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RESUMO

Objetivo: Avaliar a alteracdo entre as medidas da obturacdo do canal radicular
(OCR) de dentes humanos extraidos e de imagens de Tomografia
Computadorizada de Feixe Conico (TCFC). Metodologia: Setenta e dois canais
radiculares foram preparados até instrumento K-File de n® 50, aquém 1 mm do
forame apical. A seguir, os dentes foram divididos aleatoriamente em 8 grupos:
Sealapex®, Sealapex® + cones de guta-percha, Sealer 26°, Sealer 26® + cones
de guta-percha, AH Plus™ , AH Plus™ + cones de guta-percha, Endofill®, e
Endofill® + cones de guta-percha. Apés o preparo e OCR, imagens de TCFC
foram adquiridas e os espécimes secionados nos planos axial, sagital ou
coronal usando brocas Endo Z em alta rotagcdo. As medidas da OCR das
secdes transversais dos espécimes foram obtidas por meio de um paquimetro
digital, e das imagens da TCFC utilizando o programa do fabricante do
tomaografo. A alteracdo entre a medida do espécime e das imagens da TCFC foi
determinada em diferentes planos e espessuras de corte. Analise de variancia
(ANOVA) e teste de Tukey foram utilizados para analise estatistica. O nivel de
significancia foi de a = 5%. Resultados: As medidas da OCR nas imagens da
TCFC mostraram-se alteradas em relacdo as dos espécimes, apresentando
aumento dimensional. As maiores alteracdes foram observadas nos grupos
obturados apenas com cimentos, com diferenca estatisticamente significante
(p<0,05). Conclusdo: A Tomografia Computadorizada de Feixe Conico
apresentou imagens com alteracbes na dimensdo da obturacdo do canal

radicular em relacéo a do espécime.

Resumo  Viii



ABSTRACT

Objective: To evaluate the change between the measurements of root canal
filling (RCF) of extracted human teeth and images of Cone Beam Computed
Tomography (CBCT). Methodology: Seventy-two root canals were prepared by
an instrument in the K-File #50, 1 mm below the foramen. Next, the teeth were
randomly divided into eight groups: Sealapex®, Sealapex® + gutta-percha,
Sealer 26®, Sealer 26® + gutta-percha, AH Plus™, AH Plus™ + gutta-percha,
Endofill®, and Endofill® + gutta-percha. After preparation and RCF, the CBCT
images were acquired and the specimens sectioned in axial, coronal or sagittal
planes, using Endo Z drills in high speed. Measurements of RCF of the cross
sections of specimens were obtained using a caliper and the CBCT images
using the software manufacturer's scanner. The change between the specimen
and the extent of the CBCT images was determined on different planes and
slice thicknesses. Analysis of variance (ANOVA) and Tukey test were used for
statistical analysis. The level of significance was a = 5%. Results:
Measurements of RCF on the images of CBCT proved to be altered when
compared to the specimens, with increased dimensional. The largest changes
were observed in groups filled only with cement, which was statistically
significant (p<0.05). Conclusion: Cone Beam Computed Tomography images

showed an increase in the dimension of the root canal filling.
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1 INTRODUGAO

O advento da tomografia computadorizada (TC) iniciou uma revolucao de
informacbes nos estudos da area da saude e tem contribuido para o
planejamento, diagnéstico, tratamento e prognéstico de diversas patologias™™*?.
A tomografia computadorizada de feixe cénico (TCFC) é uma tecnologia

3,25

desenvolvida recentemente com potencial para aplicacdo em diferentes

areas da pesquisa e clinica odontolégica®?**!,

Em endodontia, imagens sao rotineiramente utilizadas antes, durante e
apos o tratamento do canal radicular. Radiografias convencionais promovem
uma analise bidimensional de uma estrutura tridimensional, o que pode resultar
em erros de interpretagao.

LesOes periapicais de origem endoddntica podem estar presentes e nao

serem visiveis em radiografias convencionais>’”.

Estudos recentes tém
demonstrado maior acuracia da TCFC no diagndstico dessas lesdes®°. Novos
meétodos utilizando TCFC para investigar periodontite apical e reabsorcéo
radicular tém sido propostos’?, assim como novas ferramentas de imagem tém
sido utilizadas em diversas pesquisas na area endodéntica®.

Entretanto, as imagens da TCFC séo afetadas por materiais com numero

atdmico alto gerando artefatos, os quais originam imagens de baixa qualidade

gue conduzem a interpretacédo limitada da imagem tridimensional. Assim, existe
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uma preocupacdo com os artefatos, e a busca pela correcdo do endurecimento
do raio (beam hardening) tem sido o foco de diversos estudos**1131517-20.22.26-30

De acordo com Ketcham e Carlson® (2001), o endurecimento do raio é o
artefato mais frequentemente encontrado nas imagens de TC. O endurecimento
do raio leva ao aparecimento de estrias, faixas escuras e sombras na borda do
objeto, causado pela absorcdo preferencial de fétons de baixa energia
absorvidos por materiais de alto nimero atdmico (ex. metais). Katsumata et al.*’
(2006) relataram que estes artefatos também aparecem nas imagens da TCFC
muitas vezes devido a objetos sélidos, ndo anatéomicos, colocados no arco
dentario, como hidroxiapatita contendo resina e aluminio, e guias cirdargicos
para instalacdo de implantes osseointegrados.

O conhecimento de que artefatos de imagens podem ocorrer na TCFC
devido a densidade de diferentes materiais, e a escassez na literatura de
estudos relacionados evidenciam a necessidade de pesquisas que avaliem a
acuracia das imagens da OCR obtidas por TCFC. Alteracdes na dimensdo da
imagem da OCR podem induzir a erros de interpretacdo da condi¢cdo do
remanescente dentinario, levando a diagnosticos falsos de perfuracdes
radiculares e tratamentos ndo conservadores.

O objetivo do presente estudo foi avaliar a alteracao entre as medidas da
OCR de dentes humanos extraidos e de imagens de TCFC. A hipétese nula foi

de que néo havia diferenca entre a dimensdo da OCR do espécime e da

imagem da TCFC.
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2 OBJETIVO

O objetivo deste estudo foi avaliar a alteracdo entre as medidas da
obturacdo do canal radicular de dentes humanos extraidos e de imagens de

Tomografia Computadorizada de Feixe Conico.
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3 MATERIAL E METODO

Preparo dos dentes

Setenta e dois dentes anteriores humanos, extraidos por diferentes
razdes, foram obtidos no Servico de Urgéncia da Faculdade de Odontologia da
Universidade Federal de Goias, Goiania, Brasil. Este estudo foi aprovado pelo
Comité de Etica da Universidade Federal de Goias, Brasil (Protocolo n®
074/2009). Radiografias pré-operatérias de cada dente foram realizadas para
verificar a auséncia de calcificacdes, reabsor¢cfes internas ou externas, e a
presenca de rizogénese completa.

