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Resumo

Introducgéao: O tratamento endoddntico visa manter ou restabelecer a saude do
periodonto através do preparo biomecanico, utilizando instrumentos de niquel-
titdnio automatizados e associados com insertos ultrassdnicos para potencializar
a acado dos irrigantes. Os materiais empregados na endodontia que
permanecerao em contato com tecidos devem apresentar biocompatibilidade e
preferencialmente ser biomineralizador, a fim de selar comunicagbes
(fisiologicas/iatrogénicas), isolando o sistema de canais radiculares.

Objetivos:

1- Avaliar a resisténcia a fadiga ciclica das limas reciprocantes Genius e
EdgeFile X1 Small, comparados a lima WaveOne Gold Primary;

2- Avaliar a capacidade de limpeza de um inserto ultrassénico de niquel titanio
em ativagao da irrigagao de forma continua e passiva;

3- Avaliar a biocompatiblidade e biomineralizagdo do cimento reparador MTA
Flow.

Material e Métodos: Para avaliar a resisténcia a fadiga ciclica dos sistemas
Genius, EdgeFile e WaveOne Gold, 80 instrumentos foram utilizados (n=20),
divididos em 4 grupos experimentais: Genius 25.04, Genius 30.04; EdgeFile X1
Small e Wave One Gold Primary, acionados em um canal artificial de ago
inoxidavel com angulo de curvatura de 60° e raio de curvatura de 5 mm. O tempo
decorrido da ativagdo do motor foi gravado em um cronémetro digital e parado
assim que a fratura foi detectada. O numero de ciclos até a falha (NCF) e o tempo
para fratura (TF) foram calculados e os comprimentos dos segmentos fraturados
medidos. Para avaliar a capacidade de limpeza do inserto ultrassénico, 45 pré-
molares inferiores, padronizados em 16 mm foram utilizados. A instrumentacao
foi realizada até lima 50.04 sob irrigagdo com hipoclorito de sodio e foram
divididos em 3 grupos (n = 15) de acordo com a técnica de ativacao final da
solugédo irrigadora: irrigacdo convencional (IC) (passiva com presséo
positiva/sucgdo concomitante) como controle; ativagdo ultrassénica passiva

(PUI) e ativagao ultrassoénica continua (CUI) do irrigante. Os trés grupos tiveram



os protocolos de ativagaol/irrigacao final em solugdes de hipoclorito de sdédio e
EDTA. As amostras foram clivadas, as imagens obtidas com microscopia
eletrbnica de varredura (MEV) e avaliadas quanto a capacidade de remogao da
camada de smear layer no tergo cervical, médio e apical, por um sistema de
escores. Para analise biolégica do material reparador MTA Flow, os materiais
MTA Angelus e ProRoot MTA foram utilizados para comparagao. Quarenta ratos
receberam implantes subcutaneo de tubos de polietileno contendo os 3 materiais
e tubo vazio como controle (n=10). Apos 7, 15, 30 e 60 dias, os animais foram
eutanasiados e os tubos removidos com o tecido conjuntivo circundantes.
Infiltrado inflamatdrio e espessura da capsula fibrosa foram avaliados
histologicamente e indugédo da mineralizagdo analisada por Von Kossa e sob luz
polarizada. Os dados foram analisados com testes estatisticos especificos
(p<5%).

Resultados: Quanto a fadiga ciclica, os instrumentos EdgeFile X1 Small
apresentaram maior resisténcia (NCF: 6175.74 £ 1608.99; TF: 1058.7 + 275.82),
seguido por ambos instrumentos Genius (p<0.05), de forma significativa
comparados ao Waveone Gold Primary. O inserto de NiTi aumentou a limpeza,
comparado com IC, principalmente no tergo apical e CUlI mostrou os melhores
resultados (p<0.05). Nos resultados biolégicos, MTA Angelus induziu a reagao
mais leve apds 15 dias (p<0.05), seguido do MTA Flow. ProRoot MTA induziu
uma inflamacao severa no dia 7, reduzindo apds 15 dias. Nenhuma diferenca foi
observada entre os materiais apos 30 ou 60 dias (p>0.05). Estruturas coradas
por Von Kossa e birrefringentes foram positivas para todos os materiais.
Conclusées:

1- Os instrumentos EdgeFile X1 Small demonstraram maior resisténcia a fadiga
ciclica que Genius e WaveOne Gold Primary. Ambos instrumentos Genius
apresentaram resisténcia superior a WaveOne Gold Primary.

2- A ativacgéo final do irrigante com o inserto NiTi melhorou a remogéao de smear
layer, com protocolo CUI superior a PUl ou IC.

3- O MTA Flow mostrou biocompatibilidade e induziu a biomineralizagdo em

todos os periodos observados.

Palavras-Chave: endodontia, inflamacéo, ultrassom, teste de materiais.
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Sé&o Paulo State University, Aracatuba, Brazil, 2019.

Abstract

Introduction: The endodontic treatment aims to maintain or restore periodontal
health through biomechanical instrumentation with nickel-titanium automatized
instruments, associated with an ultrasonic tip to activate the irrigant, enhancing
cleanness. Materials used in endodontics that will remain in contact with tissues,
should demonstrate properties as biocompatibility and biomineralization ability,
in order to seal communications (physiological/iatrogenic) isolating the root canal
system.

Objectives:

1- Evaluate the cyclic fatigue resistance of reciprocating Genius and EdgeFile X1
Small instruments compared to Waveone Gold Primary instruments;

2- Evaluate the cleaning effectiveness of a nickel-titanium ultrasonic tip in
continuous and passive irrigant activation;

3-Evaluate the biocompatibility and biomineralization of MTA Flow repair cement.
Materials and Methods: To evaluate the cyclic fatigue resistance of Genius,
EdgeFile and WaveOne Gold, 80 instruments were used (n = 20), divided into 4
experimental groups: Genius 25.04, Genius 30.04; EdgeFile X1 Small and Wave
One Gold Primary, reciprocating in a stainless steel artificial canal with a 60°
angle of curvature and 5mm radius of curvature. The elapsed time of the motor
activation was recorded in a digital timer and stopped as soon as the fracture was
detected. The number of cycles to fracture (NCF) and time to fracture (TF) were
calculated and the fractured segments lengths measured. To evaluate the
ultrasonic tip cleanness capacity, forty-five mandibular premolars, standardized
at 16 mm were used. The instrumentation was performed until file 50.04 under
irrigation with sodium hypochlorite. The specimens were divided into 3 groups (n
= 15) according to the final irrigant activation protocol: conventional irrigation (Cl)
(passive, with positive pressure/simultaneous aspiration) as control; passive
ultrasonic irrigant activation (PUI) and continuous ultrasonic irrigant activation
(CUI). All groups had the final activation / irrigation protocols with solutions of

sodium hypochlorite and EDTA, standardized with same volume. Samples were



sodium hypochlorite and EDTA, standardized with same volume. Samples were
cleaved and images obtained through scanning electron microscopy (SEM) to
assess smear layer removal in the cervical, middle and apical thirds, via a score
system. To biologically analyze MTA Flow repair cement, MTA Angelus and
ProRoot MTA cements were used as comparison. Forty rats received
subcutaneous implants of polyethylene tubes containing the 3 cements and
empty tube as control (n = 10). After days 7, 15, 30 and 60, the animals were
euthanized and the tubes removed with the surrounding tissues. Inflammatory
infiltrate and fibrous capsule thickness were histologically evaluated and
mineralization induction assessed by Von Kossa staining and under polarized
light. The data were analyzed with specific statistical tests (p<5%).

Results: The cyclic fatigue test showed EdgeFile X1 Small with the highest
resistance (NCF: 6175.74 + 1608.99; TF: 1058.7 + 275.82), followed by both
Genius instruments (p<0.05). The nickel-titanium tip enhanced cleanness,
compared to Cl, mainly in the apical area, whereas CUIl showed the best results
(p<0.05). In the biological results, MTA Angelus induced the mildest reaction after
7 (p>0.05) and 15 days (p<0.05), followed by MTA Flow. ProRoot MTA induced
severe inflammation on day 7, reducing after day 15 (p>0.05). No difference was
observed after 30 or 60 days (p>0.05). Von Kossa staining and birefringents
structures were positive for all materials.

Conclusion:

1- EdgeFile X1 Small instruments demonstrated superior cyclic fatigue resistance
than Genius and WaveOne Gold Primary. In addition, both Genius instruments
showed superior resistance than WaveOne Gold Primary.

2- The final irrigant activation with the NiTi tip improved smear layer removal, with
CUI protocol superior to PUI or CI.

3 - MTA Flow showed biocompatibility and induced biomineralization in all

observed periods.

Keywords endodontics, inflammation, ultrasonics, material testing



@2 o



,(”(’(//(’(//(* Y2174

O titulo de Doutor faz Parte de uma das conquistas mais signhcicativas que

terel. Portanto, dedico esta tese as pessoas mais imPortantes da minha vida.

A minha amada esposa Vanessa Manzini Dreibi Bueno

Mais umajornacla que terminamosjuntosl Essa foi Iongal Foram alguns anos
que Pudemos viver as melhores exPeriénciasl! Desde congressos em Boston, ou
gramado, até morarmos durante o sanduiche nos Estados Unidos. Obrigado
minha amada por ficar ao meu lado (Psicologicamente} nos finais de semana na
faculdade e nas varias noites em claro ao longo da Pés~graduac;éo. Muito
obrigaclo por ser a mulher que me insPira!! Toda minha vontade de vencer e ser
alguém melhor a cada dia se resume em ser o melhor para vocé. Passar por

esses momentos e ter vocé para me apoiarJ fez com que tudo ficasse mais facil.

Por tras de todo sucesso do homcm ha uma granclc mulhcr. Este & um dos meus

grandcs sucessos, obrigado por ser minha granclc mulher. Te amo!!

Aos meus Pais Carlos e Norma Bueno

Como ficar 3400 km de distancia |onge dos Pais e vé-los 3 vezes ao ano? Com
muitas Iigac;ées, com bastante Facetime, com varias mensagens Pelo whatsaPP e

algurna promogao de passagem aéreall E ¢ claro, com muita saudade!

Cresci ouvindo as histérias do meu maior idolo (meu Pai) na vivéncia no

mato e clel:)ois na Pés—gracluagéo em Cam[:)inas. Esse foi meu Primeiro impulso
para servir o exército e dcpois seguir com a Pés~graduagéo. A cada passo que
clou, continuo me espelhando no meu maior idolo na tentativa de ser o homem
de sucesso que vocé é!

Minha mae continua me surPreenclendo a cada dia com sua inesgota’vel

fonte de carinho e amor Pelos filho e netos. E dessa fonte que tiro parte das

For(;as Para encarar novos C{CSBHOS SOFI"iﬂClO.

Muito obrigado Pclas intimeras horas de ligagécs que tivemos para

decidir rumos da vida ou apenas para falar o mais breve “bom dia”. Amo vocés!
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Agra&cc;o a Deus

Por toda Forga esPiritual e fe! Agraclego Pela LLuz nos momentos

de escuriddo. Minha & em Seus P‘anos me guiou até aqui, encontrando
pessoas certas nos momentos certos (dentro ou fora da faculdade) e me
colocando em momentos que Pucle cumprir meu Propésito em a-ju&ar. E

essa mesma ¢ que me faz acreditar na vitoria de cada desafio diario!

“Afé é&acerteza dac]uilo que esperamos € a conviccao de fatos que

nao vemos”
chrcus 11:1

Meus agradecimentos se estendem a todas as pessoas e instituicdes que de

alguma forma me guiararn até aqui.

As minhas ]rmés Ménica & Bruna Bueno

A cada dia vocés redefinem o signhcicaclo de irmas! Nossas conversas se

estendem desde assuntos banais até conselhos e orientacdes.

Ménica, ]:abricio, Cibele & Diego

Obrigado POI" serem tao PT‘CSCﬂtCS c Parte clas alegrias ClC nossa ViCla.

Obriga&o por todas as ligac;ées e Facetime para diminuir a saudade

Bruna, Vinicius & Vininho

A distancia até tenta, mas ndo consegue diminuir o amor e carinho que sentimos
uns Pclos outros!! Vocés sempre foram presentes, nas madrugac]as de

artigos, clegesas, noivados e c]ualquer outro evento que Podiam estar!

“«Cuide bem dos seus Irmaos... Eles sdo a melhor Pontc com o seu Passado e
Possivclmcntc quem vai sempre te aPoiar no futuro”

Baz Luhrmann
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A minha l:amilia Mocoquense

Se Ara(;atuba refletiu lcr, escrever, estudar, trabalhar e Pesquisar, Mococa
reflete nosso |ugar de descanso! Todos os finais de semana e feriados

que passamos no sitio ou na cidade serviram para recarregar as baterias.

Meus S0gros Joéo & Ciéudia:

Palavras nao sao suficientes para agradecer o quanto vocés signhcicam nas
nossas vidas. O aPoio constante de vocés na minha Pés—gracluagéo foi

um incentivo diario para chegar aqui hoje.
Roclrigo & Santa, RaFa & Carol

Nossas iclas Para Mococa ndo seriam as mesmas sem vocés. Toc{as as
conversas qUC SE€ cstendiam dCSClC manhé até maclrugada Fizeram Paﬁ?C

da energia Positiva que Mococa forneceu.

A minha ‘Familia Aragatubcnse

Tio Marcos & Tia Sanclra:

Obrigado por serem familia! Todos os almocos de domingo e a constante
S P G =
Preocul:)agéo com nosso bem-estar nos fez sentir em casa desde o
rimeiro dia em Aracatuba! Obrigado pelas conversas e conselhos!
P & gado p

Obrigaclo por cuidarem de nos como filhos!

Paulo & Gab, Paulinho & Malu:

Muito mais do que Primos, compadresl Obrigado por todos nossos momentos,
desde visitas ra'[:)idas, até madrugadas adentro nas noites de sabado.

Obrigaclo Pe‘a presenca constante das criancas em nossas vidas!!

Bruno & Vanessa:

Obrigac{o Pela constante presenca de vocés em nossos finais de semana e nos

almoc;os, reForgando a presenca familiar que tanto nos cercou.



U7
¢ ,//7/’((///‘('/'///(‘///("}

Odete & Mazi (in memoriam):
Obrigaclo Odete por ser a Madrinha de todos!! Sua constante preocupacdo e

ositivismo nos faz sentir queridos e proximos. Nosso amado Mazi pdde
P 9 P P
Prestigiar Pcssoalmentc minha defesa de mestraclo, Porérn agora nos

Protege la de cima!

A minha ]:amilia Norcles’cina

Avé Wanda & vd Antdnio (in memoriam) e todos meus tios & tias, Primos &

Primas que enviam diariamente energias Positivas.

A minha ]:amilia Serra Negra

AvS Lucia (in memoriam) e vd Herminio (in memoriam), e todos meus tios e tias,

Primos c Primas C]UC sSE Preocupam e torcem PClO meu sucesso.

Ao Biscrok

Lucas, Lila) Bcnto & Brandinill O que seria da nossa vida em Ara(;atuba sem

vocés? Vocés adicionaram exatamente o que faltava na nossa vida fora
da faculdade: conversas, visitas, saiclas,jantares, almoc;os, viagens, muita
risada e uma amizade que nao vejo fim! Vocés estiveram mais do que
presentes em momentos alegrcs e tristes, rin&ojunto ou nos abracando

c]uanclo Precisamosll

Aos Amigos
Pandinha Shimada, Murilo Cestari, Murilo Xara, Marcelo Augusto, Jodo

Procc')Pio, Jordan Omena e Xico:
Obrigac]o por serem sempre O a[:)oio que eu Precisava. A comcian(;a que vOCés
sempre Acpositaram em minha Pés—gradua(;éo foi um dos motivos de

seguir em frente.

