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RESUMO 

 

Objetivo: Investigar a possível interferência da presença de artefatos de imagem (AI) 

gerados por implantes dentários (ID) na avaliação de lesões de furca (LF) em dentes 

molares adjacentes, e a influência sobre o diagnóstico por imagem.  

Metodologia: Foram realizadas aquisições tomográficas de primeiros molares (1M) 

superiores e inferiores inseridos em crânios secos, na presença de um e dois IDs 

fabricados em titânio (TI) e zircônia (ZI), posicionados na região de primeiros e 

segundos pré-molares, bem como na ausência de IDs. Foram simuladas as diferentes 

classes de LF no alvéolo dos 1Ms, para cada aquisição. As imagens foram avaliadas 

por três radiologistas com experiência em imagens tomográficas. A acurácia do 

diagnóstico de LF e o nível de dificuldade (ND) para tal foram verificados por meio de 

um questionário. Os resultados foram comparados através do teste do Qui-quadrado 

e regressão logística.  

Resultados: Entre os arcos, não houve diferença na acurácia de diagnóstico de LF 

(p=0,117). O maior valor de acurácia de diagnóstico para a variável ID foi encontrada 

na ausência de ID (88,3%), e o menor para a presença de 2ID de ZI (66,7%), porém 

sem diferença estatística entre elas. O maior valor de acurácia de diagnóstico para o 

grau de furca foi encontrado no Grau 0 (G0). Com relação à percepção de dificuldade 

pelos avaliadores, não houve diferença significativa entre os arcos (p>0,05). Na 

presença de ID de TI, foram consideradas difíceis 12,7% das avaliações, e 29,0% das 

avaliações na presença de 1D de ZI. Quanto ao número de IDs, foram consideradas 

difíceis 24,4% das avaliações na presença de 1ID, e 17,4% das avaliações na 

presença de 2IDs. O modelo de regressão logística apresentou valor de p significativo 

apenas para 1 e 2ID de ZI (p=0,0061 e p=0,0096), e demonstrou que a probabilidade 

esperada de uma avaliação ser considerada FC foi maior quando da presença de 2ID 

de ZI (72,0%) que quando está presente apenas 1ID de ZI (69,7%). 

Conclusão: A presença ID na região adjacente à área de investigação de LF diminui 

a acurácia diagnóstica e aumenta a percepção de dificuldade pelos examinadores, 

especialmente em casos com implantes de ZI, e exceto para casos em que haja 

integridade óssea na região de furca.  

Palavras-chave: TC Cone Beam, Lesão de furca, Implantes dentários, Artefatos de imagem, 

Acurácia diagnóstica. 
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ABSTRACT 

 

Objective: To investigate the possible interference of the presence of image artefacts 

(IA) generated by dental implants (DI) in the evaluation of furcation involvement (FI) in 

adjacent molar teeth, and the influence on diagnostic imaging. 

Methodology: Tomographic scans of upper and lower first molars (1M) were performed 

inserted in dry skulls, in the presence of one and two DIs made of titanium (TI) and 

zirconia (ZI), positioned in the region of first and second premolars, as well as in the 

absence of DIs. Different classes of FI were simulated in the alveolus of the 1Ms for 

each acquisition. Images were evaluated by three radiologists with experience in 

tomographic imaging. The diagnostic accuracy of FI and the level of difficulty (LD) for 

this was verified through a questionnaire. Results were compared using the chi-square 

test and logistic regression. 

Results: There was no difference in the diagnostic accuracy of FI between the arches 

(p=0.117). The highest diagnostic accuracy value for the DI variable was found in the 

absence of DI (88.3%), and the lowest for the presence of 2DI of ZI (66.7%). The 

highest diagnostic accuracy value for the degree of furcation was found in Grade 0 

(G0). Regarding the perception of difficulty by the evaluators, there was no significant 

difference between the arches (p>0.05). Assessments were considered difficult in 

12.7% in the presence of TI DI and 29% in the presence of ZI DI. As for the number of 

DI, assessments were considered difficult 24.4% in the presence of 1DI and 17.4% in 

the presence of 2DIs. The logistic regression model showed a significant p-value only 

for 1 and 2DI of ZI (p=0.0061, p=0.0096), and showed that the expected probability of 

an assessment being considered FC was higher when 2DI of ZI was present (72.0%) 

than when only 1DI of ZI was present (69.7%). 

Conclusion: The presence of DI in the region adjacent to the area of investigation of FI 

decreases the diagnostic accuracy and increases the perception of difficulty by the 

examiners, especially in cases with ZI implants, except for cases where there is bone 

integrity in the furcation region. 

