillapex.

Os métodos mais usados para a avaliagdo da infiltracdo das obturacdes,
tem sido o de filtragao de fluidos (11, 13) e o de infiltracdo bacteriana (12, 14, 15).
Neste as analises biolégicas verificam a penetrabilidade da bactéria na interface
dentina/material obturador no sentido coroa apice.

Pesquisas de infiltragcdo bacteriana geralmente sao efetuadas com
Enterococcus faecalis devido ao fato desta cepa ser uma das mais resistentes
nos processos inflamatdrios periapicais. Além disso, possui grande capacidade
de penetracdo nos tubulos dentinarios, sendo capaz de permanecer viavel por

meses e até anos, mesmo em condicbes pouco favoraveis como ambientes



alcalinos, podendo tornar-se patogénica quando o ambiente se torna favoravel
(12, 16, 17, 18).

As bactérias sdo mais comumente presentes na regiao do tergo meédio do
que na regiao apical dos canais (14), a existéncia de lesbes periapicais
estimuladas por estas bactérias se torna menos provavel quando ha um melhor
selamento apical dos canais radiculares (19). As bactérias podem manter-se
viaveis por um longo periodo e a sua completa eliminagdo dos canais somente
com a limpeza é dificil alcancar, mesmo que esta seja realizada de forma
adequada (18). Com base no exposto o estudo se propOds a analisar por
comparagao, os cimentos AH Plus e MTA Fillapex pelos métodos de infiltragao
bacteriana e microscopia eletrébnica de varredura (MEV). A hipdtese nula é de
que nao ha diferenga entre os materiais seladores AH Plus e MTA Fillapex nos

dois testes aplicados.



Materiais e Métodos

Trinta e quatro pré-molares inferiores humanos monorradiculados
extraidos foram selecionados junto ao Banco de Dentes da PUCPR para esta
pesquisa. O estudo foi previamente aprovado pelo Comité de Etica em Pesquisa
com Seres Humanos, sob protocolo n° 1373/2011. Foram selecionados somente
dentes com apice completo, raizes retas e unicas; dentes que apresentavam
caries extensas, apices abertos, reabsor¢cdes ou fissuras radiculares, dilaceragao
apical ou bifurcacées nao foram incluidos.

Para comprovar a presencga de canal unico foram realizadas radiografias
pré-operatorias no sentido vestibulo-lingual e no sentido mésio-distal. As coroas
dentarias de todos os dentes foram removidas com disco diamantado, de modo
que cada espécime ficasse padronizado com 16 mm de comprimento radicular a

partir do apice.

Instrumentacao e obturagao dos canais

Para a remocao do tecido pulpar e determinacao do comprimento real do
canal, foram utilizados instrumentos 15 K-Flexofile (Dentsply-Maillefer,
Ballaigues, Suica). O instrumento foi introduzindo no canal até que a ponta
ficasse visivel no forame apical. A partir desta medida, 1 mm foi reduzido para se
estabelecer o comprimento de trabalho. A paténcia apical foi confirmada com a
insercdao de um instrumento 25 K-Flexofile através do forame apical antes e
depois do preparo do canal radicular.

Cada canal radicular foi instrumentado por meio da técnica coroa-apice,
utilizando instrumentos rotatérios de niquel-titdnio ProTaper (Dentsply Maillefer,
Ballaigues, Suiga), finalizando com a lima F4, sendo que todos os instrumentos
foram utilizados até o comprimento de trabalho. A cada troca de instrumento os
canais radiculares foram irrigados com 3 mL de hipoclorito de sédio 2,5%
(NaOCL)

Apods a instrumentacao, todos os canais radiculares foram lavados com
5 mL de NaOCL 2,5%. Em seguida foram preenchidos com 3 mL de solugdo de

EDTA 17% por 3 minutos para remog¢ao da smear layer (20). A irrigacéo final foi



realizada com 5 mL de solugdo salina e os canais foram secos com cones de
papel absorvente.

Para a realizagdo da obturagdo dos canais, das 34 raizes preparadas, 4
foram utilizadas para os controles positivo e negativo e 30 foram divididas
aleatoriamente em 2 grupos de 15 espécimes cada. Para cada um destes grupos,

um tipo de cimento obturador foi empregado.

e Grupo AH (n=15): cones de guta-percha e cimento AH Plus;

e Grupo FI (n= 15): cones de guta-percha e cimento MTA Fillapex.

Todos os canais foram obturados pela técnica da condensacao lateral
ativa, onde o cimento foi previamente inserido ao canal radicular com auxilio de
uma Lentullo n° 4 (Dentsply Maillefer, Ballaigues, Suiga), seguido da introdugéo
do cone principal F4 (Dentsply Maillefer, Ballaigues, Sui¢ca) no comprimento de
trabalho. A execucdo da técnica de condensacao lateral foi realizada com auxilio
de um espagador digital C (Dentsply-Maillefer, Ballaigues, Suiga) permitindo a
insercdo e compactagdo lateral de cones acessorios B7, até o total
preenchimento do canal radicular, apos foi feita a compactacdo vertical com
instrumental de Paiva.

Para os testes de infiltragcdo bacteriana 4 espécimes foram preparados
como controle. Para o controle positivo dois espécimes foram obturados somente
com guta percha, sem adicdo de nenhum cimento obturador. Para o controle
negativo outros dois espécimes foram obturados seguindo as técnicas dos
grupos caso (grupo AH e grupo Fl), sendo um espécime para cada cimento.

Concluidas as obturacdes, todos os dentes foram armazenados em estufa

a 100% de umidade e 37 °C por 2 semanas para garantir a presa dos materiais.

Teste de infiltragao Bacteriana

Avaliagao Microbiolégica (20).

- Impermeabilizagao dos remanescentes radiculares

Previamente ao inicio dos testes a superficie externa dos dentes foi

impermeabilizada com duas camadas de adesivo epoxi Araldite de presa rapida —
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10 minutos (Brascola, Joinville, SC, Brasil). Nos espécimes dos grupos
experimentais e controle positivo, a impermeabilizacdo foi realizada até 1 mm
aquém da embocadura do canal radicular e do forame apical. Nos espécimes do
grupo controle negativo, a impermeabilizacao incluiu a regiao do forame apical,
permanecendo sem camada impermeabilizadora apenas a embocadura dos

canais radiculares.

- Montagem dos remanescentes radiculares em tubos plasticos e
esterilizagao dos conjuntos

Os 34 espécimes foram montados para infiltragcao bacteriana. Para tanto,
foram utilizados micro tubos de polipropileno (tubos para centrifuga do tipo
eppendorf) com capacidade de 1,5 mL. As pontas dos tubos foram seccionadas
transversalmente com um disco de carborundum, de tal forma que, ao inserir os
espécimes, aproximadamente 3 mm da sua porgao apical ficou projetada para
fora do tubo plastico.

A juncdo entre o remanescente radicular e o eppendorf foi selada com
Araldite de presa rapida. Apés a montagem dos remanescentes radiculares, os
tubos foram identificados com o numero correspondente a cada amostra e grupo.
Em seguida, os conjuntos (remanescente radicular e tubos de plastico) foram
acondicionados em frascos de vidro de 15ml transparentes, estéreis contendo um
corte de papel aluminio (5 x 5 cm). Os frascos de vidro contendo os conjuntos
foram tamponados com algodao e embalados individualmente para esterilizagéo
em gas de oOxido de etileno a 56 °C. Todas as etapas subsequentes a
esterilizacdo foram realizadas em camara de fluxo laminar para evitar a

contaminagao das amostras.