Os dentes foram removidos da solucdo de armazenamento de timol a
0,2% e imersos em hipoclorito de sédio a 5% (Fitofarma, Goiania, GO, Brazil)
por 30 minutos a fim de se remover tecido organico remanescente. As faces
dentarias (vestibular, palatina, mesial e distal) foram identificadas, e a seguir as
coroas secionadas, utilizando-se brocas Endo Z (Dentsply/Maillefer, Ballaigues,
Switzerland) em alta rotagéo, a fim de se padronizar um comprimento radicular
de 13 mm. Este comprimento foi determinado por um paquimetro digital
calibrado de 0,01 mm (Fowler/Sylvac Ultra-Cal Mark IV Electronic Caliper,
Crissier, Switzerland), medido a partir do apice radicular. Apds as radiografias
iniciais e remocao coronaria, o terco cervical do canal radicular de cada dente
foi preparado utilizando brocas de Gates-Glidden I1ISO n® 1 até 3

(Dentsply/Maillefer). A odontometria foi realizada pela visualizacdo da lima tipo
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K-file no forame apical seguido de recuo de 1 mm (método visual). Os tercos
apicais dos canais radiculares foram ampliados até lima K-File 1ISO n® 50
(Dentsply/Maillefer). Durante o preparo dos canais radiculares, 0os mesmos
foram irrigados com 3 ml de hipoclorito de sédio a 1% (Fitofarma) a cada troca
de instrumento. Os canais radiculares foram secos e preenchidos com EDTA a
17% (pH 7,2) (Biodindmica, Ibipora, PR, Brazil) por 3 minutos para remocao da
smear layer. A seguir, os canais foram novamente irrigados com 3 ml de
hipoclorito de sbédio a 1% e secos com cones de papel absorventes
(Dentsply/Maillefer).

Os dentes foram divididos aleatoriamente em 8 grupos experimentais
(cada um contendo 9 espécimes), de acordo com o material obturador: Grupo 1
- Sealapex® (Sybron Endo, Glendora, CA, USA); Grupo 2 - Sealapex® + cones
de guta-percha (Dentsply/Maillefer); Grupo 3 - Sealer 26® (Dentsply, Petrépolis,
RJ, Brazil); Grupo 4 - Sealer 26® + cones de guta-percha; Grupo 5 - AH Plus™
(Dentsply/Maillefer); Grupo 6 - AH Plus™ + cones de guta-percha; Grupo 7 —
Endofill® (Dentsply); Grupo 8 — Endofill® + cones de guta-percha.

ApOs o preparo do canal radicular, os dentes dos grupos 1, 3, 5 e 7 foram
obturados com os cimentos endodénticos correspondentes, utilizando espiral
Lentulo (Dentsply/Maillefer), preparados de acordo com as recomendacfes do
fabricante. Nos grupos 2, 4, 6 e 8, os dentes foram obturados com os cimentos
endodonticos correspondentes e cones de guta-percha, utilizando-se da técnica

convencional de condensacéo lateral ativa.
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Aquisicdo das imagens
Os espécimes foram posicionados no centro de uma plataforma
preenchida com agua para simular tecidos moles, baseado em modelos de

estudo prévios’?0*

, com as faces dentarias identificadas. As imagens da
TCFC foram adquiridas com um aparelho de primeira geracdo i-CAT Cone
Beam 3D Imaging System (Imaging Sciences International, Hatfield, PA, USA).
Os volumes foram reconstruidos com voxel isotropico de 0,2 mm. A voltagem

utilizada foi de 120 kVp, a corrente de 3,8 mA, e tempo de exposicdo de 40

segundos.

Secdo das raizes

ApoOs a obtencao das imagens da TCFC, trés espécimes de cada grupo
foram cuidadosamente secionados no plano axial (corte transversal), trés no
sagital (direcdo vestibulo-lingual) e trés no coronal (direcdo mésio-distal) com
brocas Endo Z (Dentsply/Maillefer) em alta rotacdo e sob abundante
refrigeracdo a agua. O corte axial foi obtido a 6,5 mm do 4pice radicular, e no
corte sagital e no coronal as raizes foram secionadas longitudinalmente, e o
centro dos canais radiculares localizado por desgaste (Figura 1). Ap6s o corte
dos espécimes, a superficie secionada foi regularizada em toda sua extensao
com discos diamantados (KG Sorensen, Cotia, S&o Paulo, Brasil), em baixa

rotacdo, removendo irregularidades da superficie.
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Vista Sagital Vista Axial Vista Coronal

Figura 1. Representacdo esquematica do corte das raizes, nos planos sagital,

axial e coronal.

Medicdo dos espécimes e das imagens da TCFC

As medidas da dimensédo da OCR dos espécimes foram realizadas por
dois especialistas em endodontia, calibrados e utilizando um paquimetro digital
de 0,01 mm (Fowler/Sylvac Ultra-Cal Mark IV Electronic Caliper, Crissier,
Switzerland). Quando néo havia consenso, um terceiro examinador, especialista
em endodontia, era requerido.

As OCRs nas imagens da TCFC foram mensuradas por dois
especialistas em Radiologia, previamente calibrados, utilizando a ferramenta de
medicdo do programa do fabricante do tomografo (Xoran 3.1.62; Xoran
Technologies, Ann Arbor, MI, USA), em um computador de mesa instalado o

Microsoft Windows XP Professional SP-2 (Microsoft Corp, Redmond, WA,
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USA), com processador Intel® Core™ 2 Duo-6300 1.86 Ghz (Intel Corporation,
USA), placa de video NVIDIA GeForce 6200 (NVIDIA Corporation, USA) e
monitor EIZO - Flexscan S2000, resolucéo de 1600x1200 pixels (EIZO NANAO
Corporation Hakusan, Japan). Todas as imagens foram reformatadas utilizando-
se espessuras de corte de 0,2 mm, 0,6 mm, 1,0 mm, 3,0 mm e 5,0 mm.

As medidas da OCR das imagens de TCFC foram realizadas nos
mesmos planos de corte dos espécimes (axial, sagital e coronal). Em todos os
cortes, tanto do espécime quanto da imagem da TCFC, as medidas da OCR
foram tomadas a 6,5 mm do apice radicular. Nas imagens axiais, a medida da
OCR foi realizada na direcdo vestibulo-lingual, nas imagens coronais, na
direcdo mésio-distal, e nas imagens sagitais, na direcao vestibulo-lingual.

A analise de variancia (ANOVA) e teste de Tukey foram aplicados para

analise estatistica. O nivel de significancia foi de a = 5%.
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4 RESULTADOS

As medidas da OCR nas imagens da TCFC mostraram-se alteradas em
relacdo as dos espécimes, apresentando aumento dimensional (Tabela 1).
Portanto, a hipétese inicial foi rejeitada. Os grupos obturados apenas com
cimentos endodbnticos mostraram as maiores alteracbes, em nivel
estatisticamente significante em relacdo aos obturados com cimentos
endodonticos e guta-percha (p = 0,0001). As maiores alteracfes dimensionais
ocorreram quando da utilizacdo do cimento Endofill® (69,94%) e AH Plus™
(69,69%), ndo havendo diferenca estatisticamente significante entre ambos. As
menores variacdes de dimenséo corresponderam ao Sealer 26° (36,22%), com
diferenca estatisticamente significante em relacéo aos outros cimentos (Tabela

2).

