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RESUMO 

 
 

O objetivo nesse estudo foi avaliar a influência da aplicação de filtros em imagens de 

tomografia computadorizada de feixe cônico (TCFC), de diferentes resoluções, 

obtidas para diagnóstico de fraturas radiculares verticais (FRV) mésio-distais, 

associadas a dentes com pinos metálicos. Quarenta dentes foram tratados 

endodonticamente e vinte receberam pinos metálicos. Dez dentes sem pino e dez 

dentes com pino foram submetidos à FRV no sentido mésio-distal. A amostra foi 

submetida a radiografias periapicais e a exames de TCFC com voxel de 0,25 e 0,30 

mm. Com o objetivo de reduzir a influência do artefato metálico nas imagens 

tomográficas, as mesmas foram avaliadas com e sem a aplicação de filtros 

(“Sharpen” e “Hard”). As imagens foram avaliadas por dois radiologistas que 

deveriam identificar a presença da FRV. Valores de acurácia (curva ROC) para as 

diversas variáveis foram comparados por meio de análise de variância e teste t. Não 

foi observada diferença entre as imagens com e sem a aplicação dos filtros (p = 

0,860). Imagens obtidas com voxel de 0,25 mm foram mais acuradas (p = 0,001). A 

presença do pino metálico reduziu a acurácia do diagnóstico de FRV (p = 0,001) e 

as imagens tomográficas mostraram resultados superiores quando comparadas à 

radiografia periapical (p = 0,005). Pode-se concluir que a presença de pino metálico 

e o tamanho do voxel interferem significativamente no diagnóstico de FRV. 

Independente da formação de artefatos metálicos associados aos pinos metálicos, a 

aplicação de filtros não melhorou o diagnóstico. Para FRV mésio-distais, as imagens 

de TCFC são superiores às periapicais.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

ABSTRACT 

 

The aim of this study was to evaluate the influence of applying filters in cone beam 

computed tomography (CBCT) images at different resolutions. These CBCT images 

were obtained for diagnosing mesiodistal vertical root fractures (VRF) in teeth with 

metal posts. Forty teeth were treated endodontically, and twenty received metal 

posts. Ten teeth without posts and ten teeth with posts were subjected to VRF in the 

mesiodistal direction. The sample was submitted to periapical radiographs and CBCT 

exams with a voxel of 0.25 and 0.30 mm. In order to reduce the influence of the 

metal artifact in the CT images, the teeth were evaluated with and without the 

application of filters ("Sharpen" and "Hard"). The images were evaluated by two 

radiologists who had to identify the presence of VRF. Accuracy values (ROC curves) 

for the different variables were compared using an analysis of variance and t-test. No 

difference was observed between images with and without filter application (p = 

0.860). Images obtained with a 0.25 mm voxel were more accurate (p = 0.001). The 

presence of the metal post reduced the accuracy of the diagnosis of VRF (p = 0.001), 

and the CT images showed superior results compared to periapical radiographs (p = 

0.005). It can be concluded that the presence of a metal post and the voxel size 

significantly interfere with the diagnosis of VRF. Independent of the formation of 

metal artifacts associated with metallic cores, applying filters did not improve the 

diagnosis. For mesiodistal VRF, the CBCT images are superior to the periapical 

radiographs. 
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1 INTRODUÇÃO 

 

Fraturas radiculares são complicações relativamente comuns na clínica 

diária que podem levar a perda do dente. Estudos que investigaram as indicações 

de extrações dentárias relatam que 7,7 a 32,1% das exodontias são decorrentes de 

fraturas radiculares (MAJORANA et al., 2002; CHEN et al., 2008). As fraturas que 

acometem as raízes dentárias podem ocorrer em diferentes localizações e com 

orientações variadas. Quando a fratura radicular é vertical, caracterizada por uma 

linha de fratura incompleta ou completa que se estende ao longo eixo do 

comprimento da raiz, torna-se difícil de ser detectada em exames radiográficos 

convencionais, especialmente quando acontece no sentido mésio-distal (HASSAN et 

al., 2009; WENZEL et al., 2009; HASSAN et al., 2010; ZOU et al., 2011; METSKA et 

al., 2012; FERREIRA et al., 2013). Embora, com o passar do tempo, ocorra a 

formação de bolsa periodontal e perda óssea, esses sinais não são específicos para 

diagnosticar uma fratura radicular (ZOU et al., 2011). 

Poucos são os estudos que identificam o sentido da linha de fratura em 

suas metodologias ou que utilizam essa variável na avaliação dos resultados 

(HASSAN et al., 2009; KAMBUROGLU et al., 2010; VARSHOSAZ et al., 2010; 

KAMBUNGTON et al., 2012;  JUNQUEIRA et al., 2013; MELO et al., 2013). Vale 

ressaltar que a imagem radiográfica de uma fratura radicular vertical apresenta-se 

como uma linha radiolúcida, mas se o feixe de raios X não passar diretamente pela 

linha de fratura ou a um pequeno ângulo da mesma, sua visualização pode ser 

dificultada, tornando-se improvável o diagnóstico de uma fratura vertical mésio-distal 

por meio de um sistema radiográfico bidimensional (TSESIS et al., 2008; ÖZER, 

2011; KAJAN e TAROMSARI, 2012; FERREIRA et al., 2013). Portanto, apesar de o 

exame radiográfico periapical possibilitar a visualização de detalhes, ser acessível, 

de baixo custo e demandar uma baixa dose de radiação, é uma técnica 

bidimensional e, por esse motivo, dependendo do plano de orientação da fratura, 

pode dificultar ou até impossibilitar o diagnóstico (TSESIS et al., 2008). Isso pode 

ser agravado nas fases iniciais, quando a fratura está sob a forma de uma fina fenda 

e seus fragmentos ainda aparecem unidos.  