Keywords: Cone Beam CT, Furcation involvement, Dental implants, Imaging 

artefacts, Diagnostic Accuracy.  
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LISTA DE ABREVIATURAS 

 

1ID – 1 implante dentário  

1M – primeiro molar 

1MI – primeiro molar inferior 

1MS – primeiro molar superior 

2D – bidimensional 

2ID – 2 implantes dentários 

3D – tridimensional 

AI – artefatos de imagem  

ALADA – as low as diagnostically acceptable  

DF – difícil 

DICOM – Digital Imaging and Communications in Medicine  

EF – envolvimento de furca 

FC – fácil 

FOV – field of view - campo de visão  

G0 – grau 0 

G1 – grau 1 

G2 – grau 2 

G3 – grau 3 

ID – implante dentário  

IDs – implantes dentários 

LF – lesão de furca 

MD – muito difícil 

MF – muito fácil 

MI – molar inferior  

MO – moderado 

MS – molar superior 

ND – nível de dificuldade  

TC – tomografia computadorizada 
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TCFC – tomografia computadorizada de feixe cônico 

TI – titânio 

ZI – zircônia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

SUMÁRIO 

 

 

INTRODUÇÃO ...........................................................................................................................................9 

USO DA TCFC NA ODONTOLOGIA ........................................................................................................9 

FORMAÇÃO DA IMAGEM NA TCFC ......................................................................................................9 

ARTEFATOS DE IMAGEM ................................................................................................................... 10 

AVALIAÇÃO PERIODONTAL DE DENTES MULTIRRADUCULARES ....................................................... 11 

TCFC NO DIAGNÓSTICO DE LESÕES DE FURCA ................................................................................. 12 

OBJETIVOS ............................................................................................................................................. 14 

Geral .................................................................................................................................................. 14 

Específicos ......................................................................................................................................... 14 

ARTICLE.................................................................................................................................................. 15 

ABSTRACT .......................................................................................................................................... 16 

INTRODUCTION ................................................................................................................................. 17 

METHODS .......................................................................................................................................... 18 

RESULTS ............................................................................................................................................. 22 

DISCUSSION ....................................................................................................................................... 26 

REFERENCES .......................................................................................................................................... 30 

REFERÊNCIAS BIBLIOGRÁFICAS GERAIS ................................................................................................. 34 

ANEXO 1 ................................................................................................................................................ 38 

ANEXO 2 ................................................................................................................................................ 39 

ANEXO 3 ................................................................................................................................................ 40 

ANEXO 4 ................................................................................................................................................ 41 

ANEXO 5 ................................................................................................................................................ 42 

ANEXO 6 ................................................................................................................................................ 43 

 

 

 

 

 

 

 

 



9 
 

INTRODUÇÃO 

USO DA TCFC NA ODONTOLOGIA 

  A tecnologia de tomografia computadorizada de feixe cônico (TCFC) abriu o 

caminho para o desenvolvimento de equipamentos de tomografia computadorizada 

(TC) relativamente pequenos e baratos, direcionados ao uso em imagens dento-

maxilo-faciais.  Esses promovem imagens de alta resolução e menor dose de radiação 

se comparados à TC multislice, além de ser mais precisa e confiável em relação às 

técnicas de imagem bidimensionais em várias situações clínicas. (SUKOVIC et al, 

2003; ITO et al, 2001; QIAO et al, 2014)  

  Com o aumento da demanda por planejamento de implantes dentários (ID) e 

outros tratamentos com maior segurança e previsibilidade, vários profissionais 

passaram a recorrer ao uso da TCFC. (SUKOVIC et al, 2003) Neste cenário, existem 

diretrizes internacionais que destacam as diferentes aplicações do exame e orientam 

seu uso de forma adequada.  (HORNER et al, 2015; HAYASHI et al, 2018; KIM et al, 

2019) 