Ao amigo Aclriano Brus’c

Mais uma ctapa que avanqamosjuntos! Obrigado meu arjo da guarcla!! Sei que

vocé CUidOU dC cacla PaSSO C]UC dCI e me a-juclou a Ievantar quando cai.
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Ao meu orientador ProFessor Eloi Dezan—J unior

Professor Eloi, obrigadol Vou tentar agraclecer em Palavras 0s 6 anos de
convivio: Obrigado por nunca estar ocuPacJo demais para nos ajudar
com qualquer Problema, seja na Pesquisa, na endodontia ou na vida!
Posso comecar agra&ccenclo por me orientar na Pés—graduagéo
(mestrado e doutorado)! Obriga&o Pelo imenso conhecimento cientifico
e Pclo senso critico que adquiri; obrigaclo por todas as oPortunidades
dos artigos e Pesquisas que Produzimosjuntos; obrigado Pelo
imensuravel conhecimento endodéntico clinico que aclquiri ao iongo
desses 6 anos e obrigado Pcla confianca de me deixar fazer sua
bioPuchctomial Obrigado por todas as oPortunidades de acompanha-
lo em todas cirurgjas nesses anos; obrigado Pelas diversas horas que
passamos na sua sala conversando sobre, literalmente, tudo!
Princil:)almente c]uanclo 1a perguntar alguma coisa minima e ficava sentado
conversando por 40 minutos... e esquccia o que ia perguntar
inicialmente! Obrigac]o por me ensinar a arte do Tereré... e obrigaclo
Pelas ervas que dividimos! Obrigado Pclo EndoFish! Obrigado Pelo
conhecimento adquirido na culinaria de hamburguer; obrigaclo por abrir
as Portas da sua casa e familia! Obrigaclo Vanessa, Matheus e Bia, Pelos
momentos de descontracdo e conversas! Obrigac{o por todos os
churrascos, cer\/ejas, almocos ejantas na sua casa; obrigac]o por me
deixa ficar com sua cachorra Meg quanclo vocés via-javam; obrigado Pelo
curso de estética facial com o microscé[:)io oPeratc')rio no seu Pelo de
barba encravado; obrigado Pelos congressos; obriga&o Pelas noites de
vinho na sua casa até meia noite escrevendo abstracts; obrigado Pelos

Puxées de orelha e as mensagens no whatsa[:)l:) “VENHA”.

Obrigac{o por todos os ensinamentos, mas Prirlci[:)aImeh’ceJ por ter se tornado

um amigo.

Minha admiraczo baseia-se no simPlcs fato que, al:)és 6 anos de convivéncia
diaria, eu ainda aPrcnclo alguma coisa nova todo dia que entro na sua

sala. Sua Paixéo Pela endodontia e Pe‘a docéncia é contagiantel

“«O mestre é um caminho para seu aPrcncliz chcgar a sabedoria e o verdadeiro mestre

se orgulha de ter sido um clcgrau na vida do aPrcncliz que venceu na vida”

lcami Tiba
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As Eloianas

Ana Maria Veiga Vasques & Marina To‘omei Sandoval Curg

Sempre fomos unidos Pelas Pesquisas. Desde iniciacdo cientifica de vocés,
Passando Pelas endodontias clinicas, mestrado e doutorado. Grande
Parte de nossas Publicagées levaram o nome de vocés por puro mérito
cientifico. Vocés se mostraram muitos mais do que colegas de Pc')s-
gracluac;éo, se tornando grandes amigas. Obrigaclo Pela conFianga que
clel:)ositaram em mim diversas vezes nas Pesquisas e nos momentos de

Problemas PCSSOBiS.

Juliana Trizzi & Jimena Sarmiento

As ultimas Eloianas a entrarem até o momento. Cada uma provou seu valor com
o tempo. Jimena se mostrou uma pessoa objctiva e disposta a conseguir

seus oltjetivosJ incle[:)enc{ente da dificuldade. Trizzi (ou 1%) se tornou uma
ma’quina de trabalhar aceitando e resolvendo c]ua‘quer desafio. Ainda

temos diversas Produgées em andamento mas agradcc;o também a

comcianga que depositaram em mim no meio cientifico.

A amiga l:rancine Benetti

Querida Benettinha!! Nem sei por onde comecar a agraclecer por esses anos de
convivio. O convite que fiz para vocé estar na minha banca de doutorado,
reflete um pouco do quanto admiro vocé como Proﬁssional,
Pesquisa&ora, mas Principalmente como pessoa. Admiro sua
transparéncia e facilidade nas Pesquisas, sua sinceridade e sua
ascendéncia na endodontia e docéncial Considero vocé uma das minhas
melhores amigas e sinto que posso contar com vocé para qualquer coisa
a qualquer horal! Nosso convivio foi muito além das salas do
Acpartamento, nos falando aos finais de semana, em viagens, um sempre
ajuclando com qualquer Problema do outro. Conversas sobre aulas,
seminarios e casos clinicos. Me esPe”’no emvocé e falo para todos os
novatos seguirem o Padréo Benetti de Pesquisal! Com certeza vocé é

uma das PCSSOBS C]UC levarei no cora(;éol
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Ao amigo Leopolclo Cosme—Silva

Meu grande amigo Pesc]uisador!! Sua amizade invadiu todos nos e desde entzo
cresceu!! Sua sinceridade, simPlicidadc, inteligéncia e sim[:)atia tem |ugar
guardado em meu coracao! Obrigado por toda aﬁu&a em diversos

momentos de escrita, correcao, analise e por toda Pés—graduagéol

Ao amigo Dicgo Va‘cntim

O responsa'vel por me introduzir na vida de Pés—graduac;éo ara(;atubense! For
meu amigo, tutor e irmao mais velho no inicio de tudo, me ensinando
metodologias e levando aonde fosse Preciso. Obrigado por tudo! Se

cheguei até aqui, com certeza vocé teve grancle Particil:)a(;éo.

Aos amigos de Pés~gracluagéo da FOA

Renata SamuelJ Mariane Azuma, Paulo Tobias, Vanessa Marques, Leticia Cite”i,
Amanc{inha, Renan Castor (Casinho), Camila, india, Lariana, Arianny,
Cristiane, I:elil:)e, Marina Carminatty, Carol Barros, Carol Loureiro, Pedro
Chaves, Dani.

Nossos momentosjuntos foram varios: desde conversas completamente
aleatdrias no departamento e clinica, até conversas Produtivas de casos
clinicos, seminarios e artigos. Agrade(;o a todos vocés fizeram parte do

meu clia~a~c{ia t3o marcante clurante €55€ES anos.

Aos Professorcs de Endodontia daFOA

Professor Luciano Cintra

Obrigac{o por nunca estar “cntupido de servico” demais para nos atender.
Sempre se preocupou em resolver os Problemas ao invés de cria-los.
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Introdugdo e justgficatim
l. Introducao e justificativa

A limpeza e modelagem do sistema de canais radiculares é essencial para
alcancgar os objetivos mecanicos e biolégicos do tratamento endodédntico. Essa
etapa envolve a remocgao do tecido pulpar vital ou necrético, assim como
microrganismos e subprodutos, enquanto modela a forma cdnica apropriada
para subsequente obturagédo do canal radicular (Schilder 2006). Tal modelagem
e antissepsia dos condutos radiculares é realizada durante a etapa de
instrumentacéo, caracterizada como biomecanica, uma vez que emprega
substancias quimicas auxiliares que reduzem a carga bacteriana, e utiliza-se
instrumentos para limagem das paredes dos canais, respeitando os principios
bioldgicos.

Os instrumentos de endodontia fabricados com niquel-titdnio (NiTi) foram
introduzidos por Walia e colaboradores (1988) para melhorar a instrumentacao
de canais curvos, uma vez que os instrumentos NiTi sdo mais flexiveis e
apresentam resisténcia superior a fratura por torcdo em comparacido com a
rigidez dos instrumentos de ago inoxidavel, diminuindo erros durante
instrumentacéao (Peters 2004, Gergi et al. 2010). A introdug¢ao da instrumentacao
automatizada representou um avanco importante, aprimorando a qualidade e
previsibilidade do preparo do canal radicular. Além disso, reduz erros de
procedimento, fadiga do operador e a duragédo do tratamento, aperfeicoando o
tratamento endodéntico tanto para o profissional como para o paciente (Gavini
et al. 2018). Além disso, reduz a fadiga do operador, os erros no procedimento
e a duracao do tratamento do canal radicular, melhorando a qualidade da terapia
endoddntica tanto para o profissional como para o paciente.

Apesar das vantagens do NiTi, a incidéncia da fratura é a falha mais
comum que ocorre durante o uso (Spanaki-Voreadi et al. 2006) como resultado
da flex&do, torcdo ou mesmo de uma combinagdo de ambos (Wei et al. 2007),
sem qualquer indicagao visivel de deformacado plastica (Tripi et al. 2001).
Portanto, os fabricantes recomendam o uso limitado ou unico de instrumentos
NiTi especialmente em canais curvos.

A fadiga do metal causada pelo stress em rotagdo repetitiva € um
importante mecanismo de falha (Pruett et al. 1997). Neste tipo de fratura,

também conhecido como fadiga ciclica, os instrumentos NiTi estdo sob tenséo e
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forcas de compressdo na area de curvatura maxima do canal, até a fratura
(Cheung & Darvell 2007). Estudos anteriores mostraram que o movimento
reciprocante aumentou a resisténcia a fadiga ciclica em relagcdo ao movimento
de rotagao continua (Lopes et al. 2013, Dagna et al. 2014, Pedulla et al. 2014),
tornando a cinematica reciprocante mais segura do que a rotatéria para
instrumentar o canal radicular.

O WaveOne Gold (Dentsply Maillefer, OK, USA) foi introduzido no
mercado como técnica de instrumento unico, fabricada com tratamento térmico
aquecendo o instrumento e depois esfriando lentamente, em contraste com o
tratamento térmico pré-fabricagcdo M-Wire. Pode ser encontrado com diferentes
didmetros iniciais como Small (20.07), Primary (25.07), Medium (35.06) e Large
(45.05), além de conicidade variada ao longo do instrumento. O WaveOne Gold
Primary possui conicidade inicial .07, reduzindo para .06 apés 4mm e para .03
apo6s mais 4mm. O movimento do WaveOne anterior foi mantido, com uma ag¢ao
de corte em 170° no sentido anti-horario (counter clockwise, CCW) e liberagéo
em 50° no sentido horario (clockwise, CW), porém com dimensdes e geometria
modificadas, apresentando o centro de massa descentralizado e secgao
transversal em formato de paralelogramo quando comparado ao seu antecessor
WaveOne (Dentsply Syrona WaveOne Gold 2019, Webber 2015).

O sistema Genius (Ultradent, South Jordan, UT) foi desenvolvido para
associar técnicas rotatorias e reciprocantes, com liga NiTi tratada termicamente
e conicidade .04. Segundo o fabricante, o0 movimento rotatério € indicado para
ampliar o tergo cervical, e 2 limas na cinematica reciprocantes sdo utilizadas para
preparar o canal radicular, com 90° de agéo de corte (CW) e 30° de liberagdo
(CCW). Os instrumentos tém um design de secgéao transversal em “S” com agao
de corte positiva para direita e a instrumentagao é finalizada com a configuragéo
rotatéria, removendo os detritos do canal (Endo-Eze Genius Brochure 2018,
Gavini et al. 2018).

O EdgeFile (EdgeEndo, Albuquerque, EUA) é apresentado como um
instrumento reciprocante de secgdo transversal triangular e conicidade
constante .06 em uma liga de niquel-titanio tratada termicamente com tecnologia
patenteada (Fire-Wire™). De acordo com o fabricante, as limas devem ser

usadas na configuracdo WaveOne®, com a mesma cinematica de corte em 170°
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(CCW) e 50° para liberagdo (CW) do instrumento (EdgeEndo EdgeFile X-1
Brochure 2019).

Independente do sistema de instrumentacdo utilizado no preparo
biomecanico, é imprescindivel a utilizagcado de irrigantes concomitantes a acao
das limas, uma vez que, além de acdo neutralizante de toxinas pelo poder
antibacteriano (Hasselgren et al. 1988, Baumgartner e Cuenin 1992), o irrigante
age diminuindo o atrito do instrumento com as paredes do canal radicular
(Haapasalo et al. 2014). A instrumentagdo biomecéanica produz uma camada de
smear layer que cobre as paredes dentinarias, composta por material orgéanico
e inorganico, formado principalmente por dentina, remanescente pulpar e, em
alguns casos, bactérias (MacComb & Smith 1975, Mader et al. 1984). A presenca
desta smear layer, dificulta a penetracdo de agentes antimicrobianos e cimentos
endodonticos nos tubulos dentinarios (Goldberg & Abramovich 1977),
possivelmente comprometendo a vedacao entre o material obturador e a parede
do canal radicular, o que pode interferir no sucesso do tratamento (Zehnder
2006).

O hipoclorito de s6dio (NaOCI) & um irrigante amplamente utilizado para
a desinfecg¢ao do canal radicular, mas, quando usado exclusivamente, € ineficaz
na remocao da smear layer (Economides et al. 1999, Peters e Barbakow 2000).
A adicao de acido etilenodiaminotetraacetico (EDTA) em concentragao de 17%
ao protocolo de irrigacao, alternando com NaOCl, é recomendada para aumentar
a efetividade na remogédo da camada de smear layer (Haapasalo et al. 2005),
uma vez que essa alternancia tem agdo tanto na camada organica quanto
inorganica da smear layer. Portanto, a irrigagcao desempenha um papel essencial
na remogéo de tecido pulpar, detritos e microorganismos (Uzunoglu et al. 2015).

Na técnica de irrigagdo convencional, a ponta da agulha deve ser
posicionada 1-2 mm aquém do comprimento de trabalho (Lui et al. 2007) e,
mesmo assim, a limpeza da regido apical permanece incerta sem o auxilio de
técnicas de agitagéo do irrigante. Para aumentar a eficacia e a dinamica dessas
solugdes, varios protocolos de irrigagao foram investigados em associagdo com
ultrassom (Weller et al. 1980, van der Sluis et al. 2010, Grischke et al. 2014). A
irrigacédo ultrassénica passiva (PUI) foi descrita por Weller et al. (1980). O
protocolo baseia-se na insergdo passiva de uma ponta metalica anexada a um

dispositivo ultrassénico, no canal preenchido com o irrigante (van der Sluis et al.
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2010, Beus et al. 2012). Apos a ativagado, o instrumento é cercado pela
transmissao acustica, agitando a solugdo, aumentando a remogao de detritos
(van der Sluis et al. 2007, Nagendrababu et al. 2018).

Outro protocolo de ativacdo ultrassonica foi proposto por Gutarts et al.
(200%5), no qual a ponta ultrassénica € colocada no canal e a solugéo irrigante
flui continuamente, permitindo sua constante substituicdo. Quando é utilizado o
hipoclorito de sédio como solugao irrigante, fornece um suprimento ininterrupto
de cloro nascente para a dissolugdo do tecido orgénico (Gutarts et al. 2005,
Zehnder 2006). Essa irrigagcdo ultrassénica continua (CUI) ndo requer a
substituigdo manual do irrigante entre ativagdes (van der Sluis et al. 2007),
demonstrando penetragcdo maior da solugado irrigante quando utilizada no
protocolo final de irrigagdo (Castelo-Baz et al. 2012).

Os insertos ultrassOnicos convencionais utilizados para ativagao da
solugao irrigante sdo fabricados a partir de uma liga de ago inoxidavel (Hui-min
et al. 2010) e devem ser posicionados a 1 ou 2 mm aquém do comprimento de
trabalho (van der Sluis et al. 2010). Entretanto, foi introduzida no mercado uma
ponta de niquel-titanio (NiTi) de 23 mm (NiTiSonic®, Ultradent Products Inc,
South Jordan, Utah) com ponta 20.02 que, de acordo com o fabricante, pode ser
usada até o comprimento do trabalho, mesmo em canais curvos (Ultradent
Products UltraWave NiTiSonic Tip 2019).

Apesar da evolucédo nos materiais para otimizar e aprimorar o tratamento
endodéntico, perfuragcdes podem ocorrer de forma iatrogénica (fase de acesso,
preparo biomecanico e preparo para pino) ou patoldgica (processo carioso ou
reabsorgdes), durante a rotina clinica endodéntica (Tsesis & Fuss 2006, Roda &
Gettleman 2016). Essa perfuracdo € caracterizada como uma comunicagao
entre o sistema de canais radiculares e a superficie dentaria externa (American
Association of Endodontists 2016), suscetivel a ocorrer em qualquer fase do
tratamento e pode levar ao insucesso (Estrela et al. 2017). Portanto, perfuragdes
devem ser seladas com cimentos reparadores biocompativeis e que induzam a
formacdo de tecido mineralizado, uma vez que estes estardo em contato
permanente com tecidos (Mori et al. 2014).