- Montagem do dispositivo para o teste de infiltragao

Para o teste de infiltracdo bacteriana foi utilizado caldo de BHI (Brain Heart
Infusion) (Acumedia, EUA) preparado segundo as instrugbes do fabricante
(proporcéao de 37 g de p6 para 1000 mL de agua destilada), autoclavado a 120 °C
durante 20 minutos e mantido em geladeira por 24 horas. Apos este periodo 7 mL
da solucdo BHI foram dispensadas em cada um dos 34 frascos de vidro
esterilizados. Os conjuntos (espécimes-tubos plasticos) foram montados no

interior dos frascos de vidro de modo que a porg¢ao apical dos espécimes ficasse

7



imersa no caldo de BHI. A parte superior do dispositivo foi recoberta com papel
aluminio estéril e parafilme. Os dispositivos foram identificados numericamente e
mantidos em estufa a 37 °C, durante quatro dias, para confirmagdo da
esterilidade do conjunto. Apos este periodo, a amostra que mostrasse turvagao

do caldo BHI estava contaminada e, portanto, era descartada.

- Preparo do microrganismo

Cepas padrao de Enterococcus faecalis (cepa ATCC19433/Instituto Adolfo
Lutz) foram utilizadas para avaliar a infiltragdo coronaria das obturacdes.
Inicialmente foi realizada coloragdo Gram e analise da morfologia da cepa para
confirmagao de sua pureza. O microrganismo foi reativado em 4,0 mL de caldo
BHI esterilizado e mantido em estufa a 37 °C, durante 24 horas. Esta aliquota,
contendo E. faecalis foi transferida para um Elenmeyer contendo 100 mL de
caldo BHI esterilizado e incubado em estufa a 37 °C, durante 15 horas. Apds este
periodo o numero de E. faecalis presentes no caldo BHI foi avaliado por leitura
em espectrofotdmetro. A analise foi realizada por meio da contagem de unidades
formadoras de coldnia por mililitro de microrganismos, padronizando o in6culo em
10° UFC/mL.

- Teste de infiltragao coronaria

Para o teste de infiltragdo coronaria, aliquotas de 500 pL de cultura de E.
faecalis padronizadas foram transferidas para a parte superior dos tubos plasticos
ficando em contato com a porgao coronaria das obturacdes. Apos sete dias, o
caldo de BHI inoculado com E. faecalis foi trocado por uma nova aliquota de
500 pL de caldo BHI. Uma porc¢ao do caldo foi removida e utilizada para o teste
de viabilidade bacteriana. As amostras foram observadas diariamente, por um
periodo de 30 dias. Durante este periodo, se o meio BHI em contato com a
porcdo apical do remanescente radicular se apresentasse turvo, estava
constatada a infiltracdo coronaria. Portanto, nestes casos, houve passagem de E.

faecalis através da obturagao do canal radicular.

- Teste de viabilidade bacteriana
Os testes viabilidade bacteriana foram realizados com metade dos

espécimes de cada grupo alternados semanalmente. A cada troca do caldo BHI,
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100 yL do caldo presente na parte superior do tubo plastico e que seriam
descartados, foram transferidos para tubos de rosca de 13x100 mm, contendo
4 mL de caldo BHI estéril, e mantidos em estufa a 37 °C. A viabilidade bacteriana

foi constatada através da turvacao do meio de cultura.

BHI oroth with
- Enterococcus

Figura 1 — Montagem dos espécimes

- Anadlise dos resultados

Os dados obtidos com os resultados da infiltragdo coronaria foram
tabulados e submetidos a analise estatistica, utilizando teste exato de Fisher para
a infiltracdo e Shapiro-Wilk para analise da relacao infiltragdo/dia com nivel de

5% de significancia.

Avaliagoes da penetracao intratubular por MEV.

Todos os dentes foram seccionados perpendicularmente ao longo eixo da
raiz, nas alturas de 5 e 7 mm do apice da raiz anatdmica utilizando disco
diamantado de 0,3 mm, em velocidade lenta e com constante refrigeragao por
agua obtendo-se uma seccdo de 2mm de espessura da amostra de forma
circular. A superficie de corte de 5 mm foi selecionada para a analise, sendo,
para isso, desmineralizada com EDTA 15% por 10 min. Em seguida, para
remogao de residuos organicos, aplicou-se hipoclorito de sédio 5% por 10 min.
As amostras foram lavados com agua destilada e delicadamente secas com jato
de ar, sendo montados em suportes (stubs) de aluminio numerados, usando um
separador de carbono adesivo, e colocados em estufa a 50 °C por 48 h para
completa desidratacdo. As secgbes foram levadas ao metalizador ((Denton



Vacuum, mod. Desk Il, Moorestown, NJ, EUA) onde foram pulverizadas com ouro
antes da observagdo usando microscopio eletrénico de varredura (MEV). A
medida da profundidade maxima de penetragcdo do cimento (Fig.2A) para cada
amostra foi obtida por ferramenta de medicao calibrada (Fig.2B) incorporada ao

sistema de controle do microscépio (JEOL 6390, Tokyo, Japé&o).

15KV %1,000" 10pm'y % CEOSP 6380 15kV X100  100um CEOSP 6390

Figura 2 — Imagem de microscopia eletronica de varredura (MEV) para analise de
penetragao intratubular. (A) Presenca de fags de cimento endodéntico. (B) Medigao da

profundidade de penetragéo do cimento endoddntico.

Os valores de média e desvio-padrdao para a maxima penetracdo de
cimento nos tubulos dentinarios de cada um dos grupos experimentais foram
calculados. O teste de normalidade aplicado foi o de Shapiro-Wilk. Para analise
comparativa da penetracdo de cada cimento, os resultados foram submetidos ao
teste t para amostras independentes. O nivel de significancia foi estabelecido em
5%.
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Resultados

Testes de infiltragcao bacteriana:

Apds 30 dias de analise de infiltragdo bacteriana, dos 30 espécimes
utilizados no estudo, 18 apresentaram infiltracdo no periodo de teste. Destes, 12
haviam sido obturados com o cimento endodéntico MTA Fillapex e 6 com o
cimento AH Plus (Tabela 1).

infiltrados ndo infiltrados
FI 12 3
AH 6 9

Tabela 1 - Testes de infiltragao bacteriana em relacdo ao tamanho da amostra.
O p valor do teste exato de Fisher para comparagao dos grupos (AH e Fl)
foi igual a 0,0341. Assim, pode-se dizer que no periodo de 30 dias houve, do
ponto de vista estatistico, um maior numero de infiltrados no grupo FI (nivel de

significancia de 5%).

Testes de penetragao intratubular:

Os testes de penetracao intratubular indicaram uma distribuicdo normal
pelos testes de Shapiro-Wilk. Assim, para a variavel penetracao utilizou-se o
teste paramétrico Teste-t para amostras independentes. A analise estatistica

demonstrou diferencga entre os grupos Fl e AH (p < 0,05).

2500
2000
1500

1000

Penetragio um

500

D =)
Fl AH

Grafico 1 - Representagao grafica da penetracao intratubular (P=0,0006).
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Discussao

Em testes de infiltracdo por fluido, o AH Plus tem se mostrado superior ou
semelhante a outros cimentos resinosos (11, 12, 21). Em testes de push-out para
avaliacdo da adesdo as paredes dentinarias o MTA Fillapex demonstrou ser
inferior (22, 23) ou similar (24) ao cimento AH Plus. Em um trabalho com
infiltragcdo de corante azul de metileno 2%, a capacidade de selamento apical de
AH Plus e MTA foi semelhante, enquanto MTA Fillapex mostrou maior infiltracao
(25). Os testes de infiltracdo bacteriana usando o cimento MTA Fillapex tem se
mostrado divergentes, sendo entdo considerado semelhante (7) ou inferior (8)
quando comparados ao AH Plus, apesar de nenhum vedar totalmente os canais
(7, 8, 26).