Já o exame de tomografia computadorizada de feixe cônico (TCFC) nos 

permite a visualização tridimensional das estruturas, sem sobreposição de imagens, 

aumentando a possibilidade de um diagnóstico preciso. Diversos estudos tem 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kajan%20ZD%5BAuthor%5D&cauthor=true&cauthor_uid=22184623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kajan%20ZD%5BAuthor%5D&cauthor=true&cauthor_uid=22184623
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demostrado a superior eficácia da TCFC para o diagnóstico de fraturas radiculares 

em dentes sem materiais de preenchimento intracanal (WANG et al., 2011; DA 

SILVEIRA et al., 2013; NEVES et al., 2014). No entanto, nos casos em que existe 

preenchimento das raízes com materiais de alta densidade, como por exemplo, a 

guta-percha e objetos metálicos associados aos dentes envolvidos, tais como pinos 

e núcleos metálicos fundidos, artefatos podem aparecer nas imagens tomográficas, 

dificultando a interpretação do exame (HASSAN et al., 2009; FERREIRA et al., 2013; 

JUNQUEIRA et al., 2013; MELO et al., 2013; JAKOBSON et al., 2014; 

MOHAMMADPOUR et al., 2014; DE REZENDE et al., 2015; FERREIRA et al., 

2015).   

Artefatos afetam a qualidade da imagem e podem dificultar 

substancialmente o diagnóstico das fraturas radiculares (BECHARA et al., 2013). A 

formação dos artefatos acontece em consequência das diferenças de atenuação e 

absorção dos feixes de raios X quando entram em contato com materiais de alta 

densidade física. Essa interação provoca um efeito chamado de “endurecimento” do 

feixe (beam-hardening). A imagem resultante é alterada com a formação de bandas 

hipodensas (dark bands), estrias hiperdensas (white streaks) e distorção dos objetos 

metálicos (cupping artefacts). Esses artefatos vão interferir negativamente na 

qualidade das imagens, tornando-as, em alguns casos, inutilizáveis para o 

diagnóstico. Para a detecção de fraturas, a associação dos dentes envolvidos com 

objetos metálicos pode levar a resultados falso-positivos e falso-negativos (HASSAN 

et al., 2009; HASSAN et al., 2010; SCHULZE et al., 2011; PATEL et al., 2013). 

Alguns estudos têm sido realizados na tentativa de minimizar esses 

efeitos no diagnóstico de fraturas radiculares aplicando-se filtros digitais de 

melhoramento da imagem e algoritmos de redução de artefatos metálicos, no 

entanto, poucos são esses estudos e com resultados bastante divergentes 

(BARRETT e KEAT, 2004; VAN DER BOM et al., 2013; BALLHAUSEN et al., 2014). 

Algumas variáveis relacionadas ao protocolo de aquisição das imagens tomográficas 

também podem infuenciar significativamente na qualidade das imagens, como por 

exemplo, o tamanho do voxel, que tem sido associado a alterações no contraste e 

resolução das imagens (HASSAN et al., 2010), podendo interferir no diagnóstico de 

fraturas radiculares (WENZEL et al., 2009; ÖZER, 2011). 

Provavelmente, essa variação nos resultados dos diversos estudos que 

envolvem o diagnóstico de fraturas radiculares pode estar associada a variações 
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metodológicas, como o sentido das linhas de fraturas, os equipamentos 

tomográficos utilizados, os protocolos de aquisição das imagens tomográficas e aos 

diferentes filtros e algoritmos aplicados. Dessa forma, diante da divergência dos 

resultados encontrados na literatura e da importância de um correto diagnóstico de 

fratura radicular para o prognóstico de um dente, o objetivo nesse estudo foi avaliar 

a influência da aplicação de filtros digitais em imagens de TCFC, de diferentes 

resoluções, obtidas para diagnóstico de fraturas radiculares verticais mésio-distais 

associadas a dentes com tratamento endodôntico e pinos metálicos intracanais. 
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2 PROPOSIÇÃO 

 

O objetivo no presente estudo foi avaliar a influência de filtros digitais em 

imagens de TCFC obtidas para diagnóstico de fraturas radiculares verticais mésio-

distais em dentes com tratamento endodôntico, comparando a acurácia de: 

- Radiografias periapicais e imagens de TCFC com e sem pinos metálicos 

intracanais; 

- Imagens de TCFC submetidas a diferentes filtros; 

- Imagens de TCFC obtidas com diferentes resoluções. 
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3 MATERIAL E MÉTODOS 

 

3.1 DESENHO DO ESTUDO  

 

Trata-se de um estudo experimental transversal de caso-controle. 

 

3.2 COMITÊ DE ÉTICA  

 

Este estudo foi aprovado pelo Comitê de Ética em Pesquisa da 

Universidade Federal de Juiz de Fora (CEP/UFJF, Juiz de Fora, Minas Gerais, 

Brasil), sob o parecer n. 996.011, em dezenove de março de 2015 (ANEXO A). 

 

3.3 DESCRIÇÃO DA AMOSTRA  

 

Foram selecionados 40 dentes unirradiculares humanos (incisivos e 

caninos), provenientes do banco de dentes da Faculdade de Odontologia da 

Universidade Federal de Juiz de Fora (FO/UFJF, Juiz de Fora, Minas Gerais, Brasil). 

Os dentes, conservados em água destilada, foram inspecionados com lente de 

aumento (2x) para confirmar a ausência de fraturas e reabsorções radiculares e a 

integridade radicular. Em seguida, foram submetidos à raspagem e alisamento 

radicular para eliminação de cálculo dentário. Foram excluídos os dentes que 

apresentaram raiz previamente fraturada, com cárie ou desgaste/reabsorção. Após a 

seleção, os dentes mantiveram-se armazenados em água destilada. 

 

3.4 PREPARO DA AMOSTRA  

 

3.4.1Tratamento endodôntico  

 

Os dentes selecionados tiveram suas coroas seccionadas na junção 

cemento-esmalte com disco de carborundum (Dentorium Inc., Nova Iorque, NY, 

EUA) acionado em baixa rotação com peça de mão (Kavo, Joinville, SC, Brasil). Em 

seguida, foram feitos os acessos aos canais radiculares e a odontometria foi 

realizada com lima tipo K #10 (Dentsply-Maillefer, Ballaigues, Suíça), sendo o 

comprimento de trabalho padronizado em 1 mm aquém do ápice radicular. Os 
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canais radiculares foram preparados endodonticamente com uso do sistema 

rotatório Protaper (Dentsply Maillefer, Ballaigues, Suíça) na sequência: SX, S1, S2, 

F1, F2 e F3. A cada troca de instrumento, o processo de irrigação-aspiração do 

canal radicular foi realizado com água destilada. Concluído o preparo biomecânico, 

os canais radiculares foram obturados por meio da técnica de termoplastificação 

mecânica, com compactadores de McSpadden 21 mm n° 55 (Dentsply Maillefer, 

Ballaigues, Suíça), utilizando cones de guta percha principal e acessórios (Dentsply 

Maillefer, Ballaigues, Suíça) e cimento obturador Sealer 26 (Dentsply Maillefer, 

Ballaigues, Suíça), manipulado em placa de vidro com espátula flexível n° 24 

(Golgran, São Paulo, SP, Brasil), de acordo com as recomendações do fabricante. 