Quando a alteracdo da dimensdo da OCR foi avaliada em relacdo a
espessura de corte, independente do material obturador e do plano de
orientacao, foi observado aumento de 46,16% (corte de 5,0 mm) e de 50,53%
(corte de 0,2 mm), no entanto sem diferenca estatisticamente significante (p =
0,647). A anélise da dimensdo da OCR nos diferentes planos de orientacao
revelou aumento, variando entre 35,48% (sagital) e 59,28% (axial),
apresentando nivel estatisticamente significante entre os grupos (p = 0,0001).
As Figuras 2 e 3 ilustram as imagens de TCFC da OCR com os materiais

obturadores utilizados, diferentes espessuras de corte e planos de orientacao.
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Tabela 1. Aumento (%) na dimensdo da OCR na imagem da TCFC em comparagdo a do espécime, considerando

material obturador, espessura de corte e plano de orientacao (a=5%).

Esp el\élghig/agl ano AH Plus™ AI: EIGUETM Sealapex® Siagg;e:x@ Endofill® E+n (éocf;illf Sealer 26° SeJraIg(r;iG(@
0,2mm / Axial 81,80 59,79 50,00 49,70 63,60 47,40 33,30 29,73
0,2mm / Coronal 80,00 60,61 42,90 50,37 83,30 37,37 60,00 42,93
0,2mm / Sagital 40,00 33,33 60,00 41,41 60,00 40,10 27,30 29,06
0,6mm / Axial 81,80 59,79 50,00 49,70 63,60 47,40 33,30 29,73
0,6mm / Coronal 80,00 60,61 42,90 50,37 83,30 37,37 60,00 37,37
0,6mm / Sagital 40,00 33,33 60,00 29,80 60,00 40,10 27,30 29,06
1,0mm/ Axial 81,80 59,79 50,00 49,70 63,60 47,40 33,30 29,73
1,0mm/ Coronal 80,00 60,61 42,90 50,37 83,30 36,87 60,00 37,37
1,0mm/ Sagital 40,00 33,33 60,00 24,24 60,00 40,10 27,30 23,93
3,0mm/ Axial 100,00 59,79 50,00 49,70 81,80 47,40 33,30 35,28
3,0mm/ Coronal 80,00 55,05 28,60 42,96 83,30 31,31 40,00 31,82
3,0mm / Sagital 40,00 27,27 60,00 18,18 40,00 34,04 9,10 18,80
5,0mm/ Axial 100,00 59,79 66,70 43,64 100,00 47,40 50,00 51,66
5,0mm / Coronal 80,00 43,43 28,60 36,30 83,30 31,31 40,00 31,82
5,0mm/ Sagital 40,00 15,15 40,00 18,18 40,00 27,98 9,10 18,80
Valor de p 0,001* 0,014~ 0,001* 0,760 0,001* 0,879 0,001* 0,392

*interacao entre tipo e espessura de corte foram significantes pelo teste de Tukey.
CGP - Cones de guta-percha.
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Tabela 2. Aumento (%) na dimensdo da OCR na imagem da TCFC em relagdo a do espécime, entre os diferentes

materiais obturadores, espessuras de corte e planos de orientagao (a=5%).

FATOR GRUPOS
Material* | Endofill® AH Plus™ Sealapex® AHPlus™  Sealapex” Endofil®  Sealer 26®  Sealer 26°
+ CGP + CGP + CGP + CGP
69,94 69,69 48,845 48,125¢P 40,31BCPE 39,57¢PF 36,22°F 31,82F
Espessura** 0,2 mm 0,6 mm 1 mm 3 mm 5 mm
50,53* 49,89* 49,48" 46,70" 46,16"
Plano*** Axial Coronal Sagital
59,28" 50,89° 35,48¢

Letras diferentes na horizontal demonstram diferenca estatisticamente significante com p < 0,05.
*p = 0,0001 pelo teste de ANOVA e p = 0,0001 pelo teste de Tukey;
**p = 0,647 pelo teste de ANOVA e p = 0,272 pelo teste de Tukey;
***p = 0,0001 pelo teste de ANOVA e p = 0,0001 pelo teste de Tukey.

CGP - Cones de guta-percha.
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Sealapex Sealapex+ Gutta-Percha

7Y nm
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Sealer 26 Sealer 26 + Gutta-Percha D
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Figura 2. Imagens de TCFC das OCRs com Sealapex® (A), Sealapex® + cones de
guta-percha (B), Sealer 26° (C), e Sealer 26® + cones de guta-percha (D) em
diferentes espessuras de corte e planos de orientacéo.
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Grossman Sealer Grossman Sealer + Gutta-Percha

Saggital

0.2mm 0.6mm 1imm

Axial

0.2mm 0.6mm imm

Coronal

L

AH Plus

Figura 3. Imagens de TCFC das OCRs com Endofill® (A), Endofill® + cones de guta-
percha (B), AH Plus™ (C), e AH Plus™ + cones de guta-percha (D) em diferentes
espessuras de corte e planos de orientagao.
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5 DISCUSSAO

Durante muitos anos, a qualidade da obturacdo do canal radicular foi
avaliada na pratica clinica por imagens bidimensionais de estruturas
tridimensionais®®. A imagem radiografica do dente tratado endodonticamente
tem sido utilizada para avaliar a qualidade do selamento endodéntico e indicar a
presenca de periodontite apical. Entretanto, a avaliacdo radiografica como
padréo e método de estudo tem demonstrado vérias limitagdes’ %2,

Um novo padrédo na endodontia moderna foi criado com o advento da
Tomografia Computadorizada de Feixe C6nico®>10%1:2>272831 A TCEC promove
uma imagem tridimensional, na qual um novo plano é adicionado: a
profundidade. A aplicacdo clinica resulta numa maior acuracia de imagem,
conduzindo a diagndésticos precisos e planos de tratamentos apropriados. A
TCFC tem revelado lesbes periapicais, canais radiculares e perfuracbes
radiculares nao visiveis em radiografias convencionais®?’.

Recentes estudos utilizando TCFC tém sido realizados na Endodontia
para deteccdo de espacos na obturacdo do canal radicular®** e avaliacdo da
homogeneidade e comprimento da OCR*?. Diversas pesquisas evidenciam que
as ferramentas de medida da TCFC geram informacdes precisas sobre
distancias lineares em estruturas anatémicas volumétricas’?'%%**_ Loubele et

al.?? (2008) demonstraram a acuracia da TCFC nas medicées lineares de 0sso
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mandibular ex vivo, e Mischkowski et al.?*

(2008) demonstraram a mesma
acuracia nas distancias lineares e volumétricas, em cranios ex vivo.

O objetivo do presente estudo foi determinar alteragdes dimensionais da
OCR entre espécimes e imagens, utilizando as ferramentas de medicao da
TCFC. Os resultados demonstraram que as imagens da OCR na TCFC
apresentavam dimensGes maiores do que as do espécime. Nao foram
encontradas pesquisas, na literatura revisada, que avaliassem alteracdes
dimensionais de materiais obturadores em imagens de TCFC.