O agregado de trioxido mineral (MTA), um material hidraulico a base de
silicato de calcio derivado do cimento Portland (Hinata et al. 2017), foi

desenvolvido para selar a comunicagcao entre os dentes e o periodonto, em
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perfuragdes de raizes patologicas ou iatrogénicas (Lee et al. 1993, Torabinejad
et al. 1993). Estudos prévios confirmaram sua eficacia como material
biocompativel, induzindo a formagao de tecido mineralizado, além da atividade
antimicrobiana (Holland et al. 1999, Camilleri & Pitt Ford 2006). Essas
propriedades biologicas s&o atribuidas ao seu pH alcalino e capacidade de
liberacdo de ions calcio, mantendo um pH alto (Sarkar et al. 2005, Zarrabi et al.
2010, Tanomaru-Filho et al. 2017). A natureza hidrofilica das particulas de MTA
permite seu uso mesmo na presenca de umidade, uma vez que 0s componentes
principais sao silicato de tricalcio e dicalcico, aluminato tricalcico, 6xido tricalcico
e agentes radiopacificantes, como o oxido de bismuto (Parikoh e Torabinejad
2010).

O MTA Angelus (MTA-Ang) (Angelus Industria de Produtos Odontologicos
S/A, Londrina, PR, Brasil) e ProRoot MTA (Tulsa Dental Products, Tulsa, OK)
foram introduzidos no mercado com composi¢cdes e indicagdes similares e séo
amplamente utilizados, sendo estudado ao longo dos anos, evidenciando suas
propriedades bioldgicas aprimoradas (Camilleri 2008, Cintra et al. 2017).

No entanto, a consisténcia final arenosa dos materiais semelhantes ao
MTA resulta em dificil espatulacdo e inser¢dao (Canadas et al. 2014).
Considerando a importancia da capacidade de manipulacido que os cimentos
reparadores devem apresentar (Duarte et al. 2010), foram desenvolvidos
cimentos de alta plasticidade com o objetivo de melhorar essas caracteristicas.

O MTA Flow (Ultradent Products Inc, South Jordan, UT) consiste em um
material reparador composto por silicato tricalcico e dicalcico, 6xido de bismuto
como radiopacificante e um veiculo liquido composto por um gel a base de agua.
De acordo com o fabricante, o gel proporciona uma maior plasticidade,
melhorando o manuseio e inser¢cao, o que pode facilitar o uso em diversos
procedimentos: uma consisténcia espessa para pulpotomia ou perfuracdo da
camara pulpar; uma consisténcia fina para reabsorgao, apicificagao e plug apical;
ou uma consisténcia de massa para o preenchimento da porg¢ao apical da raiz
em rizogénese incompleta ou retrobturagées (EndoEze MTA Flow Gel Safety
Data Sheet 2015, Ultradent Products and Procedures Manual 2017). Estudos
fisico-quimicos com MTA Flow mostraram radiopacidade adequada, baixa
solubilidade, capacidade de alcalinizacdo e de formar fosfato de calcio
(Guimarées et al. 2017).
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A introdugéo de instrumentos e materiais para uso odontolégico devem
ser acompanhadas de pesquisas para assegurar e indicar seu uso, além de
apontar possiveis melhorias. Instrumentos endoddnticos para utilizagao
automatizada devem passar por diversos testes, principalmente envolvendo
testes de fadiga do metal (ciclica e torcional), com a finalidade de se obter dados
adicionais para uso clinico seguro. A fabricagcdo em niquel-titanio de insertos
ultrassénicos tende a aumentar sua resisténcia frente a fraturas, porém estudos
S840 necessarios para avaliar se a liga de NiTi também potencializa a agdo dos
irrigantes, uma vez que os insertos convencionais sdo fabricados em aco
inoxidavel. Quanto a resposta biologica de materiais reparadores, a
apresentacao em diferentes consisténcias do MTA Flow, associado as
propriedades fisico-quimicos favoraveis, indicam esse material como alternativa
clinica. Porém, ainda ha a necessidade de estudos in vivo que fornegcam dados

sobre a reacgao tecidual apos contato com esse material.
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Il. Objetivos

Os objetivos deste trabalho foram divididos em trés capitulos que
resultaram em artigos distintos:

1- Avaliar a resisténcia a fadiga ciclica dos instrumentos reciprocantes de niquel
titdnio Genius 25.04, 30.04 e EdgeFile X1 Small comparados com WaveOne
Gold Primary;
2- Avaliar em MEV a capacidade de limpeza, por meio da remocéao da smear
layer, de um inserto ultrassénico de niquel-titdnio em ativagédo ultrassénica
passiva e continua da irrigacdo (PUl e CUI), comparados com irrigacao
convencional.
3- Avaliar in vivo a biocompatibilidade e capacidade de biomineralizacdo do
Agregado de Trioxido Mineral Flow (MTA Flow), utilizando como controle positivo
o ProRoot MTA e o MTA Angelus, analisando:

¢ Infiltrado inflamatorio e capsula fibrosa (coloragdo de HE);

e Estruturas mineralizadas (coloragdo de Von Kossa);

e Estruturas birrefrigentes sob a luz polarizada (sem coloragéo).
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(Artigo 1 - Bueno et al.

Cyclic fatigue resistance of novel
Genius and Edgefile nickel-titanium
reciprocating instruments

Abstract: This study aimed to assess the cyclic fatigue resistance of
Genius and EdgeFile X1 reciprocating instruments compared with
WaveOne Gold Primary. Twenty Genius (Ultradent) 25.04, 20 Genius
30.04, 20 EdgeFile X1 (EdgeEndo) and 20 WaveOne Gold Primary
(Dentsply Maillefer) instruments were included in this study and
tested in a static cyclic fatigue testing device, which has an artificial
stainless steel canal with a 60° angle of curvature and a 5-mm radius of
curvature. All instruments were operated in reciprocation mode until
fracture occurred. The number of cycles to failure (NCF) was calculated
and time to fracture (TF) was recorded in seconds using a digital
chronometer. The mean and standard deviations of NCF and TF were
calculated for each reciprocating system and the data were subjected to
Kruskal-Wallis one-way analysis of variance and to Dunn’s test (p <.05)
using SigmaPlot software (Systat software, CA, USA). The fractured
surfaces of five instruments from each brand were randomly examined
and microphotographed by a low-vacuum environmental scanning
electron microscopy - SEM (Tabletop Microscope TM3030, Hitachi,
Japan) to confirm the cyclic fatigue fracture. EdgeFile exhibited the
highest cyclic fatigue resistance, followed by both Genius files (p < .05).
Within the limitations of this in vitro study, EdgeFile X1 instruments
had significantly higher cyclic fatigue resistance than did Genius and
WaveOne Gold Primary instruments. The cyclic fatigue resistance of
both Genius files was higher than that of WaveOne Gold Primary.

Keywords: Dental Instruments; Endodontics; Root Canal Preparation.

Introduction

Endodontic instruments manufactured with nickel-titanium (NiTi)
were introduced by Walia et al.! to improve the instrumentation of
curved canals, once NiTi instruments are more flexible and have superior
resistance to torsional fracture compared with the rigidity of stainless
steel instruments, reducing canal transportation.>* In addition, operator
fatigue, procedural errors, and length of root canal treatment* are reduced,
improving the quality of endodontic therapy for both the professional
and the patient.

Despite the advantages of NiTi, fracture incidence is the most common
failure that occurs during its use® as a result of flexural or torsional strength,
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or even a combination of both,® without any visible
indication of plastic deformation.” Therefore, the
manufacturers recommend limited or even single-time
use of NiTi instruments, especially in curved canals.

The metal fatigue caused by repetitive stressing
cycling is an important failure mechanism.® In this
fracture type, also known as cyclic fatigue, NiTi
instruments undergo tension and compression forces
in the area of maximum canal curvature, until fracture.’
Several studies have shown that reciprocating motion
enhances cyclic fatigue resistance compared to rotation
motion,"*"*? making reciprocating instruments safer
than rotary ones for root canal shaping.

WaveOne Gold (Dentsply Maillefer, USA) is
available in the market as a single-file technique,
with Small (20.07), Primary (25.07), Medium (35.06),
and Large (45.05) instruments as recent versions of
WaveOne (Dentsply Maillefer). It is manufactured
with a gold heat treatment procedure, which is
performed by heating the file and then cooling it
slowly, in contrast to the pre-manufacturing heat
treatment of M-Wire technology. The reciprocating
motion of WaveOne was maintained, with a cutting
action at 150° CCW and disengagement at 30° in the
CW direction, but the file dimensions and geometry
differ from the original WaveOne, featuring an off-
center design with cutting edges and alternate 1-point
contact in a parallelogram design. Also, Wave One
Gold instruments have a different taper in the same
instrument, as WOG Primary starts with a 25.07 tip,
decreasing to .06 after 4 mm and to .03 after another
4 mm.13,l4

The Genius system (Ultradent, South Jordan, UT)
has been recently developed to associate rotary and
reciprocating techniques, with thermally treated
NiTi alloy and a .04 taper, improving resistance and
flexibility, as announced by the manufacturer. Rotary
motion is indicated to enlarge the cervical third,
and two reciprocating files are used to prepare the
root canal, with 90° of cutting action (CW) and 30°
of release (CCW). The instrumentation finishes with
a 360° rotation, removing the debris from the canal.
The files have an S-shaped cross-section design with
double right positive cutting action and, according
to the manufacturer, the progressive pitch of the file
during instrumentation prevents the “screw-in” effect.””

The EdgeEndo company (Albuquerque, USA) has
launched several automated instruments such as
reciprocating (X1), rotary (X3, X5 and X7), or retreatment
(XR) endodontic files. EdgeFile X1 (EdgeEndo) features
aconstant .06 tapered reciprocating instrument with
atriangular cross-section and annealed heat-treated
nickel-titanium alloy (Fire-Wire™), which according to
manufacturer, increases flexural strength, enhancing
durability and flexibility. The files must be used in
the WaveOne® motor setting, therefore with the same
motion of 150° (CCW) cutting action and 30° (CW)
release, as recommended by the manufacturer.’

To date, there have been no studies on the cyclic
fatigue resistance of reciprocating Genius and EdgeFile
systems in curved canals. Therefore, the present study
aimed to compare the cyclic fatigue resistance of
Genius and EdgeFile reciprocating files with WaveOne
Gold Primary instruments. The null hypothesis was
that there would be no significant difference in the
cyclic fatigue resistance of the instruments.

Methodology

In this study, 80 files were selected (n=20), as
previously used for cyclic fatigue tests,”'1%% as follows:
20 Genius (25.04), 20 Genius (30.04), 20 WaveOne Gold
Primary (25.07), and 20 EdgeFile X1 (20.06) files. To
measure the cyclic fatigue resistance of the files, an
artificial canal, made of stainless steel with an inner
diameter of 1.5 mm, a 60" angle of curvature, and a
curvature radius of 5 mm, was used. The curvature
of the artificial canal was located at the 5-mm coronal
end of the canal.?»** To reduce the friction of the files
as they contacted the artificial walls of the canal,
a synthetic oil (WD-40 Company, Milton Keynes,
UK) was used for lubrication.?? All cyclic tests were
performed at room temperature (20° + 1°C).

The files were divided into four experimental groups
(n = 20) and underwent the following procedures:

a. Group 1: Genius 25.04: The files were used with the
Genius reciprocating & rotary motor (Ultradent
Products, Inc, South Jordan, USA) connected to a
cyclic fatigue testing instrument and operated at
350 rpm, set to the genius files in reciprocation
mode, with 90° of cutting action (CW) and 30° of
release (CCW), until they fractured.
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b. Group 2: Genius 30.04: The files were used with the
Genius reciprocating & rotary motor (Ultradent
Produtcs, Inc, South Jordan, USA) connected to a
cyclic fatigue testing instrument and operated at
350 rpm, set to the genius files in reciprocation
mode, with 90° of cutting action (CW) and 30° of
release (CCW), until they fractured.

c. Group 3: WaveOne Gold Primary: The
files were used with the E3 Torque Control
Motor (Dentsply Tulsa Dental Specialties,
USA) connected to the cyclic fatigue testing
instrument and operated at 350 rpm with the
“WaveOne ALL” program until they fractured.

d. Group 4: EdgeFile X1: The files were used with the
E3 Torque Control Motor (Dentsply Tulsa Dental
Specialties, USA) connected to the cyclic fatigue
testing instrument and operated at 350 rpm with
the “WaveOne ALL" program, as recommended
by the manufacturer, until they fractured.

All the instruments were reciprocating and time
from motor activation was recorded and stopped
as soon as a fracture was detected visually and/or
audibly on a digital chronometer. The number of
cycles to failure (NCF) of each file was then calculated
using the following formula: NCF = revolution per
minute (rpm) X time (seconds)/60. The lengths of
the fractured segments were measured by a digital
caliper (Mitutoyo, Absolute Digimatic, Japan).

The fractured surfaces of five instruments from
each brand, randomly selected after the cyclic fatigue
test, were examined by a low-vacuum environmental
scanning electron microscopy - SEM (Tabletop
Microscope TM3030, Hitachi, Japan), in order to
confirm that the files fractured because of the cyclic
fatigue,"”?' and photomicrographs of the fractured
surfaces were taken, as shown in Figure 1. Before
SEM evaluation, the instruments were ultrasonically
cleaned to remove any debris.?

Figure 1. lllustrative example of a Genius 25.04 broken file after reciprocation inside the simulated canal, evidencing the area of
analysis (A) and a SEM image (B), showing the analyzed inspection area of a cyclic fatigue ductile fracture.
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Statistical analyses

The data were first analyzed using the Shapiro-Wilk
test to verify the assumption of normality. The
Kruskal-Wallis and Dunn’s tests were performed
using SigmaPlot software (Systat Software, San Jose,
USA) to statistically analyze the data. The statistical
significance level was set at p <.05.

Results

The means and standard deviations of the NCF,
time to fracture, and the lengths of fractured segments
are shown in Table. EdgeFile X1 had the highest fatigue
resistance (NCF: 6175.74 + 1608.99; TF: 1058.7 + 275.82)
while Wave One Gold Primary had the lowest fatigue
resistance (NCF: 881.7 + 108.04; TF: 151.15 + 18.52)
with a statistical difference (p < .05). The fatigue
resistance of both Genius 25.04 (NCF: 1217.12 + 230.36;
TF: 208.65 + 39.49) and 30.04 (NCF: 1365.58 + 224.81;
TF: 234.10 + 38.56) was statistically higher than that
of Wave One Gold Primary (881.7 + 108.04) (p < 0.05),
but presented no significant difference between the
Genius instruments (p > 0.05).

The mean lengths of fractured segments were
recorded in order to evaluate the correct positioning
of the tested files inside the canal curvature, since
each group maintained the approximate segment
length. There was a statistically significant difference
(p <.05) in the mean length of the fractured fragments
among all instruments, except for Genius 25.04 and
EdgeFile X1 (Table).

SEM evaluation

Scanning electron microscopy images of the
fractured surface showed typical features of
cyclic fatigue failure for all instruments. All the

instruments presented fractured surfaces with
microvoids, a mechanical characteristic of ductile
fracture (Figure 2).

Discussion

Since the introduction of NiTi instruments in
endodontics by Walia et al.' in the 1980s, manufacturers
have been improving the manufacturing process,
aiming to enhance the mechanical properties
of the alloy and decreasing the failures (broken
files) observed during the endodontic treatment.?
Nowadays, NiTi endodontic files are classified into
instruments containing mainly the austenite phase,
such as conventional NiTi, M-Wire, or R-Phase, and
those containing mainly the martensite phase, such
as CM Wire, Gold, and Blue (thermally treated). The
instruments in the austenite phase show superelastic
properties and high torque values, indicated for
shaping straight or slightly curved canals or even
as pathfinding instruments because of the smaller
diameter. Martensitic instruments are more flexible,
used in root canals with severe or double curvature,
in addition to being prebendable.*

However, several factors can affect the resistance
of NiTi endodontic instruments, such as the
manufacturing process, metallurgical design,
instrument size, taper, helix angle, cross-sectional
design, core diameter, file kinematics, heat treatment
applied to the file,?? or even the temperature to
which the instrument is subjected.?’2%%

Many cyclic fatigue test devices may be used with
static or dynamic test models. In this study, the model
used for the cyclic fatigue test was static, in which an
instrument-fixed working length is bended and then
rotated until fracture occurs with no axial movement,

Table. Mean and standard deviations of the number of cycles to failure (NCF), time fo fracture (seconds) and the length of the

fractured fragment (mm) of the tested files

Group NFC

Genius 25.04 1217.12 + 230.36°®
Genius 30.04 1365.58 + 224.81°
Wave One Gold Primary 881.7 = 108.04¢
EdgeFile X1 6175.74 + 1608.99¢

TF (s) Fractured Length (mm)
208.65 + 39.49¢ 3.14 = 0.18°
234.10 + 38.56¢ 3.86 + 0.54
151.15 + 18.52¢ 2.37 + 0.50¢
1058.7 + 275.82¢ 3.02 + 0.45¢

Different superscript letters indicate statistical significance (p < .05).
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Figure 2. SEM Images after the fatigue cyclic test of Genius, WaveOne Gold Primary, and EdgeFile X1 instruments. General view of
(A) Genius 25.04, (C) Genius 30.04, (E) WaveOne Gold Primary, and (G) EdgeFile X1 and high-magnification view of (B) Genius
25.04, (D) Genius 30.04, (F) WaveOne Gold Primary, and (H) EdgeFile X1 instruments, showing numerous dimples and fatigue
striations, typical features of cyclic fatigue (white arrows).
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allowing for a precise trajectory in the simulated
artificial canal in a stainless steel block, as used in
previous studies.'*”?2%%3! The advantages of the static
model consist mainly in reducing variables, such as
the amplitude of axial movements.*?!