Ao término da termoplastificação, os excessos foram removidos com condensador 

vertical aquecido (Odous de Deus, Belo Horizonte, MG, Brasil). Em seguida, os 

dentes foram selados provisoriamente com Coltosol (Vigodent, Rio de Janeiro, RJ, 

Brasil). Os dentes foram radiografados nos sentidos vestíbulo-lingual e mésio-distal 

para avaliação da qualidade da obturação. 

 

3.4.2 Cimentação de pinos intracanais pré-fabricados  

 

Após o tratamento endodôntico, foram selecionados, aleatoriamente, 20 

dentes que receberam pinos pré-fabricados metálicos. Foram utilizados kits de 

Reforpost I Metálico (Angelus, Londrina, Paraná, Brasil). A desobstrução do conduto 

foi realizada com broca Largo nº 2 (Angelus, Londrina, Paraná, Brasil), pertencente 

ao “kit”, atingindo 11 mm de comprimento. Para cimentação do pino foi utilizado 

cimento fosfato de zinco (SS White, Rio de Janeiro, RJ, Brasil) manipulado em placa 

de vidro com espátula flexível n° 24 (Golgran, São Paulo, SP, Brasil) de acordo com 

as recomendações do fabricante. Na fixação do pino foi aplicado cimento na peça e 

no interior do canal, sendo mantida uma pressão vertical sobre o pino pelo tempo de 

um minuto após a sua inserção. 
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3.4.3 Fratura radicular vertical 

 

Vinte dentes, sendo dez com pinos metálicos e dez sem os pinos 

metálicos, foram selecionados aleatoriamente e induzidos à fratura radicular vertical 

no sentido mésio-distal (Figura 1), aplicando força mecânica ao dente, por meio de 

um cinzel e martelo. Os vinte dentes restantes foram mantidos sem fratura. Foi 

utilizado um dispositivo de madeira com uma canaleta em forma de cunha para 

manutenção do dente em posição durante a fratura, garantindo a estabilização do 

dente e uma melhor padronização da orientação da fratura. Em seguida, as raízes 

foram cobertas uniformemente por uma camada de aproximadamente 0,3 mm de 

cera 7 (Epoxiglass, São Paulo, Brasil) para simular o aspecto radiográfico do espaço 

do ligamento periodontal. 

 

Figura 1 - A. Fratura radicular vertical mésio-distal em um dente 
com tratamento endodôntico e sem pino intracanal. B. Fratura 
radicular vertical mésio-distal em um dente com tratamento 
endodôntico e com pino intracanal 
Fonte: O autor. 

 

3.4.4 Montagem dos dentes em mandíbula 

 

Os dentes foram montados em uma mandíbula humana seca, proveniente 

do Laboratório de Anatomia da UFJF, para a aquisição dos exames por imagem. A 

mandíbula foi recoberta na face vestibular por 3 mm de cera 7 (Epoxiglass, São 

Paulo, Brasil) para atenuação do feixe de raios X, simulando os tecidos moles 

mandibulares (Figura 2). 
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         Figura 2 - Dente montado em uma mandíbula seca revestida por três camadas de cera. 

A. Vista superior. B. Vista frontal 

Fonte: O autor. 

 

3.5 GRUPOS DE ESTUDO 

 

A amostra foi dividida em quatro grupos compostos por dez dentes cada, 

distribuídos da seguinte maneira:  

Grupo A (n = 10): sem pino intracanal e sem fratura;  

Grupo B (n = 10): sem pino intracanal e com fratura;  

Grupo C (n = 10): com pino intracanal e sem fratura; 

Grupo D (n = 10): com pino intracanal e com fratura.  

 

3.6 EXAMES POR IMAGEM  

 

Todos os dentes foram submetidos a radiografias periapicais digitais, 

sendo realizadas três incidências (ortorradial, mesiorradial e distorradial - técnica de 

Clark). Para realização das radiografias digitais, foi utilizado o aparelho de raios X 

periapical Gendex Expert DC® (Gendex, Des Plaines, EUA), operando a 7 mA, 65 

kVp e 0,5 s. A distância foco-sensor foi fixada em 40 cm, e a variação da angulação 

horizontal foi de 15°, definida com auxílio de um transferidor. Para aquisição das 

imagens radiográficas, foi utilizado o sistema de radiografia digital direta Micro 

Imagem (Micro Imagem, Indaiatuba, SP, Brasil). 

Em seguida essa mesma amostra foi submetida a exames de TCFC 

utilizando-se o tomógrafo I-Cat® Next Generation (Imaging Sciences International, 
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Hatfield, Pennsylvania, EUA) com FOV (field of view - campo de visão) de 6 x 23 cm, 

5 mA e 120kV. Foram utilizadas duas diferentes resoluções: voxel de 0,25 mm e 

voxel de 0,30 mm. 

 

3.7 APLICAÇÃO DOS FILTROS 

 

Foram utilizados, para cada um dos exames de TCFC obtidos, três 

padrões de imagem disponíveis no programa i-Cat Vision (Imaging Sciences 

International, Hatfield, Pensilvânia, EUA): imagem sem aplicação de filtro (“Normal”), 

um filtro de suavização (“Sharpen”) e um filtro de intensificação (“Hard”). 