Os resultados do presente estudo podem ter sido afetados pela
densidade dos materiais obturadores utilizados, como ressaltado em outras

21432 Considerando a alta densidade dos materiais de OCR,

pesquisas
cimentos endodonticos e cones de guta-percha, artefatos podem ser produzidos
nas imagens de TCFC. Portanto, atencdo especial deve ser dada a avaliacdo
da obturacéo de dentes tratados endodonticamente. Mudancas na dimensao da
OCR podem favorecer falsa interpretacdo do remanescente dentinério, e
constituem risco em potencial de erro de diagndstico.

As implicagBes dos artefatos nos procedimentos diagnésticos parecem
ser 6bvias*®, e diferentes métodos para correcdes tém sido investigados**+*317-
202930 Azevedo et al.* (2008) estudaram o efeito da incidéncia da energia de
radiacdo sobre a quantidade e extensdo de artefatos de imagem em estruturas
anatbmicas adjacentes. O uso de mais energia no feixe durante o

escaneamento pareceu resultar em menor formacdo de artefato. Hunter e

McDavid™® (2009) mostraram que o uso de filtro de cobre pode suprimir os
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artefatos de imagem na TCFC. Em estudo com microtomografia, os efeitos dos
artefatos também foram minimizados pela filtracdo do feixe?>.

Pesquisas tém demonstrado que artefatos também podem ser
decorrentes da diferenca na densidade relativa entre os tecidos moles linguais e
vestibulares, e que, portanto, a diminuicdo da area escaneada poderia conduzir
a uma menor intensidade de artefatos®®'°. Estudos com imagens tomograficas
revelaram uma relacdo estreita entre densidade éssea e valores da escala de
cinza, e sugeriram a calibracdo simultdnea com o paciente para garantir uma
acurada imagem?™”.

Durante a analise das imagens do presente estudo, pode ser observada
falta de homogeneidade da OCR e de definicdo nas imagens da TCFC. No
entanto, Sogur et al.®? (2007) avaliaram o comprimento e a homogeneidade da
OCR (adaptacado as paredes laterais do canal radicular ou espacgos no interior
da massa obturadora), e demonstraram que a qualidade das imagens de
radiografia convencional, radiografia digital e TCFC foi semelhante. Resultados
estes discordantes dos de Huybrechts et al.** (2009), os quais revelaram que
espacos na OCR menores que 350 um eram detectados de forma mais acurada
na radiografia digital do que na radiografia convencional ou imagens de TCFC.

Os resultados do presente estudo demonstraram grandes alteracdes nas
dimensdes da OCR nas imagens da TCFC em relacdo as do espécime, 0 que
pode ter sido causado por artefatos oriundos da densidade do material
obturador. A utilizacdo de diversos recursos disponiveis na TCFC, como
variacbes de espessura de corte e de planos de orientacdo, pareceu nao

oferecer vantagem para avaliagcdo da OCR.
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Poucos estudos investigaram materiais endodénticos por meio de

imagens de TCFC*3?

, sendo portanto, necessarias mais pesquisas que
avaliem o efeito de varidveis como retentores intrarradiculares e materiais
retrobturadores na formacédo de artefatos. O desenvolvimento de novos
programas para reconstrucdo das imagens da TCFC seguramente reduzira a
formacdo de artefatos e, consequentemente, as alteracdes dimensionais.
Apesar do avanco tecnologico, a radiografia periapical ainda deve ser utilizada

como referéncia padréo, juntamente com a imagem tomografica, no diagnostico

endodontico.
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6 CONCLUSAO

Considerando a metodologia empregada e suas limitagdes, podemos
concluir que a Tomografia Computadorizada de Feixe Coénico apresentou

imagens com aumento na dimenséo da obturacdo do canal radicular.
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Effect of Root Canal Filling Materials on Dimensions of

Cone Beam Computed Tomography Images

Abstract

Objective. To evaluate the discrepancy of root canal fillings (RCF) measurements between
specimens cross-sections and Cone Beam Computed Tomography (CBCT) images.

Study design. Seventy-two human maxillary anterior teeth were prepared up to an ISO #50
K-File 1 mm short of the apical foramen. Thus, the teeth were randomly divided into 8
groups, according to the root canal filling material: Sealapex®, Sealapex® + gutta-percha
points, Sealer 26®, Sealer 26® + gutta-percha points, AH Plus™, AH Plus™ + gutta-percha
points, Grossman Sealer, and Grossman Sealer + gutta-percha points. After root canal
preparation and RCF, CBCT scans were acquired and the specimens were sectioned in
axial, sagittal, and coronal planes. The measurements of RCF were obtained in different
planes and thicknesses to determine the discrepancy between the specimen RCF
measurement (using a digital caliper) and CBCT measurements (using the scanner’s
proprietary software). One-way analysis of variance and Tukey tests were used for
statistical analyses. The significance level was set at a = 5%.

Results. Measurements of different endodontic filling materials image were 9% to 100%
greater on CBCT images than they were with corresponding calipter measurements in
original specimens. Greater RCF dimensions were found when only sealers were used,
with statistically significant difference between the groups.

Conclusions. RCF dimensions were greater on CBCT images than on the original

specimen measurements.

Key Words: Cone beam computed tomography. Diagnostic imaging. Artifact. Root canal

filling.
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Introduction

The advent of computed tomography (CT) has started a revolution of information in
health studies and has contributed to planning, diagnosis, treatment, and prognosis of
several diseases™. Cone beam computed tomography (CBCT) is a recently developed

2,25

technology”~> with potential for applications in different areas of research and clinical

dentistry>*%,

In endodontics, images are routinely used before, during, and after root canal
treatment. Conventional radiographic images provide a two-dimensional (2D) rendition of a
three-dimensional structure, which may result in interpretation errors.

Periapical lesions of endodontic origin may be present but not visible on
conventional 2D radiographs*®®. These lesions are visible on CBCT images, and new
methods using CBCT scans to investigate apical periodontitis and root resorption have
been developed®®, as new imaging tools are now used in several endodontic research
areas®?,

However, CBCT images are affected by high atomic number materials. Artifacts
can cause low image quality and poor image contrast leading to limited interpretation of
the 3D volumes. There is a concern with artifacts and the search for beam hardening
corrections have been the focus of several studieg®*%121416:19.21.26:28

According to Ketcham and Carlson®® (2001) beam hardening is the most frequently
artifact found in Computed Tomography (CT) scanning. Beam hardening causes the
edges of an object to appear as cupping, streaks, dark bands, or flare artifacts, and is
caused by preferential absorption of low-energy photons by absorbing materials with
higher atomic numbers (e.g. metals). Katsumata, et al.'® (2006) related that the CBCT
image defects often appeared in images of solid nonanatomical objects placed on the
dental arch, such as diagnostic stents (guide splint) for the accurate positioning of dental
implants and rectangular radiopaque reference markers for the assessment of periodontal
disease. This was more frequent when radiopaque materials, such as hydroxyapatite
containing resin and aluminum, were used.

However, it is essential to understand that image artifacts are likely to occur
because of the density of several materials used in root canal treatment. Alterations from
true dimension of RCF may offer false interpretation on real dentin remnants.