O fato de serem metodologias diferentes, tempos diversos e os testes nao
serem, na sua maioria, com os dois materiais usados neste estudo, dificulta a
comparagao, mas no presente estudo, as amostras obturadas com AH Plus
apresentaram indice de infiltracdo menor quando comparado com o cimento MTA
Fillapex. O cimento AH Plus apresentou, apés 30 dias, 6 amostras infiltradas de
um total de 15 e o MTA Fillapex 12 de 15. Neste caso a Hipodtese nula foi
descartada, ndo concordando com o proposto.

E de conhecimento que o sistema obturador ndo é capaz de deter a
infiltracdo bacteriana por tempo indeterminado, mas o selamento com materiais
obturadores apropriados e restauradores, bem como forradores pode retardar
esta contaminacao (27).

A imagem produzida usando microscopia eletrénica de varredura (MEV)
permite a observacao altamente detalhada dos tubulos dentinarios, bem como a
integridade e a aparéncia da superficie da interface do cimento e dentina.
Permite, ainda, a observagao de cimento em locais distantes a partir da parede
do canal, possibilitando a medicdo precisa da profundidade de penetragdo. A
principal desvantagem desta técnica é a incapacidade de obter uma visdo geral
detalhada em baixa ampliacdo. Outra desvantagem € o potencial para produgao
de artefatos durante a preparagcdo das amostras para analise. Situacdes estas
mais faceis de detectar em trabalhos com corantes e microscopia optica (26).

A penetragao do cimento obturador nos tubulos € potencialmente benéfica

para o preenchimento do canal e deve-se as caracteristicas quimicas e fisicas
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dos cimentos. A penetracdo pode melhorar a retencdo mecanica do material e
bloquear mecanicamente os tubulos, o que potencialmente reduz a infiltragao
(26).

Em estudos usando microscopia confocal, com condensacao lateral, o
cimento MTA Fillapex apresentou maior penetracdo nos tubulos do que o AH 26
(28) e AH Plus (9), e, em outro estudo, semelhante ao AH Plus (29). Entretanto, o
cimento MTA Fillapex apresenta uma maior solubilidade e quantidade
consideravel de espacos na interface selante/dentina quando comparado ao
cimento AH Plus (29). Esta situacao foi comprovada em testes de solubilidade
onde o MTA Fillapex obteve maiores altera¢cdes morfologicas em todas as
superficies, com perda de matriz evidente, sendo o cimento AH Plus considerado
menos soluvel (2, 30, 31). A técnica obturadora tem relevancia na penetracao de
cimentos a base OZE (32), mas nao para o AH 26, sugerindo que a penetracao
dos cimentos a base de resina nos tubulos ndo é dependente das forcas
hidraulicas criadas durante o preenchimento e sim arrastado para os tubulos por
acao capilar (33).

A penetracido de cimento nos tubulos comparada com a infiltragao, usando
a técnica de infiltracdo de fluidos, nao apresentou correlagdo tanto na avaliagao
usando MEV (34) quanto quando utilizada a microscopia optica (35).

No presente trabalho, os dados da penetracdo intratubular, analisada
através de MEV, demonstraram que o MTA Fillapex mostrou resultados
estatisticamente inferiores quando comparados ao AH Plus.

Um estudo in vitro feito com cimento de Grossman foi efetuado e mesmo
sem a limpeza dos tubulos, uma penetragcdo média do cimento foi de 200 um, e
em alguns casos chegou até 900 um no terco médio (36), o que indica uma
media semelhante a que foi encontrada neste trabalho.

No presente trabalho a hipdtese nula, onde se acreditava que os materiais
se comportariam igualmente foi rejeitada no teste de infiltracdo bacteriana e
também para o teste de penetracao intratubular, sendo que o cimento AH Plus
(932,36 um) teve uma maior profundidade de penetragdo quando comparado ao
MTA Fillapex (384,35um).

Capacidade de escoamento, viscosidade e tamanho das particulas

exercem influéncia significativa na capacidade de penetracdo dos cimentos no
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tecido dentinario. Os testes fisico-quimicos com o MTA Fillapex indicam que o
mesmo esta nos padroes ISO 6876/2001(1, 2), o que dificulta o entendimento do
motivo pelo qual este cimento teve menor penetracdo nos tubulos dentinarios.
Em termos de coibir a penetragdo da bactéria Enterococcus Faecalis seria
importante ter mais estudos com a mesma metodologia para analisarmos o0s
dados encontrados, pois os mesmos ainda sao conflitantes com pouca literatura
existente (7, 8). O método in vitro é valido para determinar o selamento e
penetracdo das obturagdes nos canais radiculares (28), porém, os resultados de
pesquisas usando infiltracao bacteriana in vitro sdo um indicativo € ndo podem
ser transferidas para as condi¢cdes in vivo. Alguns fatores como o numero de
bactérias necessario para o inicio de um processo inflamatorio, que ainda
permanece desconhecido, e fatores imunoldgicos, certamente terdo efeito sobre
o reparo, mas dificilmente poderao ser reproduzidas nos estudos in vitro. Fatores
como o processamento e limpeza da pega, secagem, variagdes no dente, tipo de
dente, idade do paciente, bem como a utilizagdo de métodos diferentes de
visualizagdo podem explicar a diferengca de resultados encontrados neste e em
outros estudos. Novas pesquisas com metodologias padronizadas seriam

importantes para um resultado mais coeso.
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Conclusao

Considerando a metodologia empregada e os resultados observados,
pode-se concluir que os espécimes obturados com o cimento AH Plus
promoveram uma melhor penetracdo do cimento nos tubulos dentinarios em
comparagao com os obturados com MTA Fillapex.

Em relacdo a infiltragcdo bacteriana, os resultados mostraram que o MTA
Fillapex teve uma maior penetracdo bacteriana através da coroa do que o AH

Plus, sendo esta diferenga estatisticamente significante, entre os dois materiais.
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Abstract

Objective: To evaluate in vitro penetration depth of two different sealers in
dentinal tubules and evaluate bacterial infiltration in fillings with AH Plus and MTA
Fillapex cements.

Materials and Methods: Human premolars single rooted were selected. The
crowns removed and standardized roots with 16 mm were randomly divided into
two groups of 15 specimens instrumented with rotary system Pro Taper, one
group obturated with AH cement Plus (AH Group) and the other with MTA Fillapex
(FI Group) by lateral condensation technique. 4 specimens were used as negative
and positive control. The roots were kept in an oven at 37°C, sterilized in ethylene
oxide gas and assembled into eppendorf for assessment of coronary infiltration to
bacteria Enterococcus faecalis. The samples were observed daily for 30 days for
confirmation or not the turbidity in the culture medium in contact with the apical
portion. After the first test, the same specimens were sectioned at 5 and 7 mm
from the apex, forming a thickness of 2 mm section, the faces of 5mm sections of
the apex were then metallized and analyzed by SEM, to assess the depth
penetration in dentinal tubules (magnification 1000x).

Results: For bacterial infiltration, considering the number of infiltrated
samples AH and MTA Fillapex, we used the Fisher's exact test (p = 0.0341) where
there was a statistically significant difference. In the evaluation of intratubular
penetration when applied t-test, the difference between the two groups of cement
was statistically significant (P = 0.0006).

Conclusions: Both cements showed bacterial infiltration and the MTA
Fillapex had worse performance, capabilities to enter the dentinal tubules AH Plus
was significantly higher than the MTA Fillapex.

Keywords: sealers, intratubular penetration, bacterial infiltration, AH Plus,
MTA Fillapex.
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Introduction

The MTA Fillapex sealer (Angelus, Londrina, PR, Brazil) has in its
formulation a resinous base which makes it suitable for use with shutters cones,
has good flow characteristics, working time, and alkaline pH, these important
features in filling and maintaining sterility of the root canal system (1, 2),
furthermore, one of the first sealers which has in its composition the MTA that is
comparable to calcium hydroxide in terms of tissue repair (3) when applied
directly to tissues induces the repair, one bioactive materials (4, 5).