 

3.8 AVALIAÇÃO DOS EXAMES POR IMAGEM 

 

As radiografias periapicais de cada dente foram organizadas em slides no 

programa Microsoft Office® Power Point. Cada slide apresentou as três incidências 

(orto, mesio e distorradial) do mesmo dente. A sequência dos dentes nos slides foi 

aleatória e desconhecida dos examinadores. Já as imagens tomográficas, com e 

sem a aplicação dos filtros foram analisadas por meio do programa i-Cat Vision 

(Imaging Sciences International, Hatfield, Pensilvânia, EUA). Uma sequência 

aleatória também foi definida em relação aos exames e aos filtros para utilização dos 

examinadores. 

Dois examinadores, especialistas em Radiologia Odontológica, com 

experiência em imagens tomográficas, avaliaram as imagens de forma 

independente. As imagens foram classificadas quanto à ocorrência de fratura 

radicular, utilizando cinco escores: 

1. fratura definitivamente presente 

2. fratura provavelmente presente 

3. incerteza 

4. fratura provavelmente ausente 

5. fratura definitivamente ausente 

As avaliações, tanto das imagens periapicais quanto das tomografias, 

foram realizadas em um único computador, localizado em uma sala com luz reduzida 

(penumbra). As imagens tomográficas puderam ser avaliadas nos cortes sagitais, 
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axiais e coronais. As condições de brilho e contraste foram padronizadas pela 

aplicação da ferramenta: “reiniciar todas as janelas/níveis”. Foi permitido aplicar 

zoom nas imagens. Após três semanas da primeira avaliação, uma segunda 

avaliação foi realizada em 20% da amostra para definir a concordância 

intraexaminador. 

 

3.9 ANÁLISE DOS DADOS 

 

Para a definição da acurácia, foram calculadas as áreas sob as curvas 

ROC (receiver operator characteristic) de cada um dos exames avaliados (periapical, 

tomografia com os diferentes filtros e resoluções), para os dentes com e sem pino 

intracanal. Foi aplicada uma análise de variância (ANOVA) para a comparação das 

áreas sob as curvas ROC entre os filtros e teste t para comparação das áreas entre 

os examinadores, resoluções e presença/ausência de pino. O coeficiente kappa foi 

utilizado para o cálculo das concordâncias intra e interexaminadores, interpretado da 

seguinte maneira: < 0,10, sem concordância; 0,10-0,40, concordância baixa; 0,41-

0,60, concordância moderada; 0,61-0,80, concordância forte e de 0,81 a 1,00, 

concordância excelente. Para a definição dos valores de kappa os cinco escores 

utilizados na avaliação foram reclassificados em três novos escores. Os escores 1 e 

2 foram reclassificados em escore 1 e os escores 4 e 5 foram reclassificados em 

escore 2. O escore 3 foi mantido, indicando os casos de incerteza. Foi utilizado o 

programa SPSS versão 15.0 (SPSS Inc, Chicago, EUA), e o nível de significância 

considerado foi de 5% (p≤0,05). 
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Abstract 

Aim: To evaluate the influence of applying filters in cone beam computed tomography 

(CBCT) images at different resolutions. These CBCT images were obtained for diagnosing 

mesiodistal vertical root fractures (VRF) in teeth with metal posts.  

Methodology: Forty teeth were treated endodontically, and twenty received metal posts. 

Ten teeth without posts and ten teeth with posts were subjected to VRF in the mesiodistal 

direction. The sample was submitted to periapical radiographs and CBCT exams with a voxel 

of 0.25 and 0.30 mm. In order to reduce the influence of the metal artifact in the CT images, 

the teeth were evaluated with and without the application of filters ("Sharpen" and "Hard"). 

The images were evaluated by two radiologists who had to identify the presence of VRF. 

Accuracy values (ROC curves) for the different variables were compared using an analysis of 

variance and t-test.  

Results: No difference was observed between images with and without filter application (p = 

0.860). Images obtained with a 0.25 mm voxel were more accurate (p = 0.001). The 

presence of the metal post reduced the accuracy of the diagnosis of VRF (p = 0.001), and 

the CT images showed superior results compared to periapical radiographs (p = 0.005).  

Conclusion: The presence of a metal post and the voxel size significantly interfere with the 

diagnosis of VRF. Despite the formation of metal artifacts associated with metallic cores, 

applying filters did not improve the diagnosis. For mesiodistal VRF, the CBCT images are 

superior to the periapical radiographs. 

 

 

 

 

 

 

 

 

 



19 
 

Diagnosis of Mesiodistal Vertical Root Fractures in Teeth with Metal Posts: Influence 

of Applying Filters in CBCT Images at Different Resolutions 

 

Introduction 

Root fractures are relatively common complications in daily clinical practice, 

which can lead to tooth loss. Studies investigating the indications of dental extractions report 

that 7.7% to 32.1% of extractions are due to root fractures (Majorana et al. 2002, Chen et al. 

2008). The fractures that afflict dental roots can occur in different locations with a variety of 

orientations. When the root fracture is vertical and characterized by an incomplete or 

complete fracture line extending along the axis of the root's length, it becomes difficult to 

detect the root fracture by conventional radiographic exams, especially when it occurs in the 

mesiodistal direction (Hassan et al. 2009, Wenzel et al. 2009, Hassan et al. 2010, Metska et 

al. 2012, Ferreira et al. 2013). This difficulty can be compounded in the early stages when 

the fracture is in the form of a thin crack, with its fragments still appearing to be together and 

without an associated bone loss. 

In such cases, a cone beam computed tomography (CBCT) exam is indicated, 

which allows three-dimensional visualization of the structures, without superimposed images. 

Various studies have demonstrated the superior accuracy of CBCT for diagnosing root 

fractures in teeth without intracanal filling material (Wang et al. 2011, da Silveira et al. 2013). 

However, in cases where the roots are filled with high-density materials, such as posts and 

molten metal cores, artifacts can appear in the tomography images, making the exam difficult 

to interpret (Junqueira et al. 2013). 

Some studies have been undertaken to minimize these effects in the diagnosis of 

root fractures by applying digital image enhancement filters and metal artifacts reduction 

algorithms; however, such studies are few and have quite divergent results (Barrett & Keat 

2004, Ballhausen et al. 2014). Furthermore, some variables in the tomographic image 

acquisition protocol may also influence image quality, such as voxel size, which is correlated 
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with image resolution (Hassan et al. 2010) and can interfere in the diagnosis of root fractures 

(Wenzel et al. 2009, Özer 2011, Corbella et al. 2014). 