Thus, evaluating the dimension of endodontic materials on CBCT images may aware
the clinicians for the potential risks of misdiagnosis. This study evaluated the discrepancy of

RCF measurements between specimens cross-sections and CBCT images.
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Material and Methods
Teeth preparation

Seventy-two human maxillary anterior teeth, extracted for different reasons, were
obtained from the Dental Urgency Service of the Federal University of Goias - School of
Dentistry, Goiania - Brazil. This study was approved by the Ethics Committee of the
Federal University of Goias, Brazil. Preoperative radiographs of each tooth were taken to
verify the absence of calcified root canal, internal or external resorption, and the presence
of a fully formed apex.

The teeth were removed from storage in 0.2% thymol solution and immersed in 5%
sodium hypochlorite (Fitofarma, Goiania, GO, Brazil) for 30 min to remove external organic
tissues. The crowns were removed to set the remaining tooth length to a standardized 13
mm from the root apex. After initial radiographs, standard access cavities were prepared,
and the cervical third of each root canal was enlarged using ISO # 50 up to # 90 Gates-
Glidden drills (Dentsply/Maillefer, Ballaigues, Switzerland). Teeth were prepared up to an
ISO # 50 K-File (Dentsply/Maillefer) 1 mm short of the apical foramen. During
instrumentation, the root canals were irrigated with 3 ml of 1% NaOCI (Fitofarma) at each
change of files. Root canals were dried and filled with 17% EDTA (pH 7.2) (Biodinamica,
Ibipord, PR, Brazil) for 3 min to remove the smear layer. After that, the root canals were
irrigated again with 3 ml of 1% NaOCI, and dried with paper points (Dentsply/Maillefer).

The teeth were randomly divided into 8 experimental groups (each one with 9
specimens), according to different sealers: Group 1 - Sealapex® (Sybron Endo, Glendora,
CA, USA); Group 2 - Sealapex® + gutta-percha points (Dentsply/Maillefer); Group 3 -
Sealer 26® (Dentsply, Petrépolis, RJ, Brazil); Group 4 - Sealer 26° + gutta-percha points;
Group 5 - AH Plus™ (Dentsply/Maillefer); Group 6 - AH Plus™ + gutta-percha points;
Group 7 — Grossman Sealer (Endofill, Dentsply); Group 8 — Grossman Sealer + gutta-
percha points.

After root canal preparation, teeth groups 1, 3, 5, and 7 were filled with the
corresponding sealers using a Lentulo drill, prepared according to the manufacturer’s
directions. In groups 2, 4, 6, and 8, teeth were filled with the corresponding sealer and

gutta-percha points using the conventional lateral condensation technique.

Image Acquiring
Teeth were positioned in the center of a bucket filled with water to simulate soft

tissue and supported by a plastic platform, based on the model used in previous
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studies'®?®*?®, CBCT images were acquired with the first generation i-CAT Cone Beam 3D
imaging system (Imaging Sciences International, Hatfield, PA, USA). The volumes were
reconstructed with 0.2 mm isometric voxel. The tube voltage was 120 kVp and the tube
current 3.8 mA. Exposure time was 40 seconds.

Sectioning Root

After obtaining the CBCT scans, all teeth were carefully sectioned in axial, sagittal
or coronal planes using a high-speed Endo Z bur (Dentsply/Maillefer) under water spray
cooling. The axial cuts were obtained at 6.5 mm from the root apex; and for sagittal and
coronal planes, the roots were sectioned longitudinally, in center of the root canal (Figure
1).

Measurement of specimens and CBCT slices

All measurements of the sectioned roots were made by two endodontic specialists
using a digital caliper accurate to 0.01 mm (Fowler/Sylvac Ultra-cal Mark IV Electronic
Caliper, Crissier, Switzerland). The calibrated examiners measured all the specimens and
CBCT images, and assessed RCF dimensions in the directions described below. When a
consensus was not reached a third observer made the final decision.

All the measurements on the CBCT images were acquired by two dental radiology
specialists with the scanner's proprietary software (Xoran version 3.1.62; Xoran
Technologies, Ann Arbor, MI, USA) in a PC workstation running Microsoft Windows XP
professional SP-2 (Microsoft Corp, Redmond, WA, USA), with processor Intel® Core™ 2
Duo-6300 1.86 Ghz (Intel Corporation, USA), NVIDIA GeForce 6200 turbo cache
videocard (NVIDIA Corporation, USA) and Monitor EIZO - Flexscan S2000, resolution
1600x1200 pixels (EIZO NANAO Corporation Hakusan, Japan). All CBCT scans were
reformatted using 0.2 mm, 0.6 mm, 1.0 mm, 3.0 mm and 5.0 mm slice thickness.

To determine the discrepancy between the specimen RCF measurements and the
CBCT image measurements, the same sites were measured on the CBCT images utilizing
the same orientation (axial, sagittal and coronal). In all planes, measurements were made
at 6.5 mm from the root apex. On axial images, the RCF measurement was made in the
buccal/palatal direction; on sagittal images, in the mesial/distal direction; and on coronal
images, in the buccal/palatal direction.

One-way analysis of variance (ANOVA) and Tukey tests were used for statistical

analyses. The significance level was set at a = 5%.
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Results

Results are shown in Tables 1 and 2. The variation of RCF dimensions on CBCT
images ranged from 9% to 100%. The lower RCF dimensions (percentage values)
corresponded to Sealer 26 and Sealer 26 plus gutta-percha points. Groups that were filled
with sealers alone showed the greatest dimensional values in CBCT images when
compared with groups filled together with gutta-percha, with statistically significant
difference between the groups. When slice thicknesses varying from 0.2 mm to 5.0 mm
were measured, an increase of 46.16% to 50.53% in RCF dimensions was noted, with
difference not statistically significant. Different visualization planes analysis revealed an
increase in RCF dimensions ranging from 35.48% (sagittal slice) to 59.28% (axial slice)
(with statistically significant difference). The figures 2-3 illustrate the sagittal, axial and

coronal views of the RCF using CBCT.

Discussion

A new standard of contemporary endodontics has been created with the advent of
CBCT?*920222529  Eor several years, RCF quality was evaluated in clinical practice
according to a two-dimensional image of three-dimensional structures*®. The radiographic
appearance of the filled root canal space is used to evaluate its sealing quality and to
indicate the presence of apical periodontitis. However, the limitations of a radiographic
assessment as a reference and study method have been demonstrated in several studies®
9,20.

There is a possibility of interference from artifact caused by different densities from
endodontic materials, which can cause errors of interpretation. Our main purpose was to
determine the discrepancy of RCF measurements between specimens cross-sections and
CBCT images, and our findings showed that CBCT images of RCF with sealers and
sealers plus gutta-percha have greater dimensional values than the original
measurements (Table 1 and 2). These results bring important implications for the clinical
evaluation of RCF and anatomic dental structures. Special attention should be paid
depending on the density of the endodontic material and slice thickness/ orientation which
can lead to misdiagnosis.