With respect to the temperature of the in vitro test,
the room temperature (20° + 1 °C) was previously
used to perform the cyclic fatigue test."*?*>* However,
recent findings have shown that NiTi martensite
instruments operating at body temperature (37°C)
show a significant decrease in flexural resistance
and consequently in NCF, since heating may induce
a transition to a stiffer austenite phase, which is more
susceptible to fatigue failure 20?823

The present study compared the cyclic fatigue
resistance of the reciprocating Genius File and
EdgeFile with WaveOne Gold. According to our
results, the cyclic fatigue resistance of both Genius and
EdgeFile systems was higher than that of WaveOne
Gold, evidencing the highest fatigue resistance for
EdgeFile. Thus, the null hypothesis of the present
study was rejected.

This is the first study on the cyclic fatigue of a
reciprocating EdgeFile instrument. A recent study
has shown that reciprocating EdgeFile X1 induces
low transportation, has a high centering ability,®
and shows similar shaping ability to iRaCe and
XP-endo Shaper.* According to the manufacturer,
the annealed heat-treated Firewire NiTi increases
flexibility, along with its 6% taper and a hyperbolic
cross section.” The association of a thermally treated
alloy with alow core mass (taper .06) may explain the
results obtained in this study. The elevated values for
cyclic fatigue is in accordance with a previous study
on arotary EdgeFile X7, which presented the highest
NCEF values at different temperatures.” Additionally,
another research study on rotary EdgeFiles X7
demonstrated that CM heat treatment has higher
fatigue resistance than instruments without thermal
or Fire-wire treatment.”

Supporting the findings of the present study,
previous research studies have reported that the
resistance to cyclic fatigue of S-shaped endodontic
files with two cutting edges (e.g, Reciproc files) was
greater than that of WaveOne files,*** attributing
their findings to the different cross sections of the

files. Cheung et al.** also reported, through finite
elemental analysis, that NiTi instruments with an
S-shaped or triangular cross-section present better
fatigue resistance than does a square or rectangular
cross section.

Grande etal.*? compared the cyclic fatigue resistance
of two different file cross sections: S-shaped Mtwo
NiTi files (VDW) and the convex triangular ProTaper
Universal files (Dentsply Maillefer). They found that
Mtwo files, which have a smaller core mass, were
more resistant to cyclic fatigue, in accordance with
later findings, showing that files with a greater metal
core mass have lower fracture resistance.” There is
no consensus about cross-sectional shape on cyclic
fatigue resistance, but previous studies have indicated
the dimension of the cross-sectional area as the most
important factor in cyclic fatigue resistance than the
type of alloy.®404

The curvature of the artificial canal was located
5-mm from the coronal end. Considering the taper
of each file, the diameter at 5 mm from the tip (D5),
which would be at the center of the curvature, shows
different values. Wave One Gold has diameter 59 at
D5, whereas Genius 25 is a 45, Genius 30 is a 50 and
EdgeFile is also a 50. Therefore, the greater taper
and, consequently, the large core mass of Wave One
Gold at D5, associated with the parallelogram cross
section, may have influenced the low values on the
cyclic fatigue test. Corroborating previous results
and the findings of the present study, we suggest
that, although the Genius File does not undergo heat
treatment in the martensite phase, its higher cyclic
fatigue resistance compared with WaveOne Gold
might be because of the reduced taper and therefore
alow core mass, explaining its superior performance,
since cyclic fatigue decreases when file diameters
are increased.” In recent years, manufacturers
have tended to produce lower taper files to ensure
a more conservatively shaped canal. Lower taper
files could enhance the fatigue resistance of NiTi
endodontic files.*”

Another major aspect is the difference in
the reciprocating angle recommended by each
manufacturer, which might explain the high
resistance, since decreasing the reciprocation range
of instruments results in an increased cyclic fatigue

T ese de Doutorade - Corlos 1 E RBueno 16



?Irtigo 1 - Bueno et al.

Bueno CRE, Cury MTS, Vasques AMV, Sivieri-Aratijo G, Jacinto RC, Gomes-Filho JE et al. ™

resistance.*® A previous study regarding different
reciprocation angles found that 90° CW-30° CCW was
safer for enhancing instrument resistance to fatigue
failure, when compared to instruments operating at
greater angles.*” Additionally, the present study also
corroborates the findings of Ozyurek et al.,* which
showed the highest cyclic and bending resistance
in double (S-shaped) curved canal for Genius files,
when compared to WOG Primary and Reciproc Blue.

The fractured length of each file was at the center
of the curvature or just above this point, confirming
the positioning of the instruments. The SEM images
showed regular fractographic appearance of cyclic
fatigue with crack initiation areas and overload zones,
which was similar in the four experimental groups.
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Cleaning effectiveness of a
nickel-titanium ultrasonic tip in
ultrasonically activated irrigation:
a SEM study

Abstract: In endodontic treatment, regardless of the instrumentation
technique, the presence of a smear layer covering contaminated dentin
walls is always a concern. Thus, irrigation plays an essential role in
reducing bacterial load. To enhance irrigation effectiveness, different
ultrasonic activation methods and the use of different tips have been
studied. This study assessed the cleaning capacity of the novel NiTi
ultrasonic tip for smear layer removal using ultrasonically activated
irrigation (UAI) with passive or continuous ultrasonic irrigation (PUI
or CUI respectively), compared with conventional irrigation. Forty-five
single-rooted human mandibular premolars were decoronated to a
standardized length of 16 mm. Instrumentation was performed using
the Genius system up to size 50.04 and irrigated with 3% NaOCI.
The specimens were divided into three groups (n = 15) according to
the final irrigation activation technique: conventional irrigation (CI),
as control group; PUI; and CUI, following the manufacturer’s protocol.
The samples were longitudinally cleaved and analyzed under a
scanning electron microscope for smear layer removal according to a
cleanliness score for the cervical, middle, and apical thirds. Data were
evaluated by means of the Kruskal-Wallis and Tukey’s tests, with a 5%
level of significance. UAI enhanced cleaning compared to conventional
irrigation, mainly at the apical third. CUI showed the best results, with
statistically significant lower scores than PUI and CI (p < 0.05). Final
irrigant activation with the NiTi tip showed better cleaning capacity
than conventional irrigation. In addition, CUI resulted in better smear
layer removal than PUL

Keywords: Endodontics; Instrumentation; Dental Pulp Cavity.

Introduction

Root canal instrumentation produces a smear layer, consisting of
organic and inorganic material, mainly formed by dentin, pulp tissue
remnants, odontoblast processes and, in a contaminated canal, there are
also bacteria on dentin walls."? The presence of a smear layer hinders
penetration of antimicrobial agents and endodontic sealers into dentinal
tubules,** possibly compromising the sealing between the filling material
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and the root canal wall, which could interfere in
treatment success.’

Sodium hypochlorite (NaOClI) is a widely used
irrigant for root canal disinfection but, when used
alone, it is ineffective in smear layer removal.” The
addition of 17% ethylenediaminetetraacetic acid
(EDTA) to the irrigation protocol, alternating with
NaOCl, has been recommended for increasing the
effectiveness in smear layer removal.”®

Therefore, irrigation plays an essential role in the
removal of pulp tissue, debris, and microorganisms.’*
In the conventional irrigation technique, the needle
tip should be 1-2 mm from the working length
(WL);"*2 nonetheless, the cleaning of the apical
region remains uncertain without the assistance of
agitation techniques.

To increase the effectiveness and dynamics of
these solutions, different irrigation protocols have
been investigated in association with ultrasonically
activated irrigation (UAI)."**

Passive ultrasonic irrigation (PUI) was described
by Weller et al.”® The protocol is based on passive
insertion of a metal tip/file attached to an ultrasonic
device oscillating at a frequency of 30 kHz into the
canal filled with irrigant.’'¢ After activation, the
instrument is surrounded by acoustic streaming,
agitating the solution and enhancing debris
removal from the apical region, dissociating the
bacterial biofilm."”*

Another ultrasonic protocol was proposed by
Gautarts et al.” The ultrasonic tip is placed in the canal
and the NaOCl keeps flowing, enabling the irrigant to
be continually replaced, providing an uninterrupted
supply of nascent chlorine for organic tissue
dissolution.®® This continuous ultrasonic irrigation
(CUI) does not require irrigant replacement between
ultrasonic file activations® and has demonstrated a
significantly greater penetration of irrigant solution
when used as a final rinse.*

A recent systematic review of activation of
irrigants with ultrasonic agitation was conducted
by Nagendrababu et al.,* emphasizing the use of
the term UAI to encompass all ultrasonic activation
techniques, whether they are passive or continuous.

The 23-mm nickel-titanium (NiTi) ultrasonic tips
(NiTiSonic®, Ultradent Products Inc, South Jordan,

Utah), recently put on the market, present a 20.02 tip
made of NiTi, which, according to the manufacturer,
can be used all the way along the working length,
even in curved canals. This ultrasonic tip releases
irrigant from its base, allowing it to flow to the tip.

Therefore, the aim of this study was to evaluate
the ex vivo cleaning effectiveness of the new NiTi
ultrasonic tip, comparing the PUI and CUI protocols
with conventional syringe irrigation. The null
hypothesis was that there would be no difference
in cleaning effectiveness of NiTi tips between UAI
and conventional irrigation.

Methodology

Root canal preparation

Forty-five single-rooted human mandibular
premolars with single straight canals and fully
formed roots, free from caries, cracks, endodontic
treatments, restorations, and curvatures less than
30¢ according to Schneider’s classification,” were
selected from donations made from a dental
clinic. Mesiodistal and buccolingual radiographs
were taken to confirm a single straight canal
and canal space, excluding calcified root canals.
The root lengths were standardized to 16 mm by
decoronation, using a high-speed, water-cooled
diamond disc. The tooth length was obtained
by introducing #10 K-file (Dentsply Maillefer,
Ballaigues, Switzerland) into the canal to the point of
displaying its tip at the apical foramen. The WL was
obtained by subtracting 1 mm from the tooth length.
To simulate clinical conditions, the apical region
of each root was sealed with a layer of OpalDam
Green gingival barrier (Ultradent Products Inc,
South Jordan, USA), avoiding extravasation of
the irrigating solutions.” To prevent the gingival
barrier from entering the canal, a #10 K-file was
inserted before the layer was applied.

Specimens were randomly divided into
control group (conventional irrigation) and two
experimental groups, PUI and CUI (n = 15). Root
canal instrumentation was performed by the same
operator, an endodontic specialist, with Genius
reciprocating system (Ultradent Products Inc, South
Jordan, USA), according to the manufacturer’s
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instructions. After cervical instrumentation with
orifice shaper 30.08, the canals were prepared with
a shaping instrument 25.04, followed by an apical
finishing file 50.04, until the working length was
reached. Before cervical preparation with the orifice
shaper, the canals were rinsed with 1 mL of 3%
NaOCl (ChlorCid, Ultradent Products Inc, South
Jordan, USA). At each file change (25.04 and 50.04),
the canals were irrigated with 2 mL of 3% NaOCI by
using a 5-mL syringe and 31-gauge double-side port
NaviTip (Ultradent Products Inc, South Jordan, USA)
calibrated to stop -2 mm from the WL, totalizing
5 mL per sample during instrumentation before
the final irrigation protocol. Ultrawave XS LED
piezoelectric ultrasonic device (Ultradent Products
Inc, South Jordan, Utah) was used, promoting the
CUI protocol by changing the water supply for the
specific NaOCl bottle and the specific 18% EDTA
(Ultradent Products Inc, South Jordan, USA). For PUI
and CUI, the noncutting NiTi ultrasonic tip #20.02
(Figure 1) (Ultradent Products Inc, South Jordan,
USA) was used all the way along the working length.
Simultaneously, suction was accomplished by using

a plastic cannula. Apical patency was maintained
at each change of instrument by inserting #10 K-file
up to the apical foramen. The groups were divided
according to the final irrigation protocol.

Control group

Afterinsertion of the last instrument, conventional
irrigation with 5 mL of 3% NaOCl was performed
using positive pressure irrigation. The canal was
then washed and filled with 18% EDTA for 3
minutes, without agitation, totaling 5 mL; the 18%
EDTA was washed out with 5 mL of 3% NaOCl.
The solutions were delivered with a 31-gauge
double-side port NaviTip (Ultradent Products Inc,
South Jordan, USA).

PUI Group

After insertion of the last instrument, the ultrasonic
device was set to power #4, as recommended
by the manufacturer, and the PUI protocol was
followed according to van der Sluis et al.”® The
canal was rinsed and filled with 1 mL of 3% NaOCl.
The ultrasonic NiTi tip was placed 1.0 mm short

Figure 1. The ultrasonic nickel-fitanium tip NiTiSonic® (A); SEM images at 30x magnification (B) and at 150x (C), evidencing the

smooth surface and the noncutting tip.
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of the WL and first activated with NaOCl with
three cycles of 20 seconds with 2 mL of irrigant
replacement before each cycle; Then, the canal
was rinsed and filled with 1 mL of 18% EDTA and
the activation protocol was repeated with 2 mL
of solution replacement before each cycle. Lastly,
a final agitation with 3% NaOCl was repeated,
totaling 5 mL of irrigant during each activation.

CUI Group

After insertion of the last instrument, the
water supply in the ultrasonic device was replaced
with the 3% NaOCl bottle and set to power #4, as
recommended by the manufacturer. The ultrasonic
device was adjusted to release 5 mL for 30 seconds of
activation, and CUI was performed for 30 seconds,
with the tip inserted 1 mm from the WL. Then,
the 3% NaOCl supply bottle was replaced with the
18% EDTA bottle, adjusted to release 5 mL for 30
seconds, and another activation was performed for
30 seconds. The 3% NaOCl bottle was reinserted for
a final CUI of 5 mL for 30 seconds, totaling 5 mL of
irrigant during each activation.

At the end of all procedures, all canals were
irrigated with 5 mL of distilled water to remove
possible salt residues from the irrigation solutions,?
aspirated, and dried with absorbent paper points.

Specimen preparation

A low-vacuum environmental scanning electron
microscope - ESEM (Tabletop Microscope TM3030,
Hitachi, Japan) was used to evaluate endodontic smear
layer removal from the dentin walls, avoiding the gold
coating requirement, which could hinder the analysis.
A gutta-percha cone with the same size of the last
instrument (Genius gutta percha 50.04, Ultradent
Products Inc, South Jordan, USA) was introduced
into the canal.?? In order to facilitate the fractures
into halves, longitudinal grooves were made on the
buccal and lingual external surfaces of each tooth by
using double-sided diamond discs (22 mm in diameter
and 0.1 mm in thickness), operated at low speed, and
until the presence of the pink gutta-percha cone was
seen, avoiding accidental contamination and invasion
of the canal by cutting debris.?

After the teeth were cleaved with the aid of a
chisel, one out of the two halves was selected for
evaluation by SEM. Three external markings were
made on this half with a fine-tip pen on the external
root surface, perpendicularly to the long axis, to
divide it into cervical, middle, and apical thirds of
the same length. After locating the markings on the
canals, the most well-defined area was chosen at a
magnification of 50x.

The images were obtained at 500x using a software
(TM3030 Hitachi software) and were used to evaluate
smear layer removal.

SEM evaluation

Cleanliness was evaluated according to a 5-score
index system, previously used® and codified by
Hulsmann et al.,”® which assesses the presence,
quantity, and distribution of the smear layer as
follows: score 1, smear layer is completely absent;
most tubules are patent and debris-free; score 2, smear
layer covering > 25% of the canal wall and dentinal
tubules; score 3, smear layer evident in 25%-50% of
the canal surface and tubules; score 4, smear layer
evident in 50%-75% of the canal surface and tubules;
and score 5, smear layer covering 75%-100% of the
canal surface and tubules.