This variation in the results of various studies may be associated with 

methodological variations, such as the direction of the fracture lines, the tomographic 

equipment used, the tomographic image acquisition protocols, and the different filters and 

algorithms applied. Thus, given the divergence of the findings in the literature and the 

importance of a correct diagnosis of root fracture for the prognosis of a tooth, the objective in 

this study was to evaluate the application of digital filters in CBCT images at different 

resolutions; these CBCT images were obtained for diagnosing mesiodistal vertical root 

fractures (VRF) associated with teeth with endodontic treatment and intracanal metal posts. 

 

Material and methods 

Teeth selection 

After approval of this study by the Research Ethics Committee of the Federal 

University of Juiz de Fora (UFJF, Juiz de Fora, Minas Gerais, Brazil; Opinion No. 

996.011/2015), 40 single-rooted human teeth (incisors and canines) were selected from the 

tooth bank of the School of Dentistry, UFJF (Juiz de Fora, Minas Gerais, Brazil). The teeth, 

which were preserved in distilled water, were inspected with a magnifying lens (2x) to confirm 

the absence of radicular fractures and resorptions and root integrity. Next, they underwent 

scaling and root planing to remove dental calculus. Teeth with fractured roots, decay or wear 

/resorption were excluded. 

 

Teeth Preparation 

The crowns of the selected teeth were sectioned at the cementoenamel junction. 

Root canals were prepared endodontically by an endodontist using Protaper rotary system 

finishing (Dentsply Maillefer, Ballaigues, Switzerland) and filled via mechanical thermoplastic 

technique using gutta-percha points (Dentsply Maillefer, Ballaigues, Switzerland) and Sealer 

26 endodontic cement (Dentsply Maillefer, Ballaigues, Switzerland). The teeth were 
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radiographed in the buccolingual and mesiodistal directions to evaluate filling quality. After 

endodontic treatment, 20 teeth were randomly selected to receive prefabricated metal posts 

(Reforpost I Metálico, Angelus, Londrina, Paraná, Brazil) and cemented with zinc phosphate 

cement (SS White, Rio de Janeiro, RJ, Brazil). 

Twenty teeth (ten with metal posts and ten without metal posts) were randomly 

selected and subjected to vertical root fractures in the mesiodistal direction by applying 

mechanical force to the tooth using a chisel and hammer. The remaining twenty teeth were 

not subjected to a fracture. A wooden device with a wedge-shaped channel was used to hold 

the tooth in position during the fracture, ensuring stabilization of the tooth and better 

standardization of the fracture orientation. Next, the roots were covered uniformly with a layer 

of approximately 0.3 mm of cera 7 (Epoxiglass, São Paulo, Brazil) to simulate the 

radiographic aspect of the periodontal ligament space. The teeth were randomly assembled 

on a dry human mandible for imaging exam acquisition. The mandible was covered on the 

labial face with 3 mm of cera 7 (Epoxiglass, São Paulo, Brazil) for attenuation of the x-ray 

beam, simulating mandibular soft tissues. 

 

Periapical radiographs 

All teeth were submitted to digital periapical radiographs, with three incidences 

obtained (orthoradial, mesioradial and distoradial). To produce the digital radiographs, the 

Gendex Expert DC® (Gendex, Des Plaines, USA) periapical X-ray apparatus was used with 

the following parameters: 7 mA, 65 kVp, and 0.5 s. The focus-sensor distance was set at 40 

cm, and the variation of the horizontal angle was 15° and defined with the aid of a protractor. 

For radiographic image acquisition, the Micro Imagem (Micro Imagem, Indaiatuba, SP, 

Brazil) direct digital radiography system was used. 

 

Cone Beam Computed Tomography 

The same sample was submitted to CBCT exams using the I-Cat® Next 

Generation scanner (Imaging Sciences International, Hatfield, Pennsylvania, USA) with a 6 x 
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23 cm FOV (field of view), 5 mA, and 120 kV. Two different resolutions were used: 0.25 mm 

voxel and 0.30 mm voxel. 

For each of the CBCT scans obtained, three images available in the i-CAT Vision 

software (Imaging Sciences International, Hatfield, Pennsylvania, USA) were used: an image 

without a filter application ("Normal"), an image with a smoothing filter ("Sharpen"), and an 

image with an intensifying filter ("Hard"). 

 

Imaging exams evaluation 

The periapical radiographs of each tooth were organized into slides in Microsoft 

Office® Power Point. Each slide presented three incidences (ortho-, mesio-, and disto-radial) 

of the same tooth. The sequence of the teeth on the slides was random and unknown by the 

examiners. The tomographic images, with and without the applied filters, were analyzed 

using i-Cat Vision software (Imaging Sciences International, Hatfield, Pennsylvania, USA). A 

random sequence was also defined in relation to the exams and the filters for the examiners' 

use. 

Two examiners (Dental Radiology specialists with expertise in tomographic 

images) evaluated the images independently. The images were classified according to the 

occurrence of root fracture using five scores: 

 1: fracture definitely present  

 2: fracture probably present  

 3: uncertain 

 4: fracture probably absent  

 5: fracture definitely absent  

  

The evaluations of the periapical images and the CT scans were performed on a 

single computer located in a room with low light (darkened). The tomographic images could 

be evaluated in the sagittal, axial, and coronal sections. It was possible to zoom in on the 
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images. Three weeks after the first assessment, a second assessment was performed on 

20% of the sample to determine intra-examiner agreement. 

 

Data analysis 

To determine accuracy, the areas under the ROC (receiver operator 

characteristic) curves were calculated for each of the exams (periapical, tomography with 

different filters and resolutions) for the teeth with and without root canal posts. To compare 

the values of the areas under the ROC curve, an analysis of variance (ANOVA) was 

performed for the comparison between filters, and a t-test was performed for comparisons 

between examiners, resolutions, and presence / absence of a post. The kappa coefficient 

was used to calculate intra- and inter-examiner agreement, which was interpreted as follows: 

<0.10, no agreement; 0.10-0.40, low agreement; 0.41-0.60, moderate agreement; 0.61-0.80, 

strong agreement; and 0.81-1.00, excellent agreement. For the definition of the kappa 

values, the five scores used in the evaluation were reclassified into three new scores. Scores 

of 1 and 2 were reclassified as a score of 1, and scores of 4 and 5 were reclassified as a 

score of 2. A score of 3 was retained, indicating cases of uncertainty. SPSS software version 

15.0 (SPSS Inc., Chicago, USA) was used, and the level of significance was 5% (p≤0.05). 