FORMAÇÃO DA IMAGEM NA TCFC  

A geração de imagens na TCFC é realizada usando um dispositivo rotatório no 

qual uma fonte de raios X e um detector estão fixos. Um feixe de radiação ionizante 

em forma de cone é direcionado através da área de interesse para um detector de 

raios X na área oposta. A fonte de raios X e o detector giram em torno de um ponto 

de rotação fixo no centro da região de interesse. Durante a rotação, são adquiridas 

imagens múltiplas (de 150 a mais de 600) de projeção planar sequencial do campo de 

visão (field of view - FOV). Esse procedimento difere de um aparelho de TC multislice, 

que usa um feixe de raios X em forma de leque, em uma progressão helicoidal, que 

adquire fatias de imagem individuais do FOV e depois une as fatias para obter uma 

representação 3D. Cada feixe exige uma varredura individual e reconstrução 2D 

individual. Como a exposição da TCFC incorpora todo o FOV, apenas uma sequência 

rotacional é necessária para adquirir dados suficientes para a reconstrução da 

imagem. (SUKOVIC et al, 2003; ITO et al, 2001; SCARFE e FARMAN, 2008). 
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As informações da imagem da TCFC são compostas por voxels, identificados 

por um valor de cinza que reflete o grau de atenuação dos raios X ao passar pelo 

objeto em estudo. Os valores de cinza são fortemente afetados pelas características 

do objeto, como densidade e número atômico (Z). Como os metais apresentam 

densidades físicas e números atômicos mais elevados do que os elementos 

constituintes dos tecidos moles e mineralizados, eles promovem maior endurecimento 

dos raios X. Nessa interação, os fótons de menor energia são absorvidos pelo objeto 

em preferência aos fótons de maior energia, resultando em aumento da potência 

média do feixe e na produção de artefatos de imagem (AI). (SCARFE e FARMAN, 

2008; MACHADO et al, 2018)  

ARTEFATOS DE IMAGEM 

Artefatos são estruturas formadas após a aquisição da imagem, que não 

correspondem às reais características das regiões avaliadas. Estão relacionados às 

propriedades físicas das estruturas e também a algoritmos matemáticos relacionados 

aos equipamentos de TCFC.  Alguns tipos de artefatos são causados pelo alto número 

atômico e densidade de materiais utilizados na odontologia, tais como IDs. A maioria 

dos IDs comercializados atualmente são constituídos de titânio (TI) ou zircônia (ZI), 

materiais bastante densos que causam inevitavelmente a formação de AI. 

(MACHADO et al, 2018; FONTENELE et al, 2018; PAUWELS et al, 2015) 

A presença de AI geralmente resulta na deterioração da qualidade da imagem 

nas proximidades dos objetos de origem, representados na imagem como estruturas 

lineares, faixas e sombras organizadas ao longo da projeção. Além do endurecimento 

do feixe, os efeitos de ruído e dispersão também impactam a qualidade da imagem. 

Quando associados, eles tendem a causar a formação de AI do tipo sombras, linhas 

e faixas escuras entre objetos densos. Cabe destacar que o exame de TCFC não é 

considerado como o de primeira escolha para avaliação após instalação de IDs. No 

entanto, em exames solicitados para outros fins, a presença de IDs pode comprometer 

a qualidade da imagem. (SUKOVIC et al, 2003; FONTENELE et al, 2018; PAUWELS 

et al, 2015; BENAVIDES et al, 2012) 

Muitos estudos têm avaliado as características e os fatores que interferem na 

formação de tais artefatos, incluindo posição do ID na arcada, número de IDs e 
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diferentes regiões do ID. Machado et al. (2018) demonstraram 

que IDs mandibulares apresentam maior formação de artefatos que IDs 

maxilares, anteriores mais que posteriores, e a região cervical é mais afetada pela 

formação de artefatos que as demais regiões do ID. O estudo in vitro de Schulze et al. 

(2010) nos mostra que devido à alta densidade dos IDs fabricados em TI, outro efeito 

está presente: a área diretamente adjacente ao ID sofre com a ausência de dados 

para o processo de reconstrução.  Os resultados indicam que o endurecimento do 

feixe afeta fortemente a qualidade de reconstrução da TCFC devido ao fato de que os 

dados de projeção utilizados como base para o processo de reconstrução não 

corresponderem ao modelo simplificado subjacente à reconstrução 3D baseada em 

retroprojeção. O endurecimento do feixe sozinho torna as regiões reconstruídas 

próximas à superfície dos IDs de TI ou na linha de conexão entre dois ou mais IDs 

não confiáveis.  