Statistical evaluation

The images were blindly evaluated by two
observers after a calibration exercise. The kappa
test was used to verify intra- and interexaminer
reproducibility, in order to validate the subjective
findings. The Kruskal-Wallis test was used to compare
the results obtained by the scores for cleansing
efficacy. Tukey’s test was used for pairwise multiple
comparison. All statistical calculations were performed
using the SigmaPlot Software (version 12.0), with a
level of significance of 5%.

Results

Kappa values of 0.90 and above were obtained,
demonstrating excellent intra- and interexaminer
agreement for the scores. In the SEM analysis,
cleanliness was evaluated by scores for all samples
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Table. Percentage of samples in each group categorized according to the 1-5 smear layer score and the median at the three

analyzed canal thirds.

Variable
Cervical 1 2
Control 50 40
PUI 60 30
Cul 100* 0
Middle
Control 10 30
PUI 45 25
Cul 75 25
Apical
Control 10 20
PUI 10 45
Cul 60* 30

Score (%) Median

3 4 5

10 0 0 1
10 0 0 1
0 0 0 1
25 25 10 2
10 10 10 1
0 0 0 1
10 85 25 4
10 30 5 2
0 10 0 1

*Statistical difference.

(n = 15), and the results for the various groups are
reported in Table as median score.

All groups achieved median score 1 in the
cervical area. The control group had the highest
scores for the middle (score 2) and apical (score 4)
thirds (Table). Although the PUI group had lower
smear scores than the control group, there was
no statistical difference between the two groups
(p > 0.05). The CUI group showed the lowest
scores, achieving median 1 at all thirds (Table 1),
with statistical difference from both control and
PUI groups (p < 0.05). There was also a statistical
difference between cleanliness at the apical and
cervical thirds (p < 0.05) and between the middle
and cervical thirds (p < 0.05). A representative
sample from each group is shown in Figure 2.

Discussion

The present study evaluated the cleaning
effectiveness of the new NiTi ultrasonic tips in
extracted mandibular premolars from the apical
to the cervical thirds. Based on the results, the null
hypothesis was rejected because the NiTi ultrasonic
tip enhanced smear layer removal during the final
irrigation in both UAI protocols. The premolars used
had a closed-end canal, to simulate in vivo conditions,
in which there is possible gas entrapment inside the
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rootcanal and the foramen is sealed by the periodontal
ligament and embedded in alveolar bone.?

According to a previous report,” the minimum
instrumentation size needed for penetration of
irrigants into the apical third of the root canal is
#30; however, enlarging the canals to sizes over
#40 is recommended to achieve better cleaning.**
In order to standardize instrumentation, the protocol
was the same for all three groups (CI, PUL and
CUI). The apical third was initially instrumented
with a reciprocating file #25.04 and extended to a
#50.04, in order to allow for adequate penetration
of irrigants, since larger canals permit better flow
of solutions.***

In the literature, there is no consensus about
the efficiency of PUI in smear layer removal over
conventional irrigation. Previous studies have reported
that PUI enhanced canal cleaning,”* but other studies
have shown no difference between those methods.?***
Itis important to observe that the PUI protocol used
in those studies was different from the one used in
the present research as the instrumentation protocol.

PUI followed van der Sluis protocol, according
to which three agitation cycles of 20 seconds and
replacement of the irrigant solution promote better
cleaning, indicating the presence of a cumulative
effect.”® The efficacy of a three-step protocol with
renewal of the irrigants has also been recently
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Cervical

Control

TM3030 0482 2017/08/30 15:37 A 200 um  TM3030 0501

PUI

TM3030_0251 2017008017 1458 A

20 3 TR R
TM3030_0309 2017/08/18 11:01 A 200 um  TM3030 0320

2017/08/30 17:02A 200 um

2017/08/18 11:47 A

Middle Apical

TM3030 0500

2017/08/30 17:00 A

TM3030 0268 2017/08/17 16:16A 200 pm

200pum  TM3030 0360 2017/08/18 16:00A 200 pm

Figure 2. SEM images (500x) of representative samples from the apical, middle, and coronal thirds, illustrating the different irrigant
activation techniques. Conventional irrigation (control) group (A-C) showing a clean wall with few smear plugs (arrows) at the
coronal third, less open tubules with more smear layer at the middle third, and a thicker smear layer with few open tubules at the
apical third, with smear layer evident in 50%-75% of the canal surface and tubules. PUI group (D-F) showing a clean wall at the
coronal third, less open tubules with more smear layer plugs at the middle third, and a smear layer covering >25% of the canal
wall and dentinal tubules at the apical third; CUI group (G-I) showing a highly clean canal surface with open dentinal tubules at
the coronal, middle, and apical thirds, where most tubules are open and debris-free.

confirmed by Bao et al.,* with PUI showing a better
cleaning effect than that of conventional needle
irrigation. Our results showed an efficient cleaning
when this protocol was used, corroborating previous
findings.?** These results might be ascribed to
the acoustic microstreaming produced along the
instrument by the ultrasonic device, leading to
formation of irrigating jets, directed towards the
root canal wall.*7%

CUI showed the best results regarding cleaning
effectiveness. This is in accordance with previous
findings reporting that CUI used as a final rinse
significantly increases the penetration of the irrigating
solution.” Ultrawave XS allows connecting bottles
containing EDTA or NaOCl directly to the ultrasonic
device and using the irrigant immediately for PUI or
CUL In addition, it permits a final flush with water,
which cleans the equipment internally, preventing
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any damage to it. The EDTA concentration that is
commercially available with Ultradent® bottles is 18%.
This method allows the continuous replenishment of
the solution and its activation by the ultrasonically
energized tip, which may explain our results. The
release of the irrigant in CUI was set to 5 mL in 30
seconds, using 5 mL as standard for all irrigating
protocols. Therefore, to adopt the manufacturer’s
protocol for the NiTi tip, 18% EDTA was used in the
ultrasonic protocol and in the conventional positive
pressure irrigation group.

A study concerning dentin erosion found that
17% EDTA should not remain in contact with root
canal walls for more than 1 minute.** However,
Mancini et al.® reported that 17% EDTA for 1 minute
was insufficient to completely remove the smear
layer from the apical third. In our study, the time
for the EDTA protocol was 3 minutes, as used in
previous studies.? 234

Both UAI techniques were compared with each
other and also with conventional irrigation. The
analyzed data show that both ultrasonic techniques
improved cleanliness, but the CUI technique was more
effective, as evidenced by the statistical difference.
A systematic review has recently demonstrated that
UAI provides better root canal disinfection than other
irrigation systems.? Our results corroborate those
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Abstract

Objective Evaluate, in vivo, the biocompatibility via subcutaneous inflammatory tissue response and mineralization ability of the
new MTA Flow compared to MTA Angelus and ProRoot MTA.

Materials and methods Forty male Wistar rats were assigned and received subcutaneous polyethylene tube implants containing
the test materials and a control group with empty tube (7 =10 animals/group). After days 7, 15, 30, and 60, the animals were
euthanized and the polyethylene tubes were removed with the surrounding tissues. Inflammatory infiltrate and thickness of the
fibrous capsule were histologically evaluated. Mineralization was analyzed by Von Kossa staining and under polarized light. Data
were analyzed via Kruskal-Wallis and Dunn’s test with a significance level of 5%.

Results MTA Angelus induced the mildest reaction after 7 (P > .05) and 15 days (P < .05) followed by MTA Flow, both cements
achieving mild inflammatory reaction after 15 days. ProRoot MTA induced a severe inflammation on day 7 and was reducing
after day 15 (P> .05). No difference was observed after days 30 or 60 (P> .05). Von Kossa staining and birefringent structures
were positive to all materials.

Condlusions At the end of the experiment, the novel MTA Flow showed biocompatibility and induced biomineralization in all
time periods.

Clinical relevance The final consistence obtained in MTA Flow may facilitate several procedures, indicating that the MTA Flow
has a promising application in endodontics.

Keywords Biocompatibility - Biomineralization - Inflammation - Mineral trioxide aggregate

Introduction

Biocompatibility and capacity to induce biomineralized tissue
formation are important requirements for sealing materials
that will be in contact with tissue [1].

The biocompatibility evaluation in rat model may be
assessed by different methodologies such as pulpotomy [2],
subcutaneous implantation [3], cell viability [4], or even in
dental alveolus [5]. The implantation of these materials into
the subcutaneous tissue of rats is considered a standardized

B4 Eloi Dezan-Janior
dezan @foa.unesp.br

! Department of Endodontics, Aragatuba School of Dentistry, Sao
Paulo State University (Unesp), R: José Bonifécio, 1193, Vila
Mendonga, Aragatuba/Sdo Paulo 16015-050, Brazil

[6], common, and valid test for biocompatibility [7], analyzing
the inflammatory tissue response through HE staining [3-5, 8,
9] within time periods of the recommended standard practices
for biological evaluation of dental materials [10].

The mineral trioxide aggregate (MTA), a Portland cement-
derived calcium silicate-based hydraulic material [11], was de-
veloped to seal communication between teeth and the periodon-
tium, in pathologic or iatrogenic root perforations [12, 13].
Numerous studies confirmed its effectiveness as a biocompat-
ible material, inducing the formation of mineralized tissue, be-
sides the antimicrobial activity. These excellent biological prop-
erties are attributed to its alkaline pH and calcium ion release
capacity, maintaining a high pH [14-16]. The hydrophilic na-
ture of the MTA particles allows its use even in the presence of
moisture, once the main components are tricalcium and
dicalcium silicate, tricalcium aluminate, tricalcium oxide, and
radiopacifying agents, such as bismuth oxide [17].
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MTA Angelus (Angelus Induastria de Produtos
Odontologicos S/A, Londrina, PR, Brazil) and ProRoot MTA
(Tulsa Dental Products, Tulsa, OK, USA) are MTA cements
with proven biological and physical-chemical properties, both
known for their favorable tissue response and capability of
forming mineralized tissue [8, 18].

However, the poor working properties of MTA-like ce-
ments results in a paste hard to manipulate and to deliver
[19]. Considering the importance of the ideal flow ability that
endodontic cements should present reducing the difficulty of
handling [20], high plasticity cements were developed with
the aim of improving these characteristic.

Recently released, the MTA Flow (Ultradent Products Inc.,
South Jordan, UT) consists of a gray powder of di- and
tricalcium silicate, bismuth oxide as radiopacifier, and a liquid
vehicle composed of a water soluble silicone-based gel [21].
According to the manufacturer, the gel provides a higher plas-
ticity, improving handling and its insertion, which may facil-
itate the use in various procedures: a thick consistency for pulp
capping, pulp chamber perforation, and pulpotomy; a thin
consistency for resorption, apexification, and apical plug; or
a putty consistency for root end filling [22]. The manufacturer
also claims that unlike other MTA cements, which use water
and have a coarse sandy consistency, MTA Flow cement has a
creamy and homogeneous characteristic after mixing. The
presentation of this material seems to be innovative in relation
to the other cements available. However, as a new cement,
there are no published studies concerning its biological prop-
erties or ability to induce the formation of hard tissue.

Therefore, the aim of the present study was to evaluate
MTA Flow, analyzing the in vivo reaction of subcutaneous
tissue of rats, and its ability to induce mineralization, assessed
by von Kossa staining and presence of structures birefringent
under polarized light. MTA Angelus and ProRoot MTA were
used for comparison.

Materials and methods

This study was approved by the institutional Ethics Committee
on the Use of Animals at UNESP-Universidade Estadual
Paulista (Sdo Paulo, Brazil) and conducted in accordance with
relevant guidelines (CEUA protocol 00225-2017).

In vivo study

Subcutaneous implant Forty male 4 to 6-month-old Wistar
rats, weighing 250-280 g, were used in the study. The animal
sample size was based on previous studies that used the same
methodology to assess biocompatibility and biomineralization
in subcutaneous tissue of rats [3-5, 8, 23]. The animals were

housed in temperature-controlled rooms and were provided
with water and food ad libitum.

One hundred and sixty polyethylene tubes (Abbott
Laboratories of Brazil, Sao Paulo, SP, Brazil) were prepared
according to previous studies [8, 24] and filled with the tested
cements. ProRoot MTA and MTA Angelus were spatulated
according to the manufacturer’s specification and inserted into
the tubes with the aid of a lentullo spiral. MTA Flow was
manipulated and inserted into a proper syringe and directly
inserted into the polyethylene tubes. Therefore, all polyethyl-
ene tubes were completely filled, standardizing the same
amount of cement for all experimental groups. Forty extra
polyethylene empty tubes were used as controls, totaling
160 tubes in the experiment.

The surgical procedure was performed following previous
studies [3, 8, 23, 24]. After administration of xylazine (10 mg/
kg Rhobifarma Industria Farmacéutica Ltda, Hortolandia,
Brazil) and ketamine (25 mg/kg Unido Quimica
Farmacéutica Nacional S/A, Sdo Paulo, Brazil) intramuscular
anesthesias, the backs of the animals were shaved, antisepsis
was obtained with 5% iodine solution, and a 2-cm incision
was formed in a head-tail orientation with no. 15 Bard-Parker
blade (BD, Franklin Lakes, NJ). The skin was reflected to
create two pockets on the right side (upper and lower) and
another two pockets on the left side of the incision (upper
and lower), totalizing four experimental sites. Three polyeth-
ylene tubes, containing the cements, and an empty tube, as the
control, were implanted in the dorsal region of each animal in
the created pockets in opposite directions (upper right, upper
left, lower right, and lower left), and the skin was closed witha
4/0 silk suture (Johnson & Johnson Produtos Prossionais Ltda,
Séao José dos Campos, Brazil).

After 7, 15, 30, and 60 days, the animals were killed by an
anesthetic overdose. Polyethylene tubes, with the surrounding
tissues, were removed and fixed in 10% formalin solution at a
pH 7.0. The fixed specimens were processed and embedded in
paraffin and serially sectioned into 5-pum cuts for staining with
hematoxylin-eosin and 10-um cuts for staining with the von
Kossa technique, used to observe mineralization as it darkly
stains mineralized structures. Some slices were kept unstained
for examination under polarized light to observe the presence
of birefringent structures (Graph 1).

Histologic analysis was performed by a single calibrated
operator in a blinded manner under x 400 light microscopy
(DM 4000 B; Leica, Wetzlar, Germany). Tissue reactions at
the open end of the tubes were scored according to previous
studies [3-5, 8, 23] as follows: 0, few inflammatory cells or no
reaction; 1, less than 25 cells and mild reaction; 2, between 25
and 125 inflammatory cells and moderate reaction; and 3, 125
or more inflammatory cells and severe reaction. Fibrous cap-
sules were considered thin when < 150 um and thick when >
150 um, as exemplified in Fig. 1. The Hematoxylin-Eosin
staining allowed the evaluation of the contact area between
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Subcutaneous Experiment

Day 0 | | Day 7 | | Day 15 | Day 30 | I Day 60
HE and Von Kossa
Microscopy
Analysis
Laboratory Process Laboratory Process Laboratory Process Laboratory Process
Surgical Implantation of
polyethylene tubes

Euthanasia of 10 animals
(7 Days groups)

Euthanasia of 10 animals
(15 Days Groups)

Euthanasia of 10 animals

Euthanasia of 10 animals

(30 Days Groups) (60 Days Groups)

Graph 1 Study graphical outline, showing the experiment protocol at day
0 (subcutaneous implantation), days 7, 15, 30, and 60 (euthanasia,
followed by the laboratory process: tube removal with surrounding

the subcutaneous tissue and the tested material (at the lower
center of the polyethylene tube) and one of the scores was
attributed, classifying the tissue response as mild, moderate,
or severe for each experimental time period of 7, 15, 30, and
60 days.

Calcification was recorded as positive or negative by Von
Kossa staining and present or absent under PL [3, 8].

Statistical analysis Data were submitted to statistical analysis
using the Sigma Plot (version 12.0, Systat Software Inc., CA)
software program. The Kruskal-Wallis test followed by the
Dunn test was performed for the nonparametric data; P <.05
was considered significant.

tissue and paraffin embedding), samples staining and microscopy
analysis.

Results
The control group

A moderate chronic inflammatory infiltrate (median score 2)
was observed at the first two experimental periods (Table 1),
on days 7 and 15 (Fig. 2(A,a, B,b)). The inflammatory reac-
tion, with lymphocytes and macrophages, was present in the
thick fibrous capsule. After 30 and 60 days (Fig. 2(C,c, D,d)),
the fibrous capsule became thin, with few inflammatory cells
(median score 1). The mineralization was negative for Von
Kossa and no birefringent structures were present under PL
at all time periods, as observed in Table 2 and Fig. 3(A,a-D,d).