 

Results 

The intra- and inter-examiner reliability exhibited moderate average agreement 

(Table 1). 

_________________ 

Table 1 

_________________ 

The distribution of examiner responses among the five scores are presented in 

Table 2. For the teeth without metal posts, the scores related to the "certainties" (scores 1 

and 5) were the most frequent. For the teeth with metal posts, the most prominent was a 

score of 3 (uncertainty). 
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_________________ 

Table 2 

_________________ 

Table 3 presents the accuracy values (areas under the ROC curves) for each 

radiographic technique for teeth with and without a metal post. Comparing the values of the 

areas under the ROC curves that were obtained by the two examiners, there was no 

statistically significant difference (paired t-test; p = 0.110). Comparing the areas obtained for 

"Normal" images with those for the "Sharpen" and the "Hard" filters, no significant differences 

(ANOVA; p = 0.860) were obtained. When the areas obtained for the 0.25 mm and 0.30 mm 

voxel images were compared, the accuracy of the images obtained with the smaller voxel 

(0.25 mm) was significantly higher (paired t-test; p = 0.001), regardless of the presence of 

the metal post. Comparing the Az values between teeth with and without metal posts, the 

accuracy of the images without posts was significantly increased (t-test; p = 0.001). 

Comparing the tomographic and periapical images, the accuracy of the CBCT was 

significantly increased (paired t-test / p = 0.005). 

_________________ 

Table 3 

_________________ 

 

Figures 1 and 2 illustrate the periapical images and CBCT images with different 

filters and voxel sizes for one case without a post (Figure 1) and one case with a post (Figure 

2). 

_________________ 

Figure 1 

_________________ 

_________________ 

Figure 2 

_________________ 
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Discussion 

VRF extend longitudinally from the apex of the root to the tooth crown (Varshosaz 

et al. 2010). The detection of VRF are quite a challenging task given that a false negative 

diagnosis can lead to periodontal disease, initially subclinical, with the potential to exacerbate 

over time, and a false positive diagnosis can result in unnecessary extraction of the tooth 

(Kajan & Taromsari, 2012). Moreover, it is difficult to arrive at a definitive diagnosis 

exclusively based on signs and symptoms because they are not specific to fractures and are 

very similar to those of periodontal and endodontic diseases. VRF may be iatrogenic and 

occur more frequently during the vertical compression of endodontic root filling material or 

after the insertion of intracanal posts or cores (Bechara et al. 2013). 

Previous studies that compared the detection of root fractures in teeth with and 

without root canal filling concluded that the presence of endodontic treatment reduces the 

accuracy of the diagnosis (Hassan et al. 2009, de Rezende Barbosa et al. 2016). The 

sensitivity and accuracy values for teeth with metal intracanal retainers are even lower (metal 

cores and intracanal posts) (Ferreira et al. 2013, Junqueira et al. 2013, Melo et al. 2013, 

Jakobson et al. 2014, Mohammadpour et al. 2014, Ferreira et al. 2015, de Rezende Barbosa 

et al. 2016). The results of the present study correspond with previous results, as the 

accuracy values were significantly lower for teeth with intracanal metal posts. 

The reason for this reduction in accuracy is that high-density objects, such as 

intracanal metal retainers, cause artifacts in the tomographic images displayed as 

radiopaque and / or radiolucent striations that may overlap with tooth roots, simulating a non-

existent fracture or covering up a real fracture (Wenzel et al. 2009, Wang et al. 2011, Metska 

et al. 2012, Bechara et al. 2013). This phenomenon causes a reduction in the CBCT 

sensitivity and specificity values (Wenzel et al. 2009, Wang et al. 2011, Metska et al. 2012). 

Artifacts, which impair the quality of the images, can only be partially corrected by 

means of software or specific algorithms given that the density of the metal is beyond the 

normal range that can be corrected by a computer, resulting in incomplete attenuation 

profiles and a persistent loss of detail around the tissue / metal interface, which is often the 
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principal area of interest (Barrett & Keat 2004). Although some studies reported an 

improvement in the quality of CBCT images with the use of metal artifact reduction 

algorithms (Bechara et al. 2012, Ballhausen et al. 2014), others have not reported any 

difference in images with and without application of the algorithm (de Rezende Barbosa et al. 

2016). In the study by Bechara et al. (2013), the accuracy for fracture diagnosis was reduced 

after applying the artifact reduction algorithm. 

Other tools, such as digital filters, can also be used as an option to reduce the 

influence of these artifacts, improving the quality of the tomographic images. Previous 

studies have evaluated the effect of filters on CBCT images for detecting root fractures 

(Wenzel et al. 2009, Nascimento et al. 2014, Ferreira et al. 2015). Wenzel et al. (2009) 

observed a significant improvement in CBCT sensitivity using the "Angio Sharpen" filter. 

Nascimento et al. (2014) also observed that the "Angio Sharpen" ("Angio Sharpen Medium 5 

x 5" and "Angio Sharpen High 5 x 5") and "Sharpen" ("Sharpen" and "Sharpen 3 x 3") filters 

showed better results than the original images. However, these studies were conducted on 

teeth without endodontic treatment, which makes interpretation of the images easier due to 

the absence of artifacts. Few studies have applied image enhancement filters for diagnosing 

fractures in endodontically treated teeth with intracanal posts. Ferreira et al. (2015) analyzed 

original CBCT images and those with the application of the following filters: "S9", "Smooth", 

"Smooth 3 x 3", "Sharpen", "Sharpen-Mild", and "Sharpen 3 x 3". Regarding accuracy, the 

"Sharpen-Mild" filter proved superior. Regarding specificity, the original images and the "S9" 

and "Smooth" filters had higher values. However, there was no significant improvement in the 

diagnosis of VRF in teeth with metal posts. In the present study, two filters with very distinct 

performance were chosen (a smoothing filter ("Sharpen") and an intensifying filter ("Hard")), 

and no significant difference was observed between images obtained using filters and the 

original images ("Normal") regardless of the presence of the metallic post. 