A presença de AI gerados por ID pode afetar, ou talvez mascarar, a avaliação 

de estruturas adjacentes aos mesmos. Esta avaliação deve ser feita com cuidado, e 

o conhecimento sobre a intensidade e distribuição dos AI auxilia em um correto 

diagnóstico. (SANCHO-PUCHADES et al, 2015; KOCASARAC et al, 2019) 

AVALIAÇÃO PERIODONTAL DE DENTES MULTIRRADUCULARES 

A morfologia singular do complexo radicular de dentes multirradiculares é um 

dos fatores que favorece o desenvolvimento e evolução de lesões periodontais na 

região de furca. (MULLER e EGER, 1999) De acordo com o Glossário de Termos da 

Academia Americana de Periodontia (AMERICAN ACADEMY OF 

PERIODONTOLOGY), lesão de furca (LF) é a perda óssea causada pela doença 

periodontal na região de bi ou trifurcação em um dente multirradicular. As LF podem 

ser divididas da seguinte forma, segundo a classificação de Hamp et al. (1975), 

amplamente utilizada na literatura:   

Classe I - caracterizada pela perda horizontal do tecido de suporte menor que 3mm; 

Classe II - caracterizada pela perda horizontal do tecido de suporte maior que 3mm, 

porém sem atingir toda sua extensão; 



12 
 

Classe III - caracterizada pela perda horizontal dos tecidos de um lado a outro 

da furca.  

  O estudo de Graetz et al (2015) demonstrou que os molares na maxila (MS) 

apresentaram risco significativamente maior de perda dentária do que os da 

mandíbula (MI).  Esse aumento de risco não pode ser atribuído apenas à maior 

prevalência de envolvimento de furca (EF) nos MS (25-72%) do que nos MI (16-50%) 

ou ao fato de que os MS apresentaram perda óssea avançada mais frequentemente 

do que os MI . Dados anteriores indicaram que a progressão da perda de inserção foi 

maior nos MS que em MI, o que pode ser explicado principalmente pelo acesso mais 

difícil à furca. A anatomia específica dos MS e as diferentes densidades ósseas na 

parte superior, em comparação com a mandíbula, podem ser outros fatores que 

afetam a manutenção dos dentes.  

TCFC NO DIAGNÓSTICO DE LESÕES DE FURCA 

 Evidências atuais indicam o uso de radiografias intrabucais e a sondagem 

clínica como o padrão-ouro para avaliação das estruturas periodontais. Existem 

poucas evidências que apoiam a TCFC como substituto de rotina à imagem 2D para 

o planejamento do tratamento da periodontite. Entretanto, as imagens da TCFC 

podem adicionar informações importantes para o planejamento do tratamento do caso 

de periodontite severa. (MANDELARIS et al, 2017)  

  Informações limitadas sobre os tecidos periodontais de molares e o 

osso interradicular a partir de avaliação clínica e radiográfica podem levar a decisões 

clínicas inapropriadas. Alterações no plano de tratamento durante o período trans-

operatório de avaliação de furca são uma das consequências desagradáveis dessa 

limitação. (WALTER et al, 2011) 

A acurácia da TCFC em captar imagens de LF tem sido avaliada em estudos 

in vitro e in vivo, e confirmadas perante avaliações trans-operatórias. Uma ampla 

gama de defeitos periodontais tem sido identificada e quantificada com essa 

ferramenta. Além disso, a TCFC permite a elaboração de um 

planejamento cirúrgico mais detalhado em casos de ressecção radicular. As imagens 



13 
 

obtidas com a TCFC tem sido uma base confiável para construção de tomadas de 

decisão clínica. (QIAO et al, 2014; WALTER et al, 2011; CHOI et al, 2018) 

O estudo de Qiao et al. (2014) avaliou pacientes com periodontite crônica 

avançada generalizada, que foram tratados não cirurgicamente. Nos MS considerados 

para cirurgia de furca devido ao aumento do EF e/ou profundidade da sondagem 

durante a reavaliação, a TCFC foi realizada e o grau de LF foi avaliado nas imagens. 

As avaliações transcirúrgicas de LF foram comparadas com dados derivados da 

TCFC. No geral, 84% dos dados da TCFC foram confirmados pelos achados 

transcirúrgicos (Kappa ponderado = 0,926, intervalo de confiança de 95%: 0,681-1,0). 

Assim sendo, imagens de TCFC demonstram alta precisão na avaliação da perda de 

tecido periodontal e na classificação do grau de LF em MS.  

Em revisão sistemática realizada por Haas et. al. (2018), foram identificados 16 

estudos e, em sete artigos, foi realizada a metanálise. Os resultados dessa metanálise 

mostraram que não houve diferença entre as medidas da TCFC e in situ para perda 

óssea alveolar e demonstraram concordância de 82,82% entre a TCFC e in situ para 

a classificação do grau de LF.  

As medidas diagnósticas obtidas com a TCFC facilitam o planejamento mais 

detalhado do tratamento cirúrgico, proporcionando uma decisão clara sobre as 

intervenções necessárias e a melhor compreensão sobre a situação real das raízes. 