The MTA Fillapex shown to have the ability to repair tissue, although
greater inflammatory response when compared to MTA (6). In tests with bacterial
infiltration, divergent results place the MTA Fillapex as similar (7) or less than AH
Plus (8). With respect to dentin tubular penetration tests using confocal
microscopy showed a higher penetration when compared to MTA Fillapex AH
Plus (9).

The resin cement AH Plus (trey- from Dentsply, Konstanz, Germany) is an
insoluble cement to fabrics and with good ability to apical seal, which keeps lower
infiltration levels relative to other materials such as Epiphany Apexit and Ketac
Endo- (10, 11, 12). It is the preferred cement infiltration in comparative studies (7,
8) and intratubular penetration (9) evaluating new cements such as Fillapex MTA.

The most commonly used methods for evaluating the infiltration of fillings
has been the filtration of fluids (11, 13) and the bacterial infiltration (12, 14, 15).
This biological analyzes verify the bacteria penetration in the interface dentin /
filling material towards apex crown.

Bacterial leakage surveys are usually made with Enterococcus faecalis
strain due to the fact this is one of the toughest in periapical inflammatory
processes. It also has great penetration capacity in the dentinal tubules, being
able to remain viable for months and even years, even in unfavorable conditions
such as alkaline environments and can become pathogenic when the environment
becomes favorable (12, 16, 17, 18).

The bacteria are most commonly present in the middle third region than in
the apical region of the channels (14), the existence of periapical lesions
stimulated by these bacteria becomes less likely when there is a better apical seal

of the root canal (19). Bacteria can remain viable for a long period and the
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complete elimination of the channels only with cleaning is difficult to achieve, even
if it is performed adequately (18). Based on the above the study was to analyze by
comparison, AH Plus and MTA Fillapex cements the methods of bacterial
infiltration and scanning electron microscopy (SEM). The null hypothesis is that
there is no difference between the materials sealers AH Plus and MTA Fillapex in
both the tests.
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Material and Methods

Thirty-four human premolars extracted monorradiculados were selected by
the PUCPR teeth Bank for this research. The study was approved by the Ethics
Committee in Research with Human Beings, under n° protocol 1373/2011. Only
teeth were selected with complete apex, straight and unique roots; teeth had
extensive tooth decay, open apexes, root resorption or cracking apical laceration
or forks were not included.

To prove the presence of single channel were performed preoperative
radiographs in buccolingually and mesiodistally. Dental crowns of all teeth were
removed with diamond disc, so that each specimen stayed standardized 16 mm
root length from the apex.

Instrumentation and filling of channels

For the removal of the pulp tissue and determining the real root length were
used instruments 15 K-Flexofile (Dentsply-Maillefer, Ballaigues, Switzerland). The
instrument was introduced in the channel until the tip was visible at the apical
foramen. From this measure 1 mm was reduced to establish the working length.
The patency was confirmed by inserting an instrument 25 K-Flexofile through the
apical foramen before and after the root canal preparation.

Each root canal was then instrumented by crown-down technique, using
rotary instruments of nickel-titanium ProTaper (Dentsply Maillefer, Ballaigues,
Switzerland), ending with the F4 file, and all the instruments were used until the
length of work. Each exchange tool root canals irrigated with 3 ml of 2.5% sodium
hypochlorite (NaOCI - Labarraque solution).

After instrumentation, all root canals were washed with 5 ml of 2.5%
NaOCI. Then they were filled with 3 ml 17% EDTA solution for 3 minutes to
remove the smear layer (20). A final irrigation was performed with 5 ml of saline
solution and the channels were dried with absorbent paper points.

To carry out the filling of canals, 34 roots prepared, 4 were used for the
positive and negative controls and 30 were randomly divided into 2 groups of 15

specimens each. For each of these groups, a type of sealer was used.
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* AH group (n = 15): gutta-percha and sealer AH Plus;
* Fl group (n = 15): gutta-percha and cement MTA Fillapex.

All canals were filled by the technique of lateral condensation, where the
cement was previously inserted to the root canal with the help of a Lentullo # 4
(Dentsply Maillefer, Ballaigues, Switzerland), followed by the introduction of the
F4 main cone (Dentsply Maillefer, Ballaigues, Switzerland) on the length of work.
The implementation of lateral condensation technique was performed with the aid
of a digital spacer C (Dentsply-Maillefer, Ballaigues, Switzerland) allowing the
insertion and lateral compression B7 accessories cones, until the complete filling
of the root canal after the vertical compression is done with instrumental de Paiva.

For bacterial leakage test specimens 4 were prepared as control. For the
positive control two specimens were filled only with gutta-percha, without adding
any sealer. For the negative control other two specimens were filled following the
techniques of case groups (AH group and FI group), one specimen for each
cement.

Completed the fillings, all teeth were stored in an oven at 100% humidity

and 37 ° C for 2 weeks to ensure the prey of materials.

Bacterial infiltration test

Microbiological Evaluation (20)

- Waterproofing of root remnants

Before beginning the tests the outer surface of the teeth was waterproofed
with two Araldite epoxy adhesive layer quick setting - 10 minutes (Brascola,
Joinville, Brazil). In specimens of the experimental groups and positive control,
sealing was carried out by 1 mm below the mouth of the root canal and the apical
foramen. Specimens in the negative control group, the waterproofing included the
region of the apical foramen, remaining without waterproofing layer only the

mouth of the root canals.

- The root remnants Mount plastic pipes and sterilizing sets
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The 34 specimens were mounted to bacterial infiltration. To this end, they
used micro polypropylene tubes (tubes for centrifuge Eppendorf type) with 1.5 mL
capacity. The tips of the tubes were sectioned transversely with a carborundum
disk, so that when inserting the specimens, approximately 3 mm from its apical
portion was projected out of the plastic tube.

The junction between the root and the remaining eppendorf was sealed
with quick-setting Araldite. After assembly of the remaining root, the tubes were
labeled with the number corresponding to each sample and group. Then, the sets
(root and remainder plastic tubes) were placed in 15ml glass vials transparent,
sterile containing a cutting foil (5 x 5 cm). The jars containing the sets were
plugged with cotton and individually packaged for sterilization with ethylene oxide
gas at 56 ° C. All subsequent steps were performed in the sterilization laminar

flow hood to prevent contamination of the samples.

- Mounting device for leakage testing

For bacterial penetration test was used BHI broth (Brain Heart Infusion)
(Acumedia, USA) prepared according to the manufacturer's instructions (ratio 37 g
of powder to 1000 ml of distilled water) and autoclaved at 120 ° C for 20 minutes
and kept in the refrigerator for 24 hours. Thereafter 7 mL of the BHI solution was
dispensed into each of 34 sterile glass vials. The joint (plastic-tubes specimens)
were mounted inside the glass bottles so that the apical portion of the specimens
was immersed in BHI broth. The top of the device was covered with aluminum
and paper sterile parafim. The devices were numerically identified and
maintained in oven at 37 ° C for four days to confirm the sterility of the assembly.
After this period, the sample that showed turbidity of BHI broth was contaminated

and therefore was discarded.

- Microorganism preparation

Standard strains of Enterococcus faecalis (ATCC19433 strain / Adolfo Lutz
Institute) were used to evaluate the coronal leakage of fillings. Initially Gram
staining and analysis of the morphology of the strain to confirm its purity was
performed. The microorganism was reactivated in 4.0 ml of sterile BHI broth and
maintained in oven at 37 ° C for 24 hours. This aliquot containing E. faecalis was

transferred to a Elenmeyer containing 100 ml of sterile BHI broth and incubated in

26



an incubator at 37 ° C for 15 hours. After this period the number of E. faecalis
present in BHI broth was assessed by spectrophotometer reading. The analysis
was performed by counting of colony forming units per milliliter of microorganisms,

standardizing the inoculum of 109 CFU / mL.