CBCT measurement tools provide satisfactory information about linear distances
within an anatomic volume®®!>#243° | gubele, et al.** (2008) compared the accuracy of
CBCT and multislice CT for linear jaw bone measurements, and found that both methods

were accurate when used to evaluate an ex vivo specimen. Mischkowski, et al.?* (2008)
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determined the geometric accuracy of CBCT scans in comparison with a multidetector
computed tomography (MDCT) scanner. Their results showed that the CBCT devices
provide satisfactory information about linear distances and volumes. MDCT scans proved
slightly more accurate in both measurement categories, but this difference may be
irrelevant for most clinical applications.

Recent studies using CBCT images detected voids in root filling"** and incomplete
removal of filling material during endodontic retreatment. Sogur, et al.** (2007) showed
that image quality of storage phosphor images was subjectively as good as conventional
film images and superior to limited-volume CBCT images for the evaluation of both
homogeneity and length of root fillings in single-rooted teeth. Huybrechts, et al.*® (2009)
analyzed voids in root fillings using intraoral analogue, intraoral digital and CBCT images.
Voids larger than 30 um were detected by all imaging technigues. For small void detection,
all digital intraoral techniques performed better than intraoral analogue and CBCT images.

The difference in density of RCF materials may have affected the results of several

studies®***

, and was also found in our specimens. The endodontic sealers and gutta-
percha used in our study have different physical and chemical properties because of
different radiopaque substances (bismuth oxide, barium sulfate, zinc oxide).

CBCT reconstructions may show higher RCF dimensional values, as well as lack of
image homogeneity and definition. Katsumata, et al.'’” (2007) conducted an in vitro study
about the effect of projection data discontinuity—related artifacts in limited-volume CBCT
imaging of jaws. The effects of artifacts were scored as the difference in relative density
between the lingual and buccal soft tissue. The intensity of artifacts increased when more
objects were outside the area being imaged. Fewer artifacts were noted in images
produced by the particular flat CBCT panel detector used in this investigation. Katsumata,
et al."® (2009) analyzed the relationship between density values and CBCT volume size
using an Alphard CBCT system capable of providing different-size imaging volumes. The
authors found that the data discontinuity-related effect was different in limited-volume
CBCT scanning.

Considering that the higher density of RCF materials may produce image artifacts,
special attention should be paid to the RCF evaluation of endodontically treated teeth. Any
change from true dimension of RCT may favor false interpretation on real dentin remnants,
and constitute potential risks of misdiagnosis. The implication of density artifacts on
diagnostic procedures seems to be obvious?®®, and different correction methods have been

investigated®%1216192728 - Azevedo, et al.® (2008) studied the effect of incident radiation
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energy on the amount and extent of image artifacts over adjacent anatomical structures.
The use of a harder energy beam during scanning appears to result in less extensive
artifact formation.

A strong correlation between gray scale values on CBCT images and bone

densities has been found by Haristoy, et al.*

(2008). This has implications for potential
guantitative radiological approaches to determine bone density from CBCT images.
However, given the variation of gray scale values despite normalization, it may be
necessary to use calibration phantoms scanned simultaneously with the patient to ensure
an accurate determination of bone density®®. Hunter and McDavid*? (2009) showed that
additional copper filtration suppresses beam hardening artifacts. In micro-computed
tomography scanning based on bone mineral density measurements, the effects of beam
hardening-induced cupping artifacts may be also minimized by beam filtration®.

CBCT provides a three-dimensional image, in which a new plane has been added:
depth. Its clinical application results in greater accuracy and may be used in nearly all
areas of dentistry: surgery, implants, dentistry, orthodontics, endodontics, periodontics,
temporomandibular dysfunction, image diagnosis, and so on.

Few studies investigated the dimensional alterations of endodontic materials
observed on CBCT images, and further studies should include other variables, such as the
effect of artifacts on intracanal post alloys. The evolution of the new softwares, certainly
can reduce metallic artifact and dimensional alterations in future reconstructions of CBCT
images. Periapical radiographs should be used as a reference standard, together with
CBCT image interpretation, when making endodontic diagnoses. This study results
showed that RCF dimensions were greater on CBCT images than on the original

specimen measurements.
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Table 1. Percentage (%) of RCF dimension increase from original specimens to CBCT images according to slice thickness and

planes for each endodontic material (a=5%).

esenasl | arptus | MRS seanper | Seaipon | Gigssman | S | searzo | Seder 26
0.2mm/ Axial 81.8 59.79 50.0 49.70 63.6 47.40 33.3 29.73
0.2mm/ Coronal 80.0 60.61 42.9 50.37 83.3 37.37 60.0 42.93
0.2mm/ Saggital 40.0 33.33 60.0 41.41 60.0 40.10 27.3 29.06
0.6mm/ Axial 81.8 59.79 50.0 49.70 63.6 47.40 33.3 29.73
0.6mm/ Coronal 80.0 60.61 42.9 50.37 83.3 37.37 60.0 37.37
0.6mm/ Saggital 40.0 33.33 60.0 29.80 60.0 40.10 27.3 29.06
Imm/ Axial 81.8 59.79 50.0 49.70 63.6 47.40 33.3 29.73
1mm/ Coronal 80.0 60.61 42.9 50.37 83.3 36.87 60.0 37.37
1lmm/ Saggital 40.0 33.33 60.0 24.24 60.0 40.10 27.3 23.93
3mm/ Axial 100.0 59.79 50.0 49.70 81.8 47.40 33.3 35.28
3mm / Coronal 80.0 55.05 28.6 42.96 83.3 31.31 40.0 31.82
3mm / Saggital 40.0 27.27 60.0 18.18 40.0 34.04 9.1 18.80
5mm/ Axial 100.0 59.79 66.7 43.64 100.0 47.40 50.0 51.66
5mm / Coronal 80.0 43.43 28.6 36.30 83.3 31.31 40.0 31.82
5mm / Saggital 40.0 15.15 40.0 18.18 40.0 27.98 9.1 18.80
p value 0.001* 0.014* 0.001* 0.760 0.001* 0.879 0.001* 0.392

*interaction between type of cut and slice thickness significantly by Tukey test. GPP - Gutta-percha points.
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Table 2. Percentage (%) of RCF dimension increase from original specimens to CBCT images for each group according to

sealers, slice thickness and planes, and statistical analysis (a=5%).

FACTOR GROUPS
Materials* | Grossman AH Plus Sealapex AH Plus+ GPP  Sealapex + GPP Grossman Sealer Sealer 26 + GPP

Sealer Sealer + GPP 26

69.94% 69.69"  48.84°%¢ 48.12°5P 40.315°PE 39.57°PF 36.22°¢ 31.82F

Thickness** 0.2mm 0.6mm 1mm 3mm 5mm
50.53* 49.89" 49.48" 46.70" 46.16"
Planes*** Axial Coronal Sagital
59.28" 50.89° 35.48°

Different letters in horizontal demonstrate statistically significant difference with p <0.05.
*p=0.0001 by ANOVA test and p=0.0001 by Tukey test;

**p=0.647 by ANOVA test and p=0.272 by Tukey test;

***p=0.0001 by ANOVA test and p=0.0001 by Tukey test.

GPP - Gutta-percha points.
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Saggital View Coronal View

Figure 1. Schematic representation of sectioning root method, showing the saggital,

axial, and coronal views.
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Figure 2. CBCT images of root canal filling with Sealapex (A), Sealapex + gutta-percha

(B), Sealer 26 (C), and Sealer 26 + gutta-percha (D) in different slice thickness and

planes (saggital, axial and coronal).
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Grossman Sealer
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Figure 3. CBCT images of root canal filling with Grossman Sealer (A), Grossman Sealer
26 + gutta-percha (B), AH Plus (C), and AH Plus + gutta-percha (D) in different slice

thickness and planes (saggital, axial and coronal).
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1 Scope

The Journal of Applied Oral Science is committed in publishing the scientific and technologic
advances achieved by the dental community, according to the quality indicators and peer
reviewed material, with the objective of assuring its acceptability at the local, regional, national
and international levels. The primary goal of The Journal of Applied Oral Science is to publish
the outcomes of original investigations as well as invited case reports and invited reviews in the
field of Dentistry and related areas.