Fig. 1 Example of subcutaneous tissue in the MTA Flow group (60 days
after implantation) situated around the polyethylene tube, after the tube
removal for the paraffin embedding process, evidencing the area of
analysis in the tube opening in x 25 magnification (A). The contact area
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in the center of the tube opening in x 100 (B); and the inflammatory
response in the tube opening in x 400 (C), where it is possible to observe
fibroblasts and a few inflammatory cells, mainly composed by lympho-
cytes (less than 25), characterizing a mild inflammatory reaction (score 1)
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Table 1 Percentage of samples in each group categorized according to
the inflammatory score, the median and the thickness of fibrous capsule in
the four experimental periods

Score (%) Median  Capsule
7 days 0 1 2 3
Control 0 0 100 0 2 Thick
MTA Flow 0 20 80 0 2 Thick
MTA Angelus 0 40 60 0 2 Thick
ProRoot MTA 0 30 20 50 3 Thick
15 days
Control 0 0 100 2 Thick
MTA Flow 0 70 30 0 1 Thin
MTA Angelus 0 100 0 1 Thin
ProRoot MTA 0 30 40 30 2 Thick
30 days
Control 0 100 0 0 1 Thin
MTA Flow 0 100 0 0 1 Thin
MTA Angelus 0 100 0 0 1 Thin
ProRoot MTA 0 80 20 0 1 Thin
60 days
Control 20 80 0 0 1 Thin
MTA Flow 0 100 0 0 1 Thin
MTA Angelus 0 100 0 0 1 Thin
ProRoot MTA 0 100 0 0 1 Thin

MTA Angelus

The inflammatory infiltrate was considered moderate after
7 days (median score 2) and reduced to a mild inflamma-
tion (median score 1) from day 15 (P<.05) to 60, as
observed in Fig. 2(E,e-H,h) and Table 1. The fibrous cap-
sule near the tube opening was thick only on day 7 (Fig.
2(E,e)) and became thin after 15 days and continued until
the end of the experimental time periods (Fig. 2(F,f~H.,h)).
Granulations birefringent to PL and Von Kossa-positive
staining were observed near the tube opening at all time
periods (Fig. 3(E,e-H,h) and Table 2).

MTA Flow

Only on day 7, a moderate inflammatory cell infiltration (me-
dian score 2), comprising lymphocytes and macrophages, was
present in the thick fibrous capsule (Fig. 2(Li); Table 1). After
15, 30, and 60 days, the intensity of the inflammation was
reduced (median score 1; P>.05) and the fibrous capsule
was thin, similar to the control group (Fig. 2(Jj—L,1). The
presence of granulations birefringent under PL and Von
Kossa-positive stains was observed in all time periods (Fig.
3(Li-L,) and Table 2).

ProRoot MTA

Although a severe inflammatory infiltrate was observed (me-
dian score 3) after 7 days (P> .05), it was notable that almost
half of the specimens achieved a moderate and mild inflam-
mation (median score 2 and 1, respectively), both in a thick
fibrous capsule (Fig. 2(M,m) and Table 1). After 15 days, the
inflammation was reduced (median score 2) but the fibrous
capsule remained thick (Table 1). Only after 30 and 60 days,
the inflammatory infiltrate was considered mild (median score
1; P> .05) and with a thin fibrous capsule in both periods (Fig.
2(0,0, P,p) and Table 1), same result as the control group. The
biomineralization ability was observed in all time periods,
with structures darkly stained by the Von Kossa technique
and the presence of birefringent structures under PL was also
observed (Fig. 3(M,m-P,p) and Table 2).

Comparison among groups

Data were compared for each time period (Tables 1 and 2).
After 7 days, the control group showed a median score 2, with
a thick fibrous capsule. ProRoot MTA showed a severe in-
flammation (median score 3) after 7 days, with a thick fibrous
capsule. After 15 days, it was possible to observe a reduction
on the inflammatory infiltrate regarding MTA Angelus
(P < .05) and MTA Flow, which induced a mild inflammation
(median score 1) in a thin fibrous capsule. The control group
remained with a thick fibrous capsule and the moderate in-
flammation after 15 days, same result as the ProRoot MTA.
After 30 and 60 days, all groups presented a mild inflamma-
tory infiltrate (median score 1), restricted to a thin fibrous
capsule, without statistical difference (P> .05).

Regarding the biomineralization, with exception of the
control group, all cements induced the formation of mineral-
ized tissue in all experimental periods, confirmed by the pres-
ence of structures darkly stained by the Von Kossa technique
(Fig. 3(A-P); Table 2) and the birefringent structures observed
under polarized light (Fig. 3(a-p); Table 2).

Fig. 2 Representative images of subcutaneous tissue reactions in the P>
experimental groups. The control group (A,a-D,d), at 7 and 15 days:
thick fibrous capsule and moderate inflammatory reaction (A,a, B,b);
after 30 days: reduction in the thickness of the fibrous capsule and mild
inflammatory reaction (C,c) and (D,d) thin fibrous capsule and mild
inflammatory reaction (day 60). MTA Angelus (E,e-H,h); at 7 days:
(E,e) thick fibrous capsule formation and moderate inflammatory cell
infiltration; after 15, 30, and 60 days: (F,f~H,h) reduction in the
thickness of the fibrous capsule formation and mild inflammatory cell
infiltration. MTA Flow (L,i-L,1), at 7 days: (I,i) moderate cell infiltration
in a thick fibrous capsule; after 15, 30, and 60 days: (J,j-L,l) mild
inflammatory reaction in a thin fibrous capsule. ProRoot MTA (M,m—
P,p), at 7 days: (M,m) severe inflammatory infiltrate in a thick fibrous
capsule; at 15 days: (N,n) moderate inflammation in a thick fibrous
capsule; after 30 and 60 days: (0,0, P,p) mild inflammatory cell
infiltration and a thin fibrous capsule. Hematoxylin-eosin staining.
Original magnification: (A—P) x 100, (a—p) x 400
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Table 2  Percentage of samples in each group categorized according to
‘Von Kossa-positive to mineralization and presence of birefringents crys-
tals under polarized light

Von Kossa (%) Polarized light (%)
7 days

Control 0 0
MTA Flow 100 100
MTA Angelus 100 100
ProRoot MTA 100 100
15 days

Control 0 0
MTA Flow 100 100
MTA Angelus 100 100
ProRoot MTA 100 100
30 days

Control 0 0
MTA Flow 100 100
MTA Angelus 100 100
ProRoot MTA 100 100
60 days

Control 0 0
MTA Flow 100 100
MTA Angelus 100 100
ProRoot MTA 100 100
Discussion

This research showed the MTA Flow was biocompatible and
induced biomineralization, as well as the MTA Angelus and
the ProRoot MTA. According to the American Association of
Endodontists, a new material should be biologically and clin-
ically studied before its use [25], since materials that will be in
close contact with the periapical tissues should exhibit bio-
compatibility and the ability to induce the formation of min-
eralized tissue [26]. The rat model for subcutaneous implan-
tation is widely used as one of the pre-clinical research tests
for biocompatibility, when facing new materials [6, 7, 27].

The choice of using MTA Angelus and the ProRoot MTA
as a positive control was due to several studies concerning
biocompatibility and biomineralization. In the present study,
the groups showed a moderate initial inflammatory response,
reducing over time as the fibrous capsule became thin, corrob-
orating previous findings [9, 24, 28-31]. This initial inflam-
matory reaction is due to the surgical procedure, and the nor-
mal reaction form the tissue when facing a subcutaneous im-
plant, as well as for the MTA Angelus and the MTA Flow
group. It is normal to observe an initial inflammatory reaction
when using MTA-like cements, because the alkalinity damage
provoked on tissues but it is also important to state that the
biocompatibility of a material is achieved if the initial inflam-
matory reaction reduces over time, to a not significant level
[32, 33].

The biocompatibility and bioactivity of MTA begins with
its setting reaction. The hydration of mineral oxide

compounds produces calcium silicate hydrate and calcium
hydroxide, which after dissociation, continuously releases
Caions, providing a high alkalinity environment and inducing
the formation of mineralized tissue [34]. The ions Ca, origi-
nating from the MTA dissociation, interacts with P ions in
body fluids resulting in the formation of calcium phosphate
crystalline structures on the materials’ interfacial surfaces,
which is an amorphous form of calcium phosphate and/or
carbonate apatite [35-38].

The earliest MTA cements exhibited a difficult handling
and consequently difficult delivering [39] leading to the con-
stant search of new formulations to improve flowability, com-
bining enhanced handling, mechanical and biological proper-
ties [40, 41]. This innovation in the vehicle used to achieve a
higher plasticity type of MTA has been recently studied,
showing biocompatibility and inducing biomineralization [8].

A recent study regarding the chemical-physical properties
and the apatite-forming ability of the MTA Flow reported
alkalinizing capability, low solubility, good radiopacity and
the ability to form calcium phosphate deposits [42]. Until
now, there are no studies in the literature concerning the bio-
logical properties of the MTA Flow. The manufacturer claims
that this novel MTA-repair cement combined with the water
silicone-based gel improves the handling of the cement and
can be adapted depending on the procedure, since after
mixing, the MTA Flow achieves a consistency that passes
through a syringe, facilitating insertion [22].

Previous reports that used the implantation of bioactive
materials in subcutaneous tissue of rats described the forma-
tion of a mineralized layer, darkly stained by the Von Kossa
technique [3, 34]. In the present study, the biomineralization
ability of MTA Flow was detected by the presence of struc-
tures birefringent to polarized light and von Kossa-positive
staining, also observed in the MTA Angelus and ProRoot
MTA. According to Hinata [11], the presence of Von Kossa-
positive structures is in accordance with a production of Ca
and P surface precipitates and a Ca- and P-rich layer at the
interface between material and tissue, supporting the ability of
calcium silicate-based materials to promote biomineralization
after contact with connective tissue. Reinforcing these find-
ings, Guimaraes et al. [42] reported through an energy-
dispersive X-ray (EDX) analysis that the calcium (Ca) and
phosporous (P) ratios of MTA Flow were higher in

Fig.3 Biomineralization in the experimental groups in Von Kossa (A-P) p>
and under polarized light (a—p) under % 100 magnification; control at 7,
15, 30, and 60 days: absence of dystrophic calcification (A-D) and
absence of birefringent structures under polarized light (a—d) in all time
periods; MTA Angelus at 7, 15, 30, and 60 days: Von Kossa-positive
staining (E-H) and granulations birefringent to PL (e-h) were observed
near the tube opening at all time periods; MTA Flow at 7, 15, 30, and
60 days: presence of Von Kossa-positive staining (I-L) and birefringent
structures under PL (i-]) in all periods; ProRoot MTA at 7, 15, 30, and
60 days: Von Kossa-positive staining (M—P) and birefringent structures
under polarized light (m—p) in all experimental periods
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comparison with MTA Angelus, possibly related to the gel
vehicle, which increases the resistance of particles to external
water.

Another important factor observed in our laboratory expe-
rience was the different consistency between the types of
MTA used in the study during the mixing. Although the par-
ticle size was not analyzed in this research, the granulations in
MTA Angelus and ProRoot MTA were apparently more thick,
hindering the cement handling, while the MTA Flow showed
a thinner composition of the powder, which, in addition of the
water-based gel, facilitated the procedure, corroborating pre-
vious findings [42]. The manufacturer claims that the smooth
consistency achieved with MTA Flow cement is due not only
to the proprietary gel medium, but mainly also to the ultrafine-
fined powder, which differs from others MTA cements avail-
able in the market [22]. The potential influence of particle size
might increase the reactivity of the dicalcium and tricalcium
silicate particles, since the geometry of small MTA particles
enables entering into open dentin tubules, which could be an
important mechanism to enhance the sealing ability and even
improving the handling of MTA-like cements [43].

Within the limits of this study in the rat model, the novel
MTA Flow showed biocompatibility and the ability to form
biomineralizated tissue, representing an alternative to the con-
ventional MTA, with a final consistency that could facilitate
its clinical use. Since this is the first study evaluating biolog-
ical properties, additional research is necessary to confirm the
present findings.
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VI. Consideragoes Finais

A instrumentac&o dos canais radiculares tem evoluido, desde a introdugéo
de instrumentos em niquel-titinio na década de 80 até os dias de hoje, com
diferentes ligas, tratamentos térmicos e cinematica proporcionadas por motores
endodénticos para automatizagdo das limas. A evolugcdo das metodologias de
pesquisas leva a uma consequente evolucdo dos materiais, possivelmente
contornando desvantagens. Logo, novos materiais, devem continuar passando
por pesquisas, objetivando se aproximar de um material ideal.

O teste de fadiga ciclica fornece dados sobre diferentes resultados
relativos as resisténcias das secgdes transversais, conicidade, cinematica e tipo
de liga utilizada no instrumento. Apesar de existir aparatos que permitam testes
de fadiga torcional ou ciclica, de forma estatica ou dindmica, o presente estudo
utilizou o teste estatico ciclico. Os resultados mostraram desempenho
satisfatério das novas limas, porém testes adicionais sdo recomendados, para
avaliar diferentes situacdes de estresse do instrumento, tanto em cinematicas
guanto em curvaturas diferentes e temperatura corporal.

No que diz respeito ao inserto ultrassdnico, o protocolo final de ativagéao
da solugéo irrigante ja é considerado de primordial necessidade em tratamentos
convencionais, mas principalmente em retratamentos. A importancia da ativagéo
e potencializagdo da solugdo irrigante tornou-se fundamental apods
automatizacao das limas e sua evolugao para instrumento Unico, uma vez que
volume, frequéncia e renovacgao do irrigante tende a diminuir com a redugao do
numero de limas utilizadas no tratamento, considerando o protocolo de irrigagao
entre troca de instrumentos. Até o momento, ndo ha uma unica solucédo a ser
utilizada, devendo haver alternancia entre irrigantes. O hipoclorito de sdédio,
amplamente utilizado e considerado por muitos autores como padrao ouro, deve
ser alternado com o EDTA para remocgéo eficaz da smear layer. As filosofias que
preconizavam a permanéncia da smear layer cobrindo os tubulos dentinarios,
advogavam uma menor permeabilidade entre o canal radicular e o meio externo.
Porém, sabe-se que a permanéncia de bactérias no interior dos tubulos esta
diretamente associada com maior insucesso no tratamento. Sua remocgao
influencia tanto em uma melhor acdo da medicacao intracanal, quando maior

penetrabilidade dos cimentos endoddnticos na fase de obturagdo. Comumente,
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pontas utilizadas para ativar solugao irrigante séo feitas de uma liga de aco inox.
O inserto de niquel-titanio tem a premissa de ser mais resistente, porém, o
presente trabalho avaliou a eficacia do inserto fabricado com liga de NiTi em
ativar a solugéo irrigante. Nossos resultados mostraram que o inserto de NITI
pode ser utilizado para protocolo final de irrigagéo, sendo eficaz e melhorando a
remogao da smear layer, em ambos os protocolos de ativacdo. Esses achados
corroboram resultados anteriores com insertos convencionais, indicando que
tanto a ativagao passiva quanto a continua séo eficazes em aumentar a remogéo
de smear layer.

O agregado de triéxido mineral (MTA), apesar de todos os aspectos
positivos de biocompatibilidade e biomineralizagao ao longo de anos (desde sua
introdugdo na endodontia na década de 90), sempre foi apresentado com uma
caracteristica negativa relativa a sua manipulagdo. A consisténcia final arenosa
obtida no MTA dificulta a manipulacéo e, principalmente, sua inser¢cdo. Tendo
em vista essa peculiaridade, os fabricantes tém voltado atencéo para contornar
essa dificuldade e formulagbes recentes foram apresentadas como Alta
Plasticidade (HP) ou Flow. Para alterar essa consisténcia, mudangas foram
feitas tanto no veiculo, quanto no préprio po, com utilizagdo de microparticulas.
Quando ocorre alteracbes nas formulagdes, os produtos devem ser sempre
pesquisados para avaliar alteragdbes nas propriedades fisico-quimicas e
biolégicas do material. O presente estudo utilizou um modelo animal em rato,
frequentemente utilizado na literatura, para analise da resposta subcutanea do
MTA Flow, quanto a inflamagdo e biomineralizagcdo. O MTA flow reduziu a
inflamacéao inicial e induziu a deposicao de estruturas mineralizadas. Os achados
bioldgicos do presente trabalho e fisico-quimicos previamente demonstrados,
associados a consisténcia de facil manipulacdo em alta plasticidade observada
em laboratorio, sugere este cimento como uma alternativa entre os materiais

reparadores a base de MTA presentes no mercado.
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Instrugdo Normativa

Aézfev UNIVERSIDADE ESTADUAL PAULISTA

u ne s " 90LI0 DE MESQUITA FILHO”
Campus de Aragatuba

Rn”

INSTRUCAO NORMATIVA N.° 014-CPPGCO, de 14 de margo de 2013.