- Coronal leakage test

For coronal leakage test, aliquots of 500 uL standardized culture of E.
faecalis were transferred to the top of the plastic tube being in contact with the
coronal portion of the filling. After seven days, the BHI broth was inoculated with
E. faecalis exchanged for a new aliquot of 500 uL of BHI broth. A portion of the
broth was removed and used for the bacterial viability test. Samples were
observed daily for a period of 30 days. During this period, the BHI medium in
contact with the apical portion of the root remaining cloudy presented itself, the
coronal leakage was detected. Therefore, in these cases, there was passage of E.

faecalis by root canal filling.

- Bacterial viability test

The bacterial viability tests were performed with half of the specimens of
each group alternating weekly. Each exchange BHI broth, 100 uL of this juice on
top of the plastic and which would be disposed tube were transferred to a 13x100
mm screw-top tubes containing 4 ml of sterile BHI broth, and maintained in oven

at 37 ° C. The bacterial viability was observed by turbidity of the culture medium.

BHI sroth with
_ Enterococcus

Figure 1 — Installation of the sample
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- Analysis of the results
The data obtained from the results of coronal leakage were tabulated and
statistically analyzed using Fisher's exact test for infiltration and Shapiro-Wilk for

analysis of the relationship infiltration / day with the 5% level of significance.

Reviews penetration intratubular SEM.

All teeth were sectioned perpendicular to the long axis of the root, the
heights of 5 to 7 mm of the anatomical root apex using diamond disk of 0.3 mm,
with constant speed and slow cooling with water to give a section of 2mm
thickness of the sample in a circular fashion. The cut surface of 5 mm was
selected for the analysis, and for this, demineralized with 15% EDTA for 10 min,
then to remove organic residue was applied to 5% sodium hypochlorite for 10 min.
The samples were then washed with distilled water and gently dried with
compressed air. The samples were then mounted on supports (stubs) numbered
aluminum, using an adhesive carbon tab and placed in an oven at 50 ° C for 48 h
to complete dehydration. The sections were then taken to sputter ((Denton
Vacuum, mod. Desk Il, Moorestown, NJ, USA) where they were sprayed with gold
prior to observation using a scanning electron microscope (SEM). The measure of
the maximum cement penetration depth ( Fig.2A) for each sample was obtained
by calibrated measurement tool (Fig.2B) incorporated to the microscope control
system (6390 JEOL, Tokyo, Japan).

15KV %1,000" 10pm s % CEOSP 6390 N 15kV X100  100pm CEOSP 6390

Figure 2 — Image scanning electron microscopy (SEM) to intratubular penetration analysis. (A)

Presence of endodontic cement tags. (B) measuring the depth of penetration of the sealer.
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The mean and standard deviation for the maximum penetration of the
cement dentinal tubules of each of the experimental groups were calculated. The
normality test was applied the Shapiro-Wilk. For comparative analysis of each
cement penetration was the results were analyzed by t test for independent

samples. The level of significance was set at 5%.
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Results

Testes de infiltragcao bacteriana:

After 30 days, analysis of bacterial infiltration of the 30 specimens used in
the study, 18 had infiltrating the test period. Of these, 12 had been filled with the
sealer and MTA Fillapex 6 with cement AH Plus (Table 1).

departed uninfiltraded
FI 12 3
AH 6 9

Table 1 - bacterial infiltration tests in relation to the size of the sample.

The p value Fisher's exact test to compare groups (AH and Fl) was equal to
0.0341. Thus, it can be said that the 30-day period there was a statistical point of

view, a greater number of infiltrates in the group FI (5% significance level).

Intratubular penetration tests:

The intratubular penetration tests indicated a normal distribution using the
Shapiro-Wilk test. Thus, for variable penetrance used to test the parametric t-test
for independent samples. Statistical analysis showed the difference between the
Fl and AH groups (p <0.05).

2500
2000
1500

1000

Penetragdo um

500

D =)
Fl AH

Graphical 1 - Graphical representation of intratubular penetration (P = 0.0006).
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Discussion

In fluid infiltration tests AH Plus has been shown to be greater than or
similar to other resin cements (11, 12, 21). In push-out tests to evaluate the
adhesion to the walls dentinal the MTA Fillapex proved to be lower (22, 23) or
similar (24) to cement AH Plus. In a paper with blue dye leakage methylene 2%,
the apical sealing ability of AH Plus and MTA was similar, while MTA Fillapex
showed greater infiltration (25). The bacterial leakage tests using the MTA
Fillapex cement has shown conflicting then being considered similar (7) or lower
(8) compared to AH Plus, although none completely seal the channels (7, 8, 26).

The fact that they are different methodologies, different times and the tests
are not, for the most part, with the two materials used in this study, difficult to
compare, but in this study, plugged samples with AH Plus had lower infiltration
rate when compared to Fillapex the MTA cement. The AH Plus sealer presented
after 30 days, 6 infiltrated samples from a total of 15 and the MTA Fillapex 12 15.
In this case the null hypothesis was discarded, not agreeing with the proposal.

It is known that the shutter system is not capable of stopping bacterial
infiltration indefinitely, but sealing with appropriate filling materials and restorers
as well as liners may slow this contamination (27).

The image produced using scanning electron microscopy (SEM) allows
highly detailed observation of dentinal tubules, as well as the integrity and
appearance of the surface of the cement and dentin interface. It also allows the
cement observation in locations distant from the channel wall, allowing the precise
measurement of the depth of penetration. The main disadvantage of this
technique is the inability to obtain a comprehensive overview at low magnification.
Another drawback is the potential for the production of artifacts during the
preparation of samples for analysis. These situations easier to spot when working
with dyes and optical microscopy (26).

The penetration of the sealer in the tubules is potentially beneficial to the
filling of the canal and is due to chemical and physical characteristics of cement.
The penetration can enhance mechanical retention of the material and

mechanically blocking the tubules, which potentially reduces the infiltration (26).
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In studies using confocal microscopy, with lateral condensation, the MTA
Fillapex cement showed the highest penetration in the tubules of the AH 26 (28)
and AH Plus (9), and in another study, similar to the AH Plus (29). However, the
MTA cement Fillapex presents greater solubility and a considerable amount of
space at the interface sealant / dentin compared to AH Plus cement (29). This
was confirmed in tests in which the solubility MTA Fillapex more morphological
alterations obtained on all surfaces, with obvious loss of matrix and AH Plus
considered less soluble cement (2, 30, 31). The technique obturator has
relevance in the penetration of cement-based eugenol (32), but not to the HA 26,
suggesting that the penetration of resin-based cements in the tubules is not
dependent on the hydraulic forces created during filling but drawn to tubules by
capillary action (33).

The cement penetration in the tubules compared to infiltration, using the
fluid infiltration technique, not correlated both in the evaluation using SEM (34)
and when using the optical microscopy (35).

In this study, data from intratubular penetration, analyzed by SEM showed
that the MTA Fillapex statistically inferior results when compared to AH Plus.

An in vitro study done with Grossman cement was made and even without
cleaning the tubules, an average cement penetration was 200 um, and in some
cases up to 900 um reached in the middle third (36), which indicates a Average
similar to that found in this study.

In this work the null hypothesis, where it was believed that the materials
would behave was also rejected in bacterial leakage test and also for intratubular
penetration test, and the AH Plus cement (932.36um) had a greater depth
penetration when compared to MTA Fillapex (384,35um).