2 General Guidelines

2.1 The papers sent for publication must be original and the simultaneous submission to other
journal, either national or international, is not allowed. The Journal of Applied Oral Science shall
retain the copyright of all papers published, including translations, yet allowing future
reproduction as a transcription, provided the source is properly mentioned.

2.2 Only papers written in the English language shall be accepted, and the authors are fully
responsible for the texts, citations and references.

2.3 The Journal of Applied Oral Science has the right to submit all manuscripts to the Editorial
Board, which is fully authorized to settle the convenience of their acceptance, or return them to
the authors with suggestions for modifications in the text and/or for adaptation to the editorial
rules of the Journal. In this case, the manuscript will be re-evaluated by the Editor-in-Chief and
Editorial Board.

2.4 The concepts stated on the papers published are full responsibility of the authors and do not
necessarily reflect the opinion of the Editor-in-Chief and Editorial Board.

2.5 The dates of receipt of the original paper and its acceptance will be indicated in the occasion
it is published.

2.6 Each author will receive one copy of the Journal. Additional reprints may be supplied upon
request and must be paid by the authors.

2.7 Depending on the financial resources of the Journal of Applied Oral Science or the authors,
color illustrations will be published at the discretion of the Editor-in-Chief.

3 Revision Criteria

3.1 Manuscripts will be firstly evaluated regarding presentation according to the instructions for
authors. Manuscripts not in accordance with instructions will be rejected and returned to authors
without being reviewed by referees.

3.2 Manuscripts in accordance with the instructions will be appreciated in their scientific merit
and methods by at least two referees from different institutions of that of the authors, besides the
Editor-in-Chief. When revision of the original is required, the manuscript will be returned to the
corresponding author for modification. A revised version with modifications will be re-submitted
by the authors, and that will be re-evaluated by the Editor-in-Chief and Editorial Board.

3.3 The Editor-in-Chief will decide upon the acceptance of the manuscript, and may return it to
the authors for revision and necessary modifications in the text and/or illustrations. In this case,
the authors will be required to re-submit a revised version with the modifications or proper
explanations. The revised version will be reviewed by the Editor-in-Chief and Editorial Board.

3.4 Upon approval of the scientific merit, manuscripts will be analyzed regarding the use of
proper English grammar (technical review) and statistics. If manuscripts are still considered
inadequate, they will be returned to authors for revision.

3.5 Authors and referees will be kept anonymous during the review process.
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3.6 Contents of the manuscript are the authors’ responsibility and do not reflect the opinion of
the Editor-in-Chief or Editorial Board.

4 Galley Proof

4.1 Galley proofs will be sent to the corresponding author by electronic mail in pdf format for final
approval.

4.2 Approval of galley proofs by the corresponding author should be returned with corrections, if
necessary, within 72 hours.

4.3 If not returned within 72 hours, the Editor-in-Chief will consider the present version the final,
and will not allow further modifications. Corrections in the galley proofs should be restricted to
minor mistakes that do not modify the content of the manuscript. Major corrections will imply that
the manuscript should enter the review process again.

4.4 Inclusion of new authors is not allowed at this phase of the publication process.

FORM AND PREPARATION OF MANUSCRIPTS
1 Presentation of the Manuscript

1.1 Structure of the manuscript

- Cover page (must be submitted as a supplementary file through the online submission system )
which should contain only:

- Title of the manuscript in English.

- Names of the authors in direct order with their respective degrees and affiliations in English.
Correspondence between International and Brazilian degrees may be obtained at our web page:
www.fob.usp.br/jaos.

- Full address of the corresponding author, to whom all correspondence should be addressed,
including fax and phone number as well as e-mail address.

1.2 Text

- Title of the manuscript and subtitle, if necessary, in English.

- Abstract: should comprise at most 300 words, highlighting a little introduction, objective,
material and methods, results and conclusions.

- Key words: (words or expressions that identify the contents of the manuscript). The authors are
referred to the list of subjects of the "Index Medicus" and DeCS (Health Sciences Descriptors
available at http://decs.bvs.br/). Authors must use "periods" to separate the key words, which
must have the first letter of the first word in capital letters. Ex: Dental implants. Fixed prosthesis.
Photoelasticity. Passive fit.

- Introduction: summary of the rationale and proposal of the study including only proper
references. It should clearly state the hypothesis of the study.

- Material and Methods: the material and the methods are presented with enough detail to allow
confirmation of the findings. Include city, state and country of all manufacturers right after the
first appearance of the products, reagents or equipments. Published methods should be referred
to and briefly discussed, except if modifications were made. Indicate the statistical methods
employed, if applicable. Please refer to item 3 for ethical principals and registration of clinical
trials.

- Results: presents the outcomes in a logical sequence in the text, tables and illustrations. Data
contained in tables and illustrations should not be repeated in the text, and only important
findings should be highlighted.
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- Discussion: this should emphasize the new and important aspects of the study and the
resulting conclusions. Any data or information mentioned in the introduction or results should not
be repeated. Findings of other important studies should be reported. The authors should point
out the implications of their findings as well as their limitations.

- Conclusion(s) (if any)

- Acknowledgments (when appropriate). Acknowledge those who have contributed to the work.
Specify sponsors, grants, scholarships and fellowships with respective names and identification
numbers.

- References (please refer to item 2.3)

2 TECHNICAL NORMALIZATION

The manuscript should be typed as follows: 1.5 spacing in 11 pt Arial font, with 3-cm margins at
each side, on an A4 page, adding up to at most 15 pages, including the illustrations (graphs,
photographs, tables, etc). The authors should keep a copy of the manuscript for possible
requests.

2.1 lllustrations and Tables

2.1.1 The illustrations (photographs, graphs, drawings, charts, etc.), regarded as figures, should
be limited to the least amount possible and should be uploaded in separate files, consecutively
numbered with Arabic numbers according to the order they appear in the text.

2.1.2 Photographs should be sent in original colors and digitized in .jpg, tif or gif formats with
10cm width and at least 300dpi. These illustrations should be provided in supplementary files
and not inserted in the Word document.

2.1.3 The corresponding legends for figures should be clear, concise and typed at the end of the
manuscript as a separate list preceded by the corresponding number.

2.1.4 The tables should be logically arranged, consecutively humbered with Arabic numbers.
The legend shall be placed on the top of the tables. Tables should be open in the right and left
laterals.