Dispde sobre as Normas para Redagdo de Dissertagdes e Teses do Programa de Pés-
Graduagdo em CIENCIA ODONTOLOGICA, de acordo com a Resolugdo UNESP-
24, DE 24/02/2012.

O Coordenador do Programa de Pés-Graduagdo em Ciéncia Odontolégica desta
Faculdade, considerando a decisdo do Conselho do Programa, por ocasido de sua reunido, levada a
efeito em 08/03/2013, baixa a seguinte instrugdo normativa:

Artigo 1° - A redag@o do trabalho de Dissertagéo ou Tese do aluno do Programa de Pés-Graduagio em
Ciéncia Odontol6gica podera ser realizada pela forma tradicional ou em formato de artigo.

Artigo 2° - O trabalho em formato de artigo deverd conter os seguintes elementos em sua estrutura:
I - Trabalho resultando em somente um artigo

1. Capa;

2. Folha de Rosto;

3. Ficha catalogréfica (no verso da folha de rosto);

4. Dados Curriculares (facultativo);

5. Dedicatéria (facultativo);

6. Agradecimentos (facultativo);

7. Epigrafe (facultativo);

8. Titulo e Resumo em Portugués;

9. Titulo e Resumo em Inglés (Abstract);

10. Lista de figuras (facultativo);

11. Lista de tabelas (facultativo);

12. Lista de abreviaturas (facultativo);

13. Sumario;

14. Artigo na integra (redigido nas normas do periédico escolhido)

15. Anexos

II - Trabalho resultando em dois artigos ou mais
1.Capa;

2. Folha de Rosto;

3. Ficha catalografica (no verso da folha de rosto);
4. Dados Curriculares (facultativo);

5. Dedicatoria (facultativo);

6. Agradecimentos (facultativo);

7. Epigrafe (facultativo);

8. Titulo € Resumo Geral em Portugués;

9. Titulo e Resumo Geral em Inglés (Abstract);

10. Lista de figuras (facultativo);

11. Lista de tabelas (facultativo);

12. Lista de abreviaturas (facultativo);

13. Sumario;

14. Introdugdo Geral (com referéncias inseridas como notas de rodapé);
15. Artigos na integra (redigido nas normas do peri6dico escolhido)
16. Anexos

Pardgrafo tinico — Os anexos deverdo obrigatoriamente conter as nofmas dos peri6dicos nos quais os
artigos foram redigidos. Além disso, toda a informagéo que vier a Somplementar o fratatho e que ndo
constar no texto do artigo devera ser colocada sob a forma de anéxos. lofa {r, mags ndo
se limitam a, imagens, fluxogramas, protocolos laboratoriais, tabglas,
Artigo 3° - Esta instrugdo normativa entra em vigor na data de fua pybli
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CEUA

&8 UNIVERSIDADE ESTADUAL PAULISTA 7N

unesp ¥ 90LI0 DE NESQUITA FILHO" NGB tuba

CAMPUS ARACATUBA
FACULDADE DE ODONTOLOGIA )
FACULDADE DE MEDICINA VETERINARIA

CEUA - Comissao de Etica no Uso de Animais
CEUA - Ethics Committee on the Use of Animals

CERTIFICADO

Certificamos que o Projeto de Pesquisa intitulado “Avaliagdo da resposta tecidual
e capacidade de biomineralizagdo de materiais endoddnticos bioceramicos”,
Processo FOA n° 00225-2017, sob responsabilidade de Eloi Dezan Junior apresenta
um protocolo experimental de acordo com os Principios Eticos da Experimentagéo
Animal e sua execucao foi aprovada pela CEUA em 19 de Abril de 2017.

VALIDADE DESTE CERTIFICADO: 19 de Abril de 2018.
DATA DA SUBMISSAO DO RELATORIO FINAL: até 19 de Maio de 2018.

CERTIFICATE
We certify that the study entited “Biocompatibility and biomineralization
assessment of bioceramic endodontic materials”, Protocol FOA n° 00225-2017,
under the supervision of Eloi Dezan Janior presents an experimental protocol in
accordance with the Ethical Principles of Animal Experimentation and its
implementation was approved by CEUA on April 19, 2017.

VALIDITY OF THIS CERTIFICATE: April 19, 2018.
DATE OF SUBMISSION OF THE FINAL REPORT: May 19, 2018.

CEUA - Comiss&o de Etica no Uso de Animais

Faculdade de Odontologia de Aragatuba

Facuidade de Medicina Veterinaria de Aragatuba

Rua Joseé Eonifacio, 1193 — Vila Mendonga - CEP: 16015-050 - ARACATUBA - SP
Fone (18) 5636-3234 Email CEUA: ceua@foa.unesp br
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Guia para submissdo de m’ﬁgos
Guidelines for publishing papers in Brazilian Oral Research

Presentation of the manuscript

The manuscript text should be written in English and provided in a digital
file compatible with “"Microsoft Word” (in DOC, DOCX, or RTF format).

All figures (including those in layouts/combinations) must be provided in
individual and separate files, according to recommendations described under
the specific topic.
Photographs, micrographs, and radiographs should be provided in TIFF
format, according to the recommendations described under the specific
topic.

Charts, drawings, layouts, and other vector illustrations must be provided in
a PDF format individually in separate files, according to the
recommendations described under the specific topic.

Video files may be submitted as per the specifications, including the author’s
anonymity (for purposes of evaluation) and respect for the patient’s rights.

Important: ScholarOne™ allows upload of a set of files up to 10 MB. In case
the video file exceeds this size, it is possible to leave information about the
link to access the video. The use of patients’ initials, names, and/or registry
numbers is prohibited in the reproduction of clinical documentation. The
identification of patients is prohibited. An informed consent statement,
signed by the patient, concerning the use of his/her image should be
provided by the author(s) when requested by BOR. The Copyright legislation
in force must be respected and the source cited when the manuscript
reproduces any previously published material (including texts, charts,
tables, figures, or any other materials).

Title page (compulsory data)

e This must indicate the specialty* or research field focused on in the
manuscript.

*Anatomy; Basic Implantodontology and Biomaterials; Behavioral Sciences;
Biochemistry; Cariology; Community Dental Health; Craniofacial Biology;
Dental Materials; Dentistry; Endodontic Therapy; Forensic Dentistry;
Geriatric Dentistry; Imaginology; Immunology; Implantodontology -
Prosthetics; Implantodontology — Surgical; Infection Control; Microbiology;
Mouth and Jaw Surgery; Occlusion; Oral Pathology; Orthodontics;
Orthopedics; Pediatric Dentistry; Periodontics; Pharmacology; Physiology;
Prosthesis; Pulp Biology; Social/Community Dentistry; Stomatology;
Temporomandibular Joint Dysfunction.

e Informative and concise title, limited to a maximum of 110
characters, including spaces.

¢ Names of all authors written out in full, including respective telephone
numbers and email addresses for correspondence. We recommend
that authors collate the names present in the Cover Letter with the
profile created in ScholarOne™, to avoid discrepancies.
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e The participation of each author must be justified on a separate page,
which should meet the authorship and co-authorship criteria adopted
by the International Committee of Medical Journal Editors, available
at http://www.icmje.org/recommendations/browse/roles-and-
responsibilities/defining-the-role-of-authors-and-contributors.html

o Data of institutional/professional affiliation of all authors, including
university (or other institution), college/program, department, city,
state, and country, presented according to internal citation norms
established by each author’s institution. Verify that such affiliations
are correctly entered in ScholarOne™.

Abstract: This should be presented as a single structured paragraph
(but with no subdivisions into sections) containing the objective of the work,
methodology, results, and conclusions. In the System if applicable, use the
Special characters tool for special characters.

Keywords: Ranging from 3 (three) to 5 (five) main descriptors should be
provided, chosen from the keywords registered
at http://decs.bvs.br/ or http://www.nlm.nih.gov/mesh/MBrowser.html (no
synonyms will be accepted).

Main Text

Introduction: This should present the relevance of the study, and its
connection with other published works in the same line of research or field,
identifying its limitations and possible biases. The objective of the study
should be concisely presented at the end of this section.

Methodology: All the features of the material pertinent to the research
subject should be provided (e.g., tissue samples or research subjects). The
experimental, analytical, and statistical methods should be described in a
concise manner, although in detail, sufficient to allow others to recreate the
work. Data from manufacturers or suppliers of products, equipment, or
software must be explicit when first mentioned in this section, as follows:
manufacturer’'s name, city, and country. The computer programs and
statistical methods must also be specified. Unless the objective of the work
is to compare products or specific systems, the trade names of techniques,
as well as products, or scientific and clinical equipment should only be cited
in the “"Methodology” and “Acknowledgments” sections, according to each
case. Generic names should be used in the remainder of the
manuscript, including the title. Manuscripts containing radiographs,
microradiographs, or SEM images, the following information must be
included: radiation source, filters, and kV levels used. Manuscripts reporting
studies on humans should include proof that the research was ethically
conducted according to the Helsinki Declaration (World Medical
Association, http://www.wma.net/en/30publications/10policies/b3/). The
approval protocol number issued by an Institutional Ethics Committee must
be cited. Observational studies should follow the STROBE guidelines
(http://strobe-statement.org/), and the check list must be submitted.
Clinical Trials must be reported according to the CONSORT Statement
standard protocol (http://www.consort-statement.org/); systematic reviews
and meta-analysis must follow the PRISMA (http://www.prisma-
statement.org/), or Cochrane protocol (http://www.cochrane.org/).

Clinical Trials
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Clinical Trials according to the CONSORT guidelines, available
at www.consort-statement.org. The clinical trial registration number and the
research registration name will be published along with the article.

Manuscripts reporting studies performed on animals must also include proof
that the research was conducted in an ethical manner, and the approval
protocol number issued by an Institutional Ethics Committee should be cited.
In case the research contains a gene registration, before submission, the
new gene sequences must be included in a public database, and the access
number should be provided to BOR. The authors may use the following
databases:

e GenBank: http://www.ncbi.nlm.nih.gov/Genbank/submit
e EMBL: http://www.ebi.ac.uk/embl/Submission/index.html
e DDBJ: http://www.ddbij.nig.ac.jp

Manuscript submissions including microarray data must include the
information recommended by the MIAME guidelines (Minimum Information
About a Microarray Experiment: http://www.mged.org/index.html) and/or
itemize how the experimental details were submitted to a publicly available
database, such as:

e ArrayExpress: http://www.ebi.ac.uk/arrayexpress/
e GEO: http://www.ncbi.nlm.nih.gov/geo/

Results: These should be presented in the same order as the experiment
was performed, as described under the “Methodology” section. The most
significant results should be described. Text, tables, and figures should not
be repetitive. Statistically relevant results should be presented with enclosed
corresponding p values.

Tables: These must be humbered and cited consecutively in the main text,
in Arabic numerals. Tables must be submitted separately from the text in
DOC, DOCX, or RTF format.

Discussion: This must discuss the study results in relation to the work
hypothesis and relevant literature. It should describe the similarities and
differences of the study in relation to similar studies found in literature, and
provide explanations for the possible differences found. It must also identify
the study’s limitations and make suggestions for future research.

Conclusions: These must be presented in a concise manner and be strictly
based on the results obtained in the research. Detailing of results, including
numerical values, etc., must not be repeated.

Acknowledgments: Contributions by colleagues (technical assistance,
critical comments, etc.) must be given, and any bond between authors and
companies must be revealed. This section must describe the research
funding source(s), including the corresponding process numbers.

Plagiarism
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BOR employs a plagiarism detection system. When you send your
manuscript to the journal it may be analyzed-not merely for the repetition
of names/affiliations, but rather the sentences or texts used.

References: Only publications from peer-reviewed journals will be accepted
as references. Unfinished manuscripts, dissertations, theses, or abstracts
presented in congresses will not be accepted as references. References to
books should be avoided.

Reference citations must be identified in the text with superscript Arabic
numerals. The complete reference list must be presented after the
“Acknowledgments” section, and the references must be numbered and
presented in Vancouver Style in compliance with the guidelines provided by
the International Committee of Medical Journal Editors, as presented in
Uniform Requirements for Manuscripts Submitted to Biomedical Journals
(http://www.ncbi.nlm.nih.gov/books/NBK7256/). The journal titles should
be abbreviated according to the List of Journals Indexed in Index Medicus
(http://www.ncbi.nlm.nih.gov/nImcatalog/journals). The authors shall bear
full responsibility for the accuracy of their references.

Spelling of scientific terms: When first mentioned in the main text,
scientific names (binomials of microbiological, zoological, and botanical
nomenclature) must be written out in full, as well as the names of chemical
compounds and elements.

Units of measurement: These must be presented according to the
International System of Units (http://www.bipm.org or
http://www.inmetro.gov.br/consumidor/unidLegaisMed.asp).

Footnotes on the main text: These must be indicated by asterisks and
restricted to the bare minimum.

Figures: Photographs, microradiographs, and radiographs must be at least
10 cm wide, have at least 500 dpi of resolution, and be provided in TIFF
format. Charts, drawings, layouts, and other vector illustrations must be
provided in a PDF format. All the figures must be submitted individually in
separate files (not inserted into the text file). Figures must be numbered and
consecutively cited in the main text in Arabic numerals. Figure legends
should be inserted together at the end of the text, after the references.

Characteristics and layouts of types of manuscripts

Original Research

Limited to 30,000 characters including spaces (considering
the introduction, methodology, results, discussion,
conclusion, acknowledgments, tables, references, and
figure legends). A maximum of 8 (eight) figures and 40
(forty) references will be accepted. The abstract can
contain a maximum of 250 words.

Layout - Text Files

T ese de Doutorade - Corlos 1 E RBueno

57



Guia para submissdo de m’ﬁgos

Title Page

Main text (30,000 characters including spaces)
Abstract: a maximum of 250 words
Keywords: 3 (three)-5 (five) main descriptors
Introduction

Methodology

Results

Discussion

Conclusion

Acknowledgments

Tables

References: maximum of 40 references
Figure legends

Layout - Graphic Files

e Figures: a maximum of 8 (eight) figures, as
described above.

Short Communication
Limited to 10,000 characters including spaces (considering
the introduction, methodology, results, discussion,
conclusion, acknowledgments, tables, references, and
figure legends). A maximum of 2 (two) figures and 12
(twelve) references will be allowed. The abstract can
contain a maximum of 100 words.

Layout - Text Files

Title page

Main text (10,000 characters including spaces)
Abstract: a maximum of 100 words
Descriptors: 3 (three)-5 (five) main descriptors
Introduction

Methodology

Results

Discussion

Conclusion

Acknowledgments

Tables

References: a maximum of 12 references
Figure legends

Layout- Graphic Files

e Figures: a maximum of 2 (two) figures, as
described above.

Critical Review of Literature
The submission of this type of manuscript will be
performed only by invitation of the BOR Publishing
Commission. All manuscripts will be submitted to peer-
review. This type of manuscript must have a descriptive
and discursive content, focusing on a comprehensive
presentation and discussion of important and innovative
scientific issues, with a limit of 30,000 characters including
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spaces (considering the introduction, methodology,
results, discussion, conclusion, acknowledgments, tables,
references, and figure legends). It must include a clear
presentation of the scientific object, logical
argumentation, a methodological and theoretical critical
analysis of the studies, and a summarized conclusion. A
maximum of 6 (six) figures and 50 (fifty) references is
permitted. The abstract must contain a maximum of 250
words.

Layout- Text Files

Title page

Main text (30,000 characters including spaces)
Abstract: a maximum of 250 words
Keywords: 3 (three)-5 (five) main descriptors
Introduction

Methodology

Results

Discussion

Conclusion

Acknowledgments

Tables

References: maximum of 50 references
Figure legends

Layout - Graphic Files

e Figures: a maximum of 6 (six) figures, as described
above.

Systematic Review and Meta-Analysis
While summarizing the results of original studies,
quantitative or qualitative, this type of manuscript should
answer a specific question, with a Ilimit of 30,000
characters, including spaces, and follow the Cochrane
format and style (www.cochrane.org). The manuscript
must report, in detail, the process of the search and
retrieval of the original works, the selection criteria of the
studies included in the review, and provide an abstract of
the results obtained in the reviewed studies (with or
without a meta-analysis approach). There is no limit to the
number of references or figures. Tables and figures, if
included, must present the features of the reviewed
studies, the compared interventions, and the
corresponding results, as well as those studies excluded
from the review. Other tables and figures relevant to the
review must be presented as previously described. The
abstract can contain a maximum of 250 words.