Ability to flow, viscosity and particle size exert significant influence on the
cement penetration capacity in the dentin tissue. The physical and chemical tests
with the MTA Fillapex indicate that it is in the ISO 6876/2001 standards (1, 2),
which hinders the understanding of why this cement had lower penetration in the
dentinal tubules. In terms of curbing the penetration of Enterococcus faecalis
bacteria would be important to have more studies with the same methodology to
analyze the data found, as they are still competing with little existing literature (7,

8). The in vitro method is valid to determine the sealing and penetration of fillings
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in the root canal (28), however, the results of research using bacterial infiltration in
vitro are indicative and may not be transferred to in vivo conditions. Such factors
as the number of bacteria required for the initiation of an inflammatory process,
which remains unknown, and immunological factors, certainly have effect on the
repair, but can hardly be reproduced in vitro studies. Factors such as the
processing and cleaning of the workpiece, drying, variations in the tooth, type of
tooth, age of the patient as well as the use of different display methods may
explain the difference in results of this and other studies. New research with

standardized methodologies would be important for a more cohesive result.
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Conclusion

Considering the methodology and the results observed, it can be concluded
that the specimens filled with AH Plus cement promoted better penetration of

cement in dentinal tubules compared to filled with MTA Fillapex.

Regarding the bacterial infiltration, the results showed that the MTA
Fillapex had a higher bacterial penetration through the crown of the AH Plus,

which is statistically significant difference between the two materials.
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ANEXO

Parecer de comité de ética

W unioeste (=

Universidade Estadual do Oeste do Parana
Gosin Aprovado na
Pré-Reitoria de Pesquisa e Pos-Graduagio CONEP em 04/08/2000

Comité de Etica em Pesquisa — CEP
PARECER 436/2011-CEP

Projeto de Tese de Doutorado,
pesquisador responsavel: Ediuilson
Llo Lisboa do Centro de Ciéncias
Biolégicas e da Saude Campus de

Cascavel.

O Comité de Etica em Pesquisa da Universidade Estadual do
Oeste do Parand analisou em sessdo ordindria do dia 24/11/2011,
Ata 010/2011 - CEP, o processo CR n° 1373/2011, referente ao
projeto, intitulado “Avaliagdo da Infiltragcdo e penetragao
intratubular em dentes obturados com os cimentos endoddnticos MTA

Fillapez e AH Plus”.
Periodo da vigéncia: Outubro de 2011 a Outubro de 2012.

Assim, em conformidade com os requisitos éticos, somos de parecer
favoravel a realizagdo do projeto classificando-o como APROVADO,
pois o mesmo atende aos requisitos fundamentais da Resolugédo
196/96 e suas complementares do Conselho Nacional de Satde.

Deverd ser encaminhado ao CEP o relatdrio final da pesquisa e/ou a
publicagdo de seus resultados, para acompanhamento, bem como

comunicada qualquer intercorréncia ou a sua interrupgédo.

Cascavel, 24 de Novembro de 2011.

Ads % Lol

ANELINE MARIA RUEDELL

Coordenadora do CEP/Unioceste
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Metodologia complementar

Figura 4 - Cortadora de precisio

Figura 5 - Disco de Corte
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Figura 6 - Metalizacao

Figura 7 - Espécimes metalizadas (direita) e
montadas nos stubs (esquerda)

Figura 8 - Obtencao das imagens
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Figura 9 - visualizacido do cimento no ponto mais distante encontrado do AH Plus (a) do Fillapex (b) e sem
penetraciio do Fillapex (c)
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Analise estatistica

Teste de normalidade para os dados de penetragao intra-tubular (um)

Teste de Shapiro-Wilk

HO: a variavel penetragao é normalmente distribuida;

H1: a variavel penetragao nao apresenta normalidade em sua distribuigcao;

Resultados -1- -2-
Tamanho da amostra = 15 15
Média = 932.3680 384.0960
Desvio padrao = 426.4659 345.7779
W = 0.9293 0.9006
p= 0.3313 0.0990

Tabela 2 - Representacédo esquematica dos testes de normalidade (Shapiro-Wilk)

Aceitou-se HO. Os dois grupos apresentam distribuicdo normal. Assim,

para a variavel penetragao pode-se usar um teste paramétrico.

Teste t para amostras independentes:

HO: ndo ha diferenga entre os grupos para a quantidade de penetragao;

H1: ha diferenga entre os grupos para a quantidade de penetragao;

AH Plus Fillapex
Tamanho = 15 15
Média = 932.3680 384.0960
Variancia = 181873.1231 119562.342
5
Desvio padrao = 426.4659 345.7779

Homocedasticida

de
Variancia = 150717.7328 -
t= 3.8676
Graus de liberdade = 28 —
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p (unilateral) = 0.0003
p (bilateral) = 0.0006
Poder (0.05) 0.9869
Poder (0.01) 0.9379
Diferenca entre as médias = 548.2720 --
IC 95% (Dif. entre médias) = 257.9490 a
838.5950
IC 99% (Dif. entre médias) = 156.5911 a -
939.9529

Tabela 3- Teste t para amostras independentes

Rejeitou-se a HO. Houve diferencga estatistica significativa entre os grupos

para a variavel avaliada (p<0,05).

Penetragaon
um
2500
2000
1500
1000

500

Grafico 1 - Representagédo esquematica dos resultados isolados da metodologia de

penetracao intratubular do AH Plus e Fillapex (em um).

t- Teste: Admoztraz Independentes

AH Pluz Fillapex
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Resultados Infiltragao

Os testes de infiltragao bacteriana em relagdo ao tamanho da amostra:

infiltrados nao infiltrados

FI 12 3
AH 6 9

Tabela 1 - nimero de espécimes infiltrados

14
12
10
8 -
HF
6 - W ah
4 -
2 -
0 -
infiltrados nado infiltrados

Grafico 3 - numero de espécimes infiltrados

Teste exato de Fisher

O p valor do teste exato de Fisher para comparagao dos grupos (ah e Fl)
foi igual a 0,0341. Assim, pode-se dizer que no periodo de 30 dias houve, do
ponto de vista estatistico, um maior numero de infiltrados no grupo Fl (nivel de

significancia de 5%).
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Distribuicao da amostra e tabulagdo:

Infiltragdes em dias AH

Infiltragdes em dias Fl

AH

Dia

FI

Dia

O LU mnmn O O O O O o o o o

13
14
15

13
14
15

14
15

O O O OO O O O oo o o o o o

16
17
18
19
20
23
24
25
26
27
28
29
30

21
22

16
17
18
19
20
22
23
24
25
26
27
28
29
30

21

12

Tabela 6- Resultados da infiltragdo bacteriana
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AH Plus
Amostra 01
Amostra 02
Amostra 03
Amostra 04
Amostra 05
Amostra 06
Amostra 07
Amostra 08
Amostra 09
Amostra 10
Amostra 11
Amostra 12
Amostra 13
Amostra 14
Amostra 15

Média

pm
1008
710,5
526,56
1350
217,71
1230
912,15
1490
233,03
1280
1090
1450
1260
494,51
733,06
932,368

Fillapex
Amostra 01
Amostra 02
Amostra 03
Amostra 04
Amostra 05
Amostra 06
Amostra 07
Amostra 08
Amostra 09
Amostra 10
Amostra 11
Amostra 12
Amostra 13
Amostra 14
Amostra 15

pm

308,01
1020
670,32
308,76
0
0
728,38
209,7
164,98
230,24
531,03
850,11
0
739,91
384,096

Tabela 7- Resultados da infiltracdo penetracdo intratubular em MEV
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For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see http://www.elsevier.com/OAauthoragreement). Permitted third
party reuse of open access articles is determined by the author's choice of user license
(seehttp://www.elsevier.com/openaccesslicenses).

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more information
seehttp://www.elsevier.com/copyright.

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

49



collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit the
article for publication. If the funding source(s) had no such involvement then this should be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply with
their funder's open access policies. Some authors may also be reimbursed for associated publication fees. To
learn more about existing agreements please visit http://www.elsevier.com/fundingbodies.

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 (http://webshop.elsevier.com/languageediting/) or visit our
customer support site (http://support.elsevier.com) for more information.