Parameters related to the tomographic image acquisition protocol may also affect 

final image quality. Voxel size has been reported in the literature as a variable that can 

influence the detection of radicular fractures (Kamburoglu et al. 2010, Costa et al. 2012). The 
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voxel size defines the resolution of the images. Depending on the CBCT equipment used 

and the different imaging protocols, differences in the resolution are noted (Costa et al. 

2012). In a systematic review, Corbella et al. (2014) found that voxel size appears to be the 

most important CBCT parameter for determining the accuracy of a VRF diagnosis. Wenzel et 

al. (2009) evaluated tomographic images with two resolutions: 0.125 mm voxel and 0.25 mm 

voxel. The smaller voxel promotes an increase in sensitivity without compromising specificity. 

Other studies comparing different resolutions (voxel sizes) also reported increased accuracy 

values related to smaller voxel sizes (Kamburoglu et al. 2010, Edlund et al. 2011, da Silveira 

et al. 2013). However, Talwar et al. (2016) observed that voxel size had no impact on the 

diagnosis of root fracture, although their study was conducted on teeth without endodontic 

treatment. In the present study, the 0.25 mm voxel was significantly superior to the 0.30 mm 

voxel regardless of the presence of the metal post. Although we know that the smaller the 

voxel, the greater the radiation dose, in cases of suspected VRF, especially in the presence 

of metal posts, the importance of the accuracy of the diagnosis must be considered, with 

higher resolution images being more appropriate. Using lower FOVs can compensate for the 

dosages in these cases. 

Given the less satisfactory results from CBCT in the presence of metallic 

artifacts, one could question the application of CT in cases of suspected fractures in teeth 

with metal posts and indicate the use of periapical radiographs that, despite the two-

dimensionality, present images rich in detail. This can be confirmed in several studies that 

have not observed, in any comparisons, significant differences between CBCT images and 

periapical radiographs (Wenzel et al. 2009, Kambungton et al. 2012, Junqueira et al. 2013). 

However, the vast majority of studies involving a diagnosis of VRF do not identify 

the direction of the fracture line (Tsesis et al. 2008, Edlund et al. 2011, Özer 2011, Metska et 

al. 2012, Bechara et al. 2013, da Silveira et al. 2013, Ferreira et al. 2013, Patel et al. 2013, 

Chavda et al. 2014, Mohammadpour et al. 2014, Moudi et al. 2014, Nascimento et al. 2014, 

de Rezende Barbosa et al. 2016, Ferreira et al. 2015, Moudi et al. 2015), which can directly 

influence its detection. Vertical fractures in the buccolingual direction can be identified in 
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periapical radiographs. However, if VRF are in the mesiodistal direction, two-dimensional 

radiographic diagnosis can become unlikely (Tsesis et al. 2008, Özer 2011, Kajan & 

Taromsari 2012, Ferreira et al. 2013). Among the studies that identify the fracture line, most 

studies use fractures predominantly in the buccolingual direction (Hassan et al. 2009, 

Kamburoglu et al. 2010, Varshosaz et al. 2010, Kambungton et al. 2012, Junqueira et al. 

2013, Melo et al. 2013), which may explain the high accuracy values observed for the 

periapical radiographs in previous studies, often similar to those observed for CBCT images. 

In this study, the mean value for accuracy of periapical radiographs was low 

(0.49) and was likely attributed to the direction of the fracture. In contrast, other studies have 

observed higher values ranging from 0.53 to 0.93 (Varshosaz et al. 2010, da Silveira et al. 

2013, Junqueira et al. 2013, Chavda et al. 2014). For VRF detection using periapical 

radiography, Hassan et al. (2009) observed a sensitivity of 51.4% for fractures in the 

buccolingual direction and 7.7% for those in the mesiodistal direction. For CBCT images, the 

sensitivity was 87% for buccolingual fractures and 63.5% for mesiodistal fractures. However, 

only 32.5% of their samples were fractures in the mesiodistal direction, suggesting that the 

sensitivity values for periapical radiographs could have been even lower if there were more 

fractures in this direction. Kambungton et al. (2012) evaluated VRF using CBCT, digital and 

conventional periapical radiography. Only three teeth with fractures in a sample of 30 teeth 

were in the mesiodistal direction. The authors concluded that almost all the lines of fractures 

that can be detected by two-dimensional X-rays are buccolingual fractures. The authors 

stated that if the number of mesiodistal fractures were larger, the accuracy of the CBCT 

images could have been significantly better than that of the periapical radiographs for 

detecting VRF. 

Thus, studies that do not identify the direction of the fracture line should be 

interpreted with caution, as the result will depend directly on the orientation of the fracture. 

Factors, such as the presence of metal posts and voxel size, also significantly interfere with 

the diagnosis of VRF. Despite the formation of metal artifacts associated with metallic cores, 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kajan%20ZD%5BAuthor%5D&cauthor=true&cauthor_uid=22184623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taromsari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22184623
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the application of digital filters showed no significant difference in the accuracy of VRF 

diagnosis. 