Layout - Text Files

Title page

Main text (30,000 characters including spaces)
Abstract: a maximum of 250 words

Question formulation
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Location of the studies

Critical Evaluation and Data Collection

Data analysis and presentation

Improvement

Review update

References: no limit on the number of references
Tables

Layout - Graphic Files
e Figures: no limit on the number of figures
Letter to the Editor

Letters must include evidence to support an opinion of the
author(s) about the scientific or editorial content of the
BOR, and must be limited to 500 words. No figures or
tables are permitted.

Copyright transfer agreement and responsibility statements

The manuscript submitted for publication must include the
Copyright Transfer Agreement and the Responsibility
Statements, available in the online system and
mandatory.

CHECKLIST FOR INITIAL SUBMISSION

e Title Page file (in DOC, DOCX, or RTF format).

e Main text file (Main Document, manuscript), in
DOC, DOCX, or RTF format.

e Tables, in DOC, DOCX, or RTF format.

e Declaration of interests and funding, submitted in
a separate document and in a PDF format. (if °
applicable)

e Justification for participation of each author,
provided in a separate document and in a PDF
format.

¢ Photographs, microradiographs, and radiographs
(10 cm minimum width, 500 dpi minimum

resolution) in TIFF format.
(http://www.ncbi.nlm.nih.gov/pmc/pub/filespec-
images/)

e Charts, drawings, layouts, and other vector
illustrations in a PDF format.

e FEach figure should be submitted individually in
separate files (not inserted in the text file).

Publication fees
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Authors are not required to pay for the submission or
review of articles.

EXAMPLES OF REFERENCES

Journals

Goracci C, Tavares AU, Fabianelli A, Monticelli F, Raffaelli O, Cardoso
PC, et al. The adhesion between fiber posts and root canal walls:
comparison between microtensile and push-out bond strength
measurements. Eur J Oral Sci. 2004 Aug;112(4):353-61.

Bhutta ZA, Darmstadt GL, Hasan BS, Haws RA. Community-based
interventions for improving perinatal and neonatal health outcomes
in developing countries: a review of the evidence. Pediatrics.
2005;115(2 Suppl):519-617. doi:10.1542/peds.2004-1441.

Usunoff KG, Itzev DE, Rolfs A, Schmitt O, Wree A. Nitric oxide
synthase-containing neurons in the amygdaloid nuclear complex of
the rat. Anat Embryol (Berl). 2006 Oct 27. Epub ahead of print. doi:
10.1007/s00429-006-0134-9

Walsh B, Steiner A, Pickering RM, Ward-Basu J. Economic evaluation
of nurse led intermediate care versus standard care for post-acute
medical patients: cost minimisation analysis of data from a
randomised controlled trial. BMJ. 2005 Mar 26;330(7493):699. Epub
2005 Mar 9.

Papers with Title and Text in Languages Other Than English
Li YJ, He X, Liu LN, Lan YY, Wang AM, Wang YL. [Studies on chemical
constituents in herb of Polygonum orientale]. Zhongguo Ahong Yao
Za Zhi. 2005 Mar;30(6):444-6. Chinese.

Supplements or Special Editions
Pucca Junior GA, Lucena EHG, Cawahisa PT. Financing national policy
on oral health in Brazil in the context of the Unified Health System.
Braz Oral Res. 2010 Aug;24 Spec Iss 1:26-32.

Online Journals
Barata RB, Ribeiro MCSA, De Sordi M. Desigualdades sociais e
homicidios na cidade de S&o Paulo, 1998. Rev Bras Epidemiol.
2008;11(1):3-13 [cited 2008 Feb 23]. Available
from: http://www.scielosp.org/pdf/rbepid/v11n1/01.pdf.

Books

Stedman TL. Stedman's medical dictionary: a vocabulary of medicine
and its allied sciences, with pronunciations and derivations. 20th ed.
Baltimore: Williams & Wilkins; 1961. 259 p.

Books Online
Foley KM, Gelband H, editors. Improving palliative care for cancer
[monograph on the Internet]. Washington: National Academy Press;
2001 [cited 2002 Jul 9]. Available
from: http://www.nap.edu/books/0309074029/html/.
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Websites

Cancer-Pain.org [homepage on the Internet]. New York: Association
of Cancer Online Resources, Inc.; c2000 [cited 2002 Jul 9]. Available
from: http://www.cancer-pain.org/.

Instituto Brasileiro de Geografia e Estatistica [homepage]. Brasilia
(DF): Instituto Brasileiro de Geografia e Estatistica; 2010 [cited 2010
Nov 27]. Available from: http://www.ibge.gov.br/home/default.php.

World Health Organization [homepage]. Geneva: World Health
Organization; 2011 [cited 2011 Jan 17]. Available
from: http://www.who.int/en/
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Guidelines for publishing papers in Clinical Oral Investigations

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under
consideration for publication anywhere else; that its publication has been approved by all co-authors, if any, as well
as by the responsible authorities — tacitly or explicitly — at the institute where the work has been carried out. The
publisher will not be held legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required
to obtain permission from the copyright owner(s) for both the print and online format and to include evidence that
such permission has been granted when submitting their papers. Any material received without such evidence will be
assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the
instructions given on the screen.
Please note that we require all relevant editable source files to be uploaded from the first revision onward. Failing to

submit these source files will cause unnecessary delays in the review and production process.

Further Useful Information

please follow the link below

Further Useful Information
The Springer Author Academy is a set of comprehensive online training pages mainly geared towards first-time
authors. At this point, more than 50 pages offer advice to authors on how to write and publish a journal article.

The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

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

Abstract

Please provide a structured abstract of 150 to 250 words which should be divided into the following sections:
e Objectives (stating the main purposes and research question)

e Materials and Methods
e Results

e  Conclusions

e (linical Relevance

These headings must appear in the abstract.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

Text Formatting

Manuscripts should be submitted in Word.

e  Use a normal, plain font (e.g., 10-point Times Roman) for text.

e  Use italics for emphasis.

Use the automatic page numbering function to number the pages.

e Do not use field functions.
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Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX.
LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the
reference list. They should not consist solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters
(or asterisks for significance values and other statistical data). Footnotes to the title or the authors of the article are
not given reference symbols.

Always use footnotes instead of endnotes.
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Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names of
funding organizations should be written in full.

Citation
Reference citations in the text should be identified by numbers in square brackets. Some examples:
1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].
3. This effect has been widely studied [1-3, 7].
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The list of references should only include works that are cited in the text and that have been published or accepted for
publication. Personal communications and unpublished works should only be mentioned in the text. Do not use
footnotes or endnotes as a substitute for a reference list.
The entries in the list should be numbered consecutively.
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e Book chapter
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Wiley, New York, pp 230-257

e  Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
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Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations,
see
e [SSN.org LTWA
If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and
reference list.
EndNote style (zip, 2 kB)
Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is included in Springer’s

LaTeX macro package.

e All tables are to be numbered using Arabic numerals.
e  Tables should always be cited in text in consecutive numerical order.
e  For each table, please supply a table caption (title) explaining the components of the table.

e Identify any previously published material by giving the original source in the form of a reference at the
end of the table caption.

e  Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance
values and other statistical data) and included beneath the table body.

Electronic Figure Submission

e  Supply all figures electronically.
e Indicate what graphics program was used to create the artwork.
e  For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files
are also acceptable.
e Vector graphics containing fonts must have the fonts embedded in the files.
e Name your figure files with "Fig" and the figure number, e.g., Figl.eps
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be
published online along with an article or a book chapter. This feature can add dimension to the author's article, as
certain information cannot be printed or is more convenient in electronic form.
Before submitting research datasets as electronic supplementary material, authors should read the journal’s Research

data policy. We encourage research data to be archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation
and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very long

download times and that some users may experience other problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3
Maximum file size: 25 GB
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Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.
Authors must disclose all relationships or interests that could have direct or potential influence or impart bias on the
work. Although an author may not feel there is any conflict, disclosure of relationships and interests provides a more
complete and transparent process, leading to an accurate and objective assessment of the work. Awareness of a real or
perceived conflicts of interest is a perspective to which the readers are entitled. This is not meant to imply that a
financial relationship with an organization that sponsored the research or compensation received for consultancy
work is inappropriate. Examples of potential conflicts of interests that are directly or indirectly related to the
research may include but are not limited to the following:

Research grants from funding agencies (please give the research funder and the grant number)

Honoraria for speaking at symposia
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Financial relationships, for example equity ownership or investment interest

Intellectual property rights (e.g. patents, copyrights and royalties from such rights)
Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial interests) that may be
important to readers should be disclosed. These may include but are not limited to personal relationships or
competing interests directly or indirectly tied to this research, or professional interests or personal beliefs that may
influence your research.
The corresponding author collects the conflict of interest disclosure forms from all authors. In author collaborations
where formal agreements for representation allow it, it is sufficient for the corresponding author to sign the disclosure
form on behalf of all authors. Examples of forms can be found

here:
The corresponding author will include a summary statement in the text of the manuscript in a separate section before
the reference list, that reflects what is recorded in the potential conflict of interest disclosure form(s).
Please make sure to submit all Conflict of Interest disclosure forms together with the manuscript.
See below examples of disclosures:
Funding: This study was funded by X (grant number X).
Conflict of Interest: Author A has received research grants from Company A. Author B has received a speaker
honorarium from Company X and owns stock in Company Y. Author C is a member of committee Z.
If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

1) Statement of human rights

When reporting studies that involve human participants, authors should include a statement that the studies have been
approved by the appropriate institutional and/or national research ethics committee and have been performed in
accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964 Helsinki Declaration or comparable
standards, the authors must explain the reasons for their approach, and demonstrate that the independent ethics
committee or institutional review board explicitly approved the doubtful aspects of the study.
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If a study was granted exemption from requiring ethics approval, this should also be detailed in the manuscript
(including the name of the ethics committee that granted the exemption and the reasons for the exemption).
Authors must - in all situations as described above - include the name of the ethics committee and the reference
number where appropriate.

The following statements should be included in the text before the References section:

Ethical approval: “All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee (include name of committee + reference
number) and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.”
Ethical approval retrospective studies

Although retrospective studies are conducted on already available data or biological material (for which formal
consent may not be needed or is difficult to obtain) ethical approval may be required dependent on the law and the
national ethical guidelines of a country. Authors should check with their institution to make sure they are complying
with the specific requirements of their country.

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on animals, authors should
indicate whether the international, national, and/or institutional guidelines for the care and use of animals have been
followed, and that the studies have been approved by a research ethics committee at the institution or practice at
which the studies were conducted (where such a committee exists). Please provide the name of ethics committee and
relevant permit number.

For studies with animals, the following statement should be included in the text before the References section:
Ethical approval: “All applicable international, national, and/or institutional guidelines for the care and use of
animals were followed.”

If applicable (where such a committee exists): “All procedures performed in studies involving animals were in
accordance with the ethical standards of the institution or practice at which the studies were conducted.(include name
of committee + permit number)”

If articles do not contain studies with human participants or animals by any of the authors, please select one of the
following statements:

“This article does not contain any studies with human participants performed by any of the authors.”

“This article does not contain any studies with animals performed by any of the authors.”

“This article does not contain any studies with human participants or animals performed by any of the authors.”

The journal encourages authors, where possible and applicable, to deposit data that support the findings of their
research in a public repository. Authors and editors who do not have a preferred repository should consult Springer
Nature’s list of repositories and research data policy.

List of Repositories
Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may also be used.
Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in the reference list. Data
citations should include the minimum information recommended by DataCite: authors, title, publisher (repository
name), identifier.

DataCite
Springer Nature provides a research data policy support service for authors and editors, which can be contacted
at researchdata@springernature.com.
This service provides advice on research data policy compliance and on finding research data repositories. It is
independent of journal, book and conference proceedings editorial offices and does not advise on specific
manuscripts.
Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web
page where you can sign the Copyright Transfer Statement online and indicate whether you wish to order
OpenChoice and offprints.
Once the Author Query Application has been completed, your article will be processed and you will receive the
proofs.
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Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication
and dissemination rights). This will ensure the widest possible protection and dissemination of information under

copyright laws.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the
text, tables and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not
allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to

the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication citable
with the DOI. After release of the printed version, the paper can also be cited by issue and page numbers.

Open Choice allows you to publish open access in more than 1850 Springer Nature journals, making your research
more visible and accessible immediately on publication.

Article processing charges (APCs) vary by journal — view the full list

Benefits:

Increased researcher engagement: Open Choice enables access by anyone with an internet connection,
immediately on publication.

Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times more often on

average, and cited 1.7 more times on average*.

Easy compliance with funder and institutional mandates: Many funders require open access publishing, and

some take compliance into account when assessing future grant applications.

It is easy to find funding to support open access — please see our funding and support pages for more information.
*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis, 2018.

Open Choice
Funding and Support pages

Copyright and license term - CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In
opting for open access, the author(s) agree to publish the article under the Creative Commons Attribution
License.
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FIGURAS METODOLOGIA ARTIGO 1: AVALIAI;AD DA RESISTENCIA A FADIGA
CiCLICA DOS INSTRUMENTOS RECIPROCANTES DE NI,QUEL'TITANIEI GENIUS E

EDGEFILE

Bloco metalico com canal simulado: 60° de curvatura Modelo do cronémetro digital utilizado na pesquisa;
e 5mm de raio de curvatura; Paquimetro digital utilizado para medicdo dos
Instrumento  Genius 30.04 em cinematica fragmentos apds fratura, exemplificado na figura
reciprocante. acima.

RECIPROCAT ING-GEHN
Ratio: 2:1 FWD*: o9
Rem: 358 REV*: 3¢

Motores utilizados na pesquisa: a esquerda, motor Genius (Ultradent), utilizado para instrumentos Genius;
A direita: motor E3 torque control (Dentsply), utilizado para os instrumentos Waveone Gold e EdgeFile.

Microscopio eletronico de varredura (MEV) de baixo vacuo (TableTop Microscope TM3030 Hitachi) utilizado para
analise do tipo de fratura (torcional ou ductil); Imagem capturada em 500x.
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FIGURAS METODOLOGIA ARTIGO 2: AVALIAI;AD DA CAPACIDADE DE LIMPEZA DE
UM INSERTO ULTRASSANICO DE NI,QLIEL'TITANIEI EM IRRIBAI;AEI ATIVADA POR

ULTRASSOM: UM ESTUDO EM MEV

o

10
nlimlonn

Decoronacdo de pré-molares inferiores para padronizacdo em 16mm; Lima manual K#10 para obter
comprimento real do dente (CRD) e comprimento real de trabalho (CRT= CRD-1mm); Selamento apical com
barreira gengival; Instrumentagdo até lima 50.04 com irrigacdo/aspira¢do convencional.

Ativacdo do irrigante em grupo PUI; clivagem da amostra com cone de guta percha para protecdo do canal;
marcacdao com caneta para retroprojetor; posicionamento no microscépio em discos de carbono.

Microscopio eletronico de varredura (MEV) environmental (Tabletop Microscope TM3030 Hitachi); analise da abertura
de tubulos dentinarios da amostra em terco apical, observada pela marca¢cdo com caneta, em aumento de 500x
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FIGURAS METODOLOGIA ARTIGO 3: AVALIAI;AEI DA BIOCOMPATIBILIDADE E
BIDMINERALIZAI;AD DO AGREGADO DE TRIAXIDO MINERAL FLOW.

A esquerda: Anestesia intramuscular (xilazina/ketamina 25mg/kg); a direita: tricotomia manual no dorso do
animal (drea a ser operada); Confeccdo dos tubos de polietileno em 1 cm a partir de sonda uretral N 4.

MTA Flow = MTA Angelus

Controle ProRoot MTA

Implante subcutaneo: Figura a esquerda: antissepsia da drea com iodo; incisdo com bisturi (aprox. 1 cm); insercao
dos tubos com cimento com o auxilio de um trocarte; sutura simples com fio Nylon 4-0; Figura a direita: esquema
das posicdes dos tubos (modificacdes das posicdes apds rodizio em alguns ratos).

Apds eutanasia (overdose anestésica):
remoc¢do dos tubos de acordo com periodo
experimental (7,15,30 e 60 dias); exposicdo do
tubo e remocdo com tecido adjacente, seguida
da imersdo em formol e processamento
laboratorial para analise histoldgica.
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