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/joe/.

n Preparation

General Points on Composition

Authors are strongly encouraged to analyze their final draft with both software (eg, spelling and grammar
programs) and colleagues who have expertise in English grammar. References listed at the end of this
section provide a more extensive review of rules of English grammar and guidelines for writing a scientific
article. Always remember that clarity is the most important feature of scientific writing. Scientific articles must
be clear and precise in their content and concise in their delivery because their purpose is to inform the
reader. The Editor reserves the right to edit all manuscripts or to reject those manuscripts that lack clarity or
precision or that have unacceptable grammar or syntax. The following list represents common errors in
manuscripts submitted to the Journal of Endodontics:

a. The paragraph is the ideal unit of organization. Paragraphs typically start with an introductory sentence that
is followed by sentences that describe additional detail or examples. The last sentence of the paragraph
provides conclusions and forms a transition to the next paragraph. Common problems include one-sentence
paragraphs, sentences that do not develop the theme of the paragraph (see also section “c,” below), or
sentences with little to no transition within a paragraph.

b. Keep to the point. The subject of the sentence should support the subject of the paragraph For example,
the introduction of authors’ names in a sentence changes the subject and lengthens the text. In a paragraph
on sodium hypochlorite, the sentence, “In 1983, Langeland et al, reported that sodium hypochlorite acts as a
lubricating factor during instrumentation and helps to flush debris from the root canals” can be edited to:
“Sodium hypochlorite acts as a lubricant during instrumentation and as a vehicle for flushing the generated
debris (Langeland et al, 1983).” In this example, the paragraph’s subject is sodium hypochlorite and
sentences should focus on this subject.

c. Sentences are stronger when written in the active voice, that is, the subject performs the action. Passive
sentences are identified by the use of passive verbs such as “was,” “were,” “could,” etc. For example:
“Dexamethasone was found in this study to be a factor that was associated with reduced inflammation,” can
be edited to: “Our results demonstrated that dexamethasone reduced inflammation.” Sentences written in a
direct and active voice are generally more powerful and shorter than sentences written in the passive voice.

” o«
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d. Reduce verbiage. Short sentences are easier to understand. The inclusion of unnecessary words is often
associated with the use of a passive voice, a lack of focus, or run-on sentences. This is not to imply that all
sentences need be short or even the same length. Indeed, variation in sentence structure and length often
helps to maintain reader interest. However, make all words count. A more formal way of stating this point is
that the use of subordinate clauses adds variety and information when constructing a paragraph. (This
section was written deliberately with sentences of varying length to illustrate this point.)

e. Use parallel construction to express related ideas. For example, the sentence, “Formerly, endodontics was
taught by hand instrumentation, while now rotary instrumentation is the common method,” can be edited to
“Formerly, endodontics was taught using hand instrumentation; now it is commonly taught using rotary
instrumentation.” The use of parallel construction in sentences simply means that similar ideas are expressed
in similar ways, and this helps the reader recognize that the ideas are related.

f. Keep modifying phrases close to the word that they modify. This is a common problem in complex
sentences that may confuse the reader. For example, the statement, “Accordingly, when conclusions are
drawn from the results of this study, caution must be used,” can be edited to “Caution must be used when
conclusions are drawn from the results of this study.”

g. To summarize these points, effective sentences are clear and precise, and often are short, simple and
focused on one key point that supports the paragraph’s theme.

h. Authors should be aware that the JOE uses iThenticate, plagiarism detection software, to ensure originality
and integrity of material published in the journal. The use of copied sentences, even when present within
quotation marks, is highly discouraged. Instead, the information of the original research should be expressed
by the new manuscript author’'s own words, and a proper citation given at the end of the sentence. Plagiarism
will not be tolerated and manuscripts will be rejected or papers withdrawn after publication based on unethical
actions by the authors. In addition, authors may be sanctioned for future publication.

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: http://www.elsevier.com/guidepublication). 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.

Essential title page information

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

» Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each
author and check that all names are accurately spelled. Present the authors' affiliation addresses (where the
actual work was done) below the names. Indicate all affiliations with a 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. If an author has moved since the work described in the article was done, or
was visiting at the time, a 'Present address' (or 'Permanent address') 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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Structured abstract

A structured abstract, by means of appropriate headings, should provide the context or background for the
research and should state its purpose, basic procedures (selection of study subjects or laboratory animals,
observational and analytical methods), main findings (giving specific effect sizes and their statistical
significance, if possible), and principal conclusions. It should emphasize new and important aspects of the
study or observations.

Abstract Headings
Introduction, Methods, Results, Conclusions

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with abbreviations:
only abbreviations firmly established in the field may be eligible. These keywords will be used for indexing
purposes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not,
therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals who
provided help during the research (e.g., providing language help, writing assistance or proof reading the
article, etc.).

The authors deny any conflicts of interest related to this study.
Original Research Article Guidelines

Title Page

The title describes the major emphasis of the paper. It must be as short as possible without loss of clarity.
Avoid abbreviations in the title because this may lead to imprecise coding by electronic citation programs
such as PubMed (eg, use sodium hypochlorite rather than NaOCI). The author list must conform to published
standards on authorship (see authorship criteria in the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals at www.icmje.org). Include the manuscript title; the names and affiliations of all authors;
and the name, affiliation, and full mailing address (including e-mail) of the corresponding author. This author
will be responsible for proofreading page proofs and ordering reprints when applicable. Also highlight the
contribution of each author in the cover letter.

Abstract

The Abstract concisely describes the purpose of the study in 250 or fewer words. It must be organized into
sections: Introduction, Methods, Results, and Conclusions. The hypothesis is described in the Abstract
Introduction. The Abstract describes the new contributions made by this study. The Abstract word limitation
and its wide distribution (eg, PubMed) make it challenging to write clearly. This section is written last by many
authors. Write the abstract in past tense because the study has been completed. Provide 3-5 keywords.

Introduction

The introduction briefly reviews the pertinent literature in order to identify the gap in knowledge that the study
is intended to address and the limitations of previous studies in the area. Clearly describe the purpose of the
study, the tested hypothesis, and its scope. Many successful manuscripts require no more than a few
paragraphs to accomplish these goals; therefore, do not perform extensive literature review or discuss the
results of the study in this section.

Materials and Methods

The Materials and Methods section is intended to permit other investigators to repeat your experiments.
There are 4 components to this section: (1) detailed description of the materials used and their components,
(2) experimental design, (3) procedures employed, and (4) statistical tests used to analyze the results. Most
manuscripts should cite prior studies that used similar methods and succinctly describe the essential aspects
used in the present study. A "methods figure" will be rejected unless the procedure is novel and requires an
illustration for comprehension. If the method is novel, then you must carefully describe the method and
include validation experiments. If the study used a commercial product, the manuscript must either state that
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you followed manufacturer’s protocol or specify any changes made to the protocol. If the study used an in
vitro model to simulate a clinical outcome, describe either experiments made to validate the model or
previous literature that proved the clinical relevance of the model. The statistical analysis section must
describe which tests were used to analyze which dependent measures; P values must be specified.
Additional details may include randomization scheme, stratification (if any), power analysis as a basis for
sample size computation, dropouts from clinical trials, the effects of important confounding variables, and
bivariate versus multivariate analysis.

Results

Only experimental results are appropriate in this section; do not include methods, discussion, or conclusions.
Include only those data that are critical for the study, as defined by the aim(s). Do not include all available
data without justification; any repetitive findings will be rejected from publication. All Figures, Charts, and
Tables must be cited in the text in numerical order and include a brief description of the major findings.
Consider using Supplemental Figures, Tables, or Video clips that will be published online. Supplemental
material often is used to provide additional information or control experiments that support the results section
(eg, microarray data).