2.1.5 Footnotes should be indicated by asterisks and restricted to the least amount possible.

2.2 Citation of the Authors

Citation of the authors in the text may be performed in two manners:

1) Just numeric: ... and interfere with the bacterial system and tissue system
must be cited in a numeric ascending order within the paragraph.

2) or alphanumeric

- one author - Silva® (1986)

- two authors - Silva and Carvalho® (1987)

- three authors - Ferreira, Silva and Martins®’ (1987)

- more than three authors- Silva, et al.”® (1988)

Punctuation characters such as "periods" and "commas" must be placed after the numeric
citation of the authors. Ex: Ferreira®.

34710 peferences

2.3 References

The references must follow the Uniform requirements for manuscripts submitted to Biomedical
Journals — Vancouver available at: http://www.nlm.nih.gov/bsd/uniform requirements.html.

2.3.1 All references must be cited in the text. They should be alphabetically ordered by the last
name of the author and numbered in increasing order accordingly. The order of citation in the
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text should follow these numbers. Abbreviations of the titles of the international journals cited
should follow the Index Medicus/MEDLINE.

2.3.2 Personal communications and unpublished data with no publication date must not be
included in the reference list.

2.3.3 Abstracts, monographs, dissertations and theses will not be accepted as references.

2.3.4 The names of all authors should be cited up to 6 authors; in case there are more authors,
the 6 first authors should be cited, followed by the expression ", et al.", which must be followed
by "period" and should not be written in italics. Ex: Uhl, et al.

2.3.5 At most 30 references may be cited, except for invited reviews by the Editor-in-Chief.

Examples of references:

Book

Melberg JR, Ripa LW, Leske GS. Fluoride in preventive dentistry: theory and clinical
applications. Chicago: Quintessence; 1983.

Book chapter

Verbeeck RMH. Minerals in human enamel and dentin. In: Driessens FCM, Woltgens JHM,
editors. Tooth development and caries. Boca Raton : CRC Press; 1986. p.95-152.

Papers published in journals

Wenzel A, Fejerskov O. Validity of diagnosis of questionable caries lesions in occlusal surfaces
of extracted third molars. Caries Res. 1992;26:188-93.

Papers with more than 6 authors

The first 6 authors are cited, followed by the expression ", et al.”

Parkin DM, Clayton D, Black RJ, Masuyer E, Friedl HP, Ivanov E, et al. Childhood - leukemia in
Europe after Chernobyl : 5 years follow-up. Br J Cancer. 1996;73:1006-12.

Papers without authors’ names

Seeing nature through the lens of gender. Science. 1993;260:428-9.

Volume with supplement and/or Special Issue

Davisdson CL. Advances in glass-ionomer cements. J Appl Oral Sci. 2006;14(sp. Issue):3-9.
Entire issue

Dental Update. Guildford 1991;18(1).

The authors are fully responsible for the correctness of the references.

3 ETHICAL PRINCIPLES AND REGISTRATION OF CLINICAL TRIALS

3.1 Experimental procedures in humans and animals

The Journal of Applied Oral Science reassures the principles incorporated in the Helsinky
Declaration and insists that all research involving human beings, in the event of publication in
this journal, be conducted in conformity with such principles and others specified in the
respective ethics committees of authors’ institution. In the case of experiments with animals,
such ethical principles must also be followed. When surgical procedures in animals were used,
the authors should present, in the Material and Methods section, evidence that the dose of a
proper substance was adequate to produce anesthesia during the entire surgical procedure. All
experiments conducted in human or animals must accompany a description, in the Material and
Methods section, that the study was approved by the respective Ethics Committee of authors’
affiliation and provide the number of the protocol approval. The Editor-in-Chief and the Editorial
Board reserve the right to refuse manuscripts that show no clear evidence that the methods
used were not appropriate for experiments in humans or animals.
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3.2 Clinical Trial Registration - International Standard Randomized Controlled Trial
Number (ISRCTN)

The Journal of Applied Oral Science supports the policies of the World Health Organization
(WHO) and the International Committee of Medical Journal Editors (ICMJE) for the registration
of clinical trials. The journal recognizes the importance of such initiatives for the registration and
international publication of clinical studies with an open access. Therefore, the Journal of
Applied Oral Science will publish only those clinical trials that have previously received an
identification number, the ISRCTN, validated by the criteria established by the WHO and ICMJE.
The WHO defines clinical trials as "any research study that prospectively assigns human
participants or groups of humans to one or more health-related interventions to evaluate the
effects on health outcomes. Interventions include but are not restricted to drugs, cells and other
biological products, surgical procedures, radiologic procedures, devices, behavioral treatments,
process-of-care changes, preventive care, etc".

In order to register a clinical trial, please access one the following addresses:

Register in the Clinicaltrials.gov

URL: http://prsinfo.clinicaltrials.gov/

Register in the International Standard Randomized Controlled Trial Number (ISRCTN)

URL: http://www.controlled-trials.com/

4 ANY QUERIES SHALL BE SOLVED BY THE Editor-in-Chief AND EDITORIAL BOARD
SENDING OF MANUSCRIPTS
1 MANUSCRIPT SUBMISSION

1.1 Articles must be submitted through the following address http://www.scielo.br/jaos

1.2 The corresponding author should retain the original file in Word format as well as illustrations
(when applicable).

1.3 The original file containing the main manuscript must be submitted without the authors’
identification and affiliations. The cover page must be submitted as a supplementary file
containing the names of the authors, affiliations and correspondence address.

1.4 Figures must be submitted as supplementary files according to the specifications of item 2.1
regarding the form and preparation of manuscripts.

1.5 - Tables must be prepared in Excel format and must be submitted as a supplementary files.
1.6 The submission Form, signed by ALL the authors, must be submitted as a supplementary file
containing the following text:

By signing the Submission Form, the authors state:

Copyright transfer: In the event of publication of the above mentioned manuscript, we, the
authors, transfer to the Journal of Applied Oral Science all rights and interest of the
manuscript. This document applies to translations and any preliminary presentation of the
contents of the manuscript that has been accepted, but yet not published. If any authorship
modification occurs after submission, a document with of agreement of all authors is required to
be kept by the Editor-in-Chief. Exclusion of authors may only be accepted by his/her own
request.

Responsibilities of the authors: | hereby state that:
The content is original and does not consist of plagiarism or fraud;
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The work is not under consideration or will be submitted to other journal until a final decision is
issued by this journal;

I have effectively contributed to this work and am familiar with its contents;

I have read the final version and assume the responsibility for its contents. | understand that if
the work, or part of it, is considered deficient or a fraud, | take shared responsibility with the
other authors.

Release of conflict of interest:

All my affiliations, corporate or institutional, and all sources of financial support to this research
are properly acknowledged, except when mentioned in a separate letter. | certify that do not
have any commercial or associate interest that represents a conflict of interest in connection with
the submitted manuscript.

PRINT NAME: SIGNATURE: DATE:

1.7 For further information on the online submission system, please refer to the TUTORIAL FOR
AUTHORS available at: http://www.scielo.br/jaos.
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