 

Conclusions 

The presence of a metal post and the voxel size significantly interfere with the 

diagnosis of VRF. Despite the formation of metal artifacts associated with metallic cores, 

applying filters did not improve the diagnosis. For mesiodistal VRF, the CBCT images are 

superior to the periapical radiographs. 
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Table 1 Kappa Values (95% CI) for intra- and inter-examiner agreement 

Examiner 1 2 

1 0.58 (0.35-0.89)  0.49 (0.23-0.89) 

2  0.60 (0.36-0.79) 

CI: confidence interval 
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Table 2 Mean frequency (%) of examiner responses for each radiographic technique, with 

and without the presence of metal posts 

 

 

 

 

Score 

Without metal posts 

CBCT Periapical 

Voxel 0.25 mm Voxel 0.30 mm 

Normal Sharpen Hard Normal Sharpen Hard 

1 27.50 35.00 32.50   5.00 15.00 17.50   5.00 

2   7.50 10.00 12.50 12.50 12.50 15.00 17.50 

3   2.50   0.00   5.00 17.50 22.50 22.50 12.50 

4 22.50 20.00 10.00 37.50 30.00 27.50 37.50 

5 40.00 35.00 40.00 27.50 20.00 17.50 27.50 

 

 

 

Score 

With metal posts 

CBCT Periapical 

Voxel 0.25 mm Voxel 0.30 mm 

Normal Sharpen Hard Normal Sharpen Hard 

1 25.00 27.50 27.50   5.00 10.00 15.00   2.50 

2 12.50 17.50 10.00   7.50   7.50   7.50 15.00 

3 40.00 42.50 50.00 52.50 57.50 72.50 30.00 

4 17.50 10.00   7.50 30.00 25.00   5.00 37.50 

5   5.00   2.50     5.00   5.00   0.00   0.00 15.00 
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Table 3 Area under the ROC curve (Az) for each radiographic technique, for teeth with and 

without a metal post 

 

     Examiner 1  Examiner 2 

Radiographic 

technique 

Metal 

post 

Voxel 

(mm) 
Filter 

 
Az SE CI 95% 

 
Az SE CI 95% 

CBCT Without 0.25 Normal  0.92 0.05 0.81-1.00  0.89 0.08 0.72-1.00 

  0.25 Sharpen  0.98 0.02 0.92-1.00  0.91 0.07 0.76-1.00 

  0.25 Hard  0.99 0.01 0.95-1.00  0.97 0.03 0.91-1.00 

  0.30 Normal  0.81 0.10 0.61-1.00  0.80 0.10 0.59-1.00 

  0.30 Sharpen  0.83 0.09 0.65-1.00  0.94 0.04 0.85-1.00 

  0.30 Hard  0.84 0.08 0.67-1.00  0.89 0.08 0.73-1.00 

 With 0.25 Normal  0.58 0.14 0.29-0.86  0.78 0.11 0.55-1.00 

  0.25 Sharpen  0.74 0.11 0.51-0.96  0.73 0.12 0.48-0.97 

  0.25 Hard  0.58 0.13 0.31-0.84  0.68 0.12 0.44-0.92 

  0.30 Normal  0.54 0.13 0.27-0.80  0.62 0.13 0.35-0.89 

  0.30 Sharpen  0.60 0.13 0.33-0.86  0.52 0.13 0.26-0.79 

  0.30 Hard  0.65 0.12 0.40-0.89  0.62 0.12 0.36-0.87 

Periapical Without - -  0.59 0.13 0.33-0.84  0.68 0.12 0.44-0.92 

 With - -  0.36 0.12 0.11-0.61  0.35 0.12 0.10-0.60 

Az: area under the ROC curve 

SE: standard error 

CI: confidence interval 
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Figure Legends 

 

Figure 1 Images from CBCT and periapical radiography of single fractured tooth without 

metal post. (a-f) Parasagittal and axial sections from CBCT with 0.25-mm voxel. (a-b) 

Without filter. (c-d) “Sharpen” filter. (e-f) “Hard” filter. (g-i) Periapical radiographs with 

variation of horizontal angulation. (g) Mesioradial. (h) Orthoradial. (i) Distoradial. (j-o) 

Parasagittal and axial sections from CBCT with 0.30-mm voxel. (j-k) Without filter. (l-m) 

“Sharpen” filter. (n-o) “Hard” filter. 

 

Figure 2 Images from CBCT and periapical radiography of single fractured tooth with metal 

post. (a-f) Parasagittal and axial sections from CBCT with 0.25-mm voxel. (a-b) Without filter. 

(c-d) “Sharpen” filter. (e-f) “Hard” filter. (g-i) Periapical radiographs with variation of horizontal 

angulation. (g) Mesioradial. (h) Orthoradial. (i) Distoradial. (j-o) Parasagittal and axial 

sections from CBCT with 0.30-mm voxel. (j-k) Without filter. (l-m) “Sharpen” filter. (n-o) “Hard” 

filter. 
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Figure 1 Images from CBCT and periapical radiography of single fractured tooth without 

metal post. (a-f) Parasagittal and axial sections from CBCT with 0.25-mm voxel. (a-b) 

Without filter. (c-d) “Sharpen” filter. (e-f) “Hard” filter. (g-i) Periapical radiographs with 

variation of horizontal angulation. (g) Mesioradial. (h) Orthoradial. (i) Distoradial. (j-o) 

Parasagittal and axial sections from CBCT with 0.30-mm voxel. (j-k) Without filter. (l-m) 

“Sharpen” filter. (n-o) “Hard” filter. 
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Figure 2 Images from CBCT and periapical radiography of single fractured tooth with metal 

post. (a-f) Parasagittal and axial sections from CBCT with 0.25-mm voxel. (a-b) Without filter. 

(c-d) “Sharpen” filter. (e-f) “Hard” filter. (g-i) Periapical radiographs with variation of horizontal 

angulation. (g) Mesioradial. (h) Orthoradial. (i) Distoradial. (j-o) Parasagittal and axial 

sections from CBCT with 0.30-mm voxel. (j-k) Without filter. (l-m) “Sharpen” filter. (n-o) “Hard” 

filter. 
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5 CONSIDERAÇÕES FINAIS 

 

A partir da metodologia aplicada e dos resultados obtidos, pode-se 

concluir que: 

- a presença de pino metálico interfere significativamente no diagnóstico 

de FRV, reduzindo a acurácia dos exames periapicais e da TCFC; 

- para o diagnóstico de FRV mésio-distal, as imagens de TCFC são 

superiores às periapicais; 

- apesar da formação de artefatos metálicos associados aos pinos 

metálicos, a aplicação de filtros não melhorou o diagnóstico da FRV; 

- o tamanho do voxel interfere significativamente no diagnóstico de FRV, 

sendo que imagens de TCFC obtidas com maior espessura de corte são menos 

acuradas. 
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ANEXO B – Normas do periódico “International Endodontic Journal” 
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ANEXO C – Comprovante de submissão do artigo 

 

 

 