Figures

There are 2 general types of figures: type 1 includes photographs, radiographs, or micrographs; type 2
includes graphs. Type 1: Include only essential figures and use composite figures containing several panels
of photographs, if possible. Each panel must be clearly identified with a letter (eg, A, B, C), and the parts must
be defined in the figure legend. A figure that contains many panels counts as 1 figure. Type 2: Graphs (ie, line
drawings including bar graphs) that plot a dependent measure (on the Y axis) as a function of an independent
measure (usually plotted on the X axis). One example is a graph depicting pain scores over time. Use graphs
when the overall trend of the results is more important than the exact numeric values of the results. A graph is
a convenient way to report that an ibuprofen-treated group reported less pain than a placebo-treated group
over the first 24 hours, but pain reported was the same for both groups over the next 96 hours. In this case,
the trend of the results is the primary finding; the actual pain scores are not as critical as the relative
differences between the NSAID and placebo groups.

Tables

Tables are appropriate when it is critical to present exact numeric values; however, not all results need be
placed in either a table or figure. Instead of a simple table, the results could state that there was no inhibition
of growth from 0.001%-0.03% NaOCI, and a 100% inhibition of growth from 0.03%-3% NaOCI (N=5/group). If
the results are not significant, then it is probably not necessary to include the results in either a table or as a
figure.
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All authors must affirm that they have no financial affiliation (eg, employment, direct payment, stock holdings,
retainers, consultantships, patent licensing arrangements, or honoraria), or involvement with any commercial
organization with direct financial interest in the subject or materials discussed in this manuscript, nor have any
such arrangements existed in the past 3 years. Disclose any potential conflict of interest. Append a paragraph
to the manuscript that fully discloses any financial or other interest that poses a conflict. Disclose all sources
and attribute all grants, contracts, or donations that funded the study. Specific wording: "The authors deny
any conflicts of interest related to this study.”

References

The reference style can be learned from reading past issues of JOE. References are numbered in order of
citation. Place text citation of the reference Arabic number in parentheses at the end of a sentence or at the
end of a clause that requires a literature citation. Do not use superscript for references. Original reports are
limited to 35 references. There are no limits in the number of references for review articles.

Other Article Types and Guidelines

Manuscripts submitted to JOE that are not Original Articles must fall into one of the following categories.
Abstract limit: 250 words. Note that word limits, listed by type, do not include figure legends or References. If
you are not sure whether your manuscript falls within one of the categories listed or if you would like to
request pre-approval to submit additional figures, contact the Editor at JEndodontics@uthscsa.edu.
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CONSORT Randomized Clinical Trial

Must strictly adhere to the Consolidated Standards of Reporting Trials—CONSORT—minimum guidelines for
publication of randomized clinical trials (http://www.consort-statement.org). Word limit: 3500. Headings:
Abstract, Introduction, Materials and Methods, Results, Discussion, Acknowledgments. Maximum number of
figures: 4. Maximum number of tables: 4.

Review Article

Either narrative articles or systemic reviews/meta-analyses. Case Report/Clinical Techniques articles, even
when they include an extensive review of the literature, are categorized as Case Report/Clinical Techniques.
Word limit: 3500. Headings: Abstract, Introduction, Discussion, Acknowledgments. Maximum number of
figures: 4. Maximum number of tables: 4.

Clinical Research

Prospective or retrospective studies of patients or patient records, research on biopsies excluding the use of
human teeth for technique studies. Word limit: 3500. Headings: Abstract, Introduction, Materials and
Methods, Results, Discussion, Acknowledgments. Maximum number of figures: 4. Maximum number of
tables: 4.

Basic Research—Biology

Animal or culture studies of biological research on physiology, development, stem cell differentiation,
inflammation, or pathology. Primary focus is on biology. Word limit: 2500. Headings: Abstract, Introduction,
Materials and Methods, Results, Discussion, Acknowledgments. Maximum number of figures: 4. Maximum
number of tables: 4.

Basic Research—Technology

Focus primarily on research related to techniques and materials used, or on potential clinical use, in
endodontics. Word limit: 2500. Headings: Abstract, Introduction, Material and Methods, Results, Discussion,
Acknowledgments. Maximum number of figures: 3. Maximum number of tables: 3.

Case Report/Clinical Techniques

Reports of an unusual clinical case or use of a cutting edge technology in a clinical case. Word limit: 2500.
Headings: Abstract, Introduction, Materials and Methods, Results, Discussion, Acknowledgments. Maximum
number of figures: 4. Maximum number of tables: 4.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If other units
are mentioned, please give their equivalent in Sl.

Database linking

Elsevier encourages authors to connect articles with external databases, giving their readers one-click access
to relevant databases that help to build a better understanding of the described research. Please refer to
relevant database identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more information
and a full list of supported databases.

Artwork

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 on our website:
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http://www.elsevier.com/artworkinstructions.

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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please
supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized,
please 'Save as' or convert the images to one of the following formats (note the resolution requirements for
line drawings, halftones, and line/halftone combinations given below):

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

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

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

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.
Please do not:

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

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

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) in addition to color reproduction in print. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

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.

References

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 allowed in the reference list, but they may be mentioned in the text. 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.

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 are included in the reference list.

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.
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Reference style

Text: Indicate references by Arabic numerals in parentheses, numbered in the order in which they appear in
the text. List: Number the references in the list in the order in which they appear in the text. List 3 authors
then et al.

Examples:

Journal article:

1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun.
2010;163:51-59.

Book:

2. Strunk W Jr, White EB. The Elements of Style, 4th ed. New York: Longman; 2000.

Chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ,
eds.Introduction to the Electronic Age. New York: E-Publishing; 2009:281-304.

Journal abbreviations source
Journal names are abbreviated according to Index medicus.

Video data

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: http://www.sciencedirect.com. 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
at http://www.elsevier.com/artworkinstructions. 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.

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

at http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation e-mail to
create an AudioSlides presentation after acceptance of their paper.

Supplementary material

Elsevier accepts electronic supplementary material to 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. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier Web products, including

ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is directly
usable, please provide the data in one of our recommended file formats. Authors should submit the material
in electronic format together with the article and supply a concise and descriptive caption for each file. For
more detailed instructions please visit our artwork instruction pages
athttp://www.elsevier.com/artworkinstructions.

Submission checklist
The following list will be useful during the final checking of an article prior to sending it to the journal for

review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:
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One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

All necessary files have been uploaded, and contain:

* Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and '‘grammar-checked'

* References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources (including the Internet)
Printed version of figures (if applicable) in color or black-and-white

* Indicate clearly whether or not color or black-and-white in print is required.

* For reproduction in black-and-white, please supply black-and-white versions of the figures for printing
purposes.

For any further information please visit our customer support site at http://support.elsevier.com.

a After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI consists of a
unique alpha-numeric character string which is assigned to a document by the publisher upon the initial
electronic publication. The assigned DOI never changes. Therefore, it is an ideal medium for citing a
document, particularly 'Articles in press' because they have not yet received their full bibliographic
information. Example of a correctly given DOI (in URL format; here an article in the journal Physics Letters
B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOls are guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not have an
e-mail address then paper proofs will be sent by post) or, a link will be provided in the e-mail so that authors
can download the files themselves. Elsevier now provides authors with PDF proofs which can be annotated;
for this you will need to download Adobe Reader version 7 (or higher) available free

from http://get.adobe.com/reader. Instructions on how to annotate PDF files will accompany the proofs (also
given online). The exact system requirements are given at the Adobe

site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies to the
Query Form) and return them to the Journal Manager at Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax. 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. We will do everything possible to get your article published quickly and accurately
— please let us have all your corrections within 48 hours. 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. Note that Elsevier may proceed
with the publication of your article if no response is received.

Offprints
The corresponding author, at no cost, will be provided with a personalized link providing 50 days free access
to the final published version of the article on ScienceDirect. This link can also be used for sharing via email

and social networks. 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
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any time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring
printed copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate
multiple articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

B Author Inquiries

You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/. You can
track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to contact Customer
Support viahttp://support.elsevier.com.
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