Como a detecção precisa do EF e a avaliação da morfologia radicular afetam 

diretamente o diagnóstico, a TCFC é essencial para a escolha do tratamento e da 

terapia endodôntica pré-operatória, podendo até levar à decisão de não realizar o 

procedimento cirúrgico planejado. (WALTER et al, 2011) 

Os IDs são cada vez mais utilizados na reabilitação de pacientes edêntulos 

parciais ou totais. Devido à interferência da presença de IDs na avaliação de 

estruturas ósseas e dentárias, como já citado anteriormente, é importante que 

conheçamos todas as limitações de indicação e interpretação quando da presença de 

IDs adjacentes às regiões de interesse. Dentro deste contexto, o objetivo do presente 

estudo é avaliar a influência dos AI causados por ID de TI e ZI em exames de TCFC 

na avaliação de LF em molares. 



14 
 

 

 

OBJETIVOS 

Geral  

Avaliar lesões de furca em primeiros molares superiores e inferiores por meio 

de exames de TCFC e a interferência de artefatos de imagem causados pela presença 

de implantes dentários adjacentes.  

Específicos  

Comparar a interferência de artefatos de imagem na detecção e classificação 

de lesões de furca em molares superiores e inferiores adjacentes à um ou dois 

implantes dentários de zircônia e de titânio;  

Comparar a autopercepção quanto ao grau de dificuldade para a interpretação 

das imagens nos diferentes grupos (molares inferiores e superiores, um ou dois 

implantes adjacentes e tipo de material dos implantes). 
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ABSTRACT 

 

Objective: To investigate the possible interference of the presence of image artefacts 

(IA) generated by dental implants (DI) in the evaluation of furcation involvement (FI) in 

adjacent molar teeth, and the influence on diagnostic imaging. 

Methodology: Tomographic scans of upper and lower first molars (1M) were performed 

in dry skulls in the presence of one and two DIs made of titanium (TI) and zirconia (ZI). 

These were positioned in the region of first and second premolars, as well as in the 

absence of DIs. Different classes of FI were simulated in the alveolus of the 1Ms for 

each acquisition. Images were evaluated by three radiologists with experience in 

tomographic imaging. The diagnostic accuracy of FI and the level of difficulty (LD) was 

verified through a questionnaire. LDs were compared using the chi-square test and 

logistic regression. 

Results: There was no difference in the diagnostic accuracy of FI between the arches 

(p=0.117). The highest diagnostic accuracy value for the DI variable was found in the 

absence of DI (88.3%), and the lowest for the presence of 2DI of ZI (66.7%). The 

highest diagnostic accuracy value for the degree of furcation was found in Grade 0 

(G0). Regarding the perception of difficulty by the evaluators, there was no significant 

difference between the arches (p>0.05). Assessments were considered difficult in 

12.7% in the presence of TI DI and 29% in the presence of ZI DI. As for the number of 

DI, assessments were considered difficult 24.4% in the presence of 1DI and 17.4% in 

the presence of 2DIs. The logistic regression model showed a significant p-value only 

for 1 and 2DI of ZI (p=0.0061, p=0.0096), and showed that the expected probability of 

an assessment being considered FC was higher when 2DI of ZI was present (72.0%) 

than when only 1DI of ZI was present (69.7%). 

Conclusion: The presence of DI in the region adjacent to the area of investigation of FI 

decreased the diagnostic accuracy while increasing the perception of difficulty by the 

examiners, especially in cases with ZI implants, except for cases where there is bone 

integrity in the furcation region. 

Keywords: Cone Beam CT, Furcation involvement, Dental implants, Imaging 

artefacts, Diagnostic Accuracy.  
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INTRODUCTION 

The singular morphology of the root complex of multirooted teeth is one of the 

factors that favors the development and evolution of periodontal lesions in the furcation 

region (1)(2). Limited information about periodontal tissues of molars and interradicular 

bone from clinical and radiographic evaluation can lead to inappropriate clinical 

decisions. Changes in the treatment plan during the perioperative period of periodontal 

surgery are one of the unpleasant consequences of this limitation (3).  

The accuracy of cone-beam computed tomography (CBCT) to capture images 

of furcation involvement (FI) has been evaluated in in vitro and in vivo studies and 

confirmed in intraoperative assessments. A wide range of periodontal defects has been 

identified and quantified with this tool. In addition, CBCT allows the elaboration of a 

more detailed surgical planning in cases of root resection and rhizectomy. Images 

obtained with CBCT have been a reliable basis for building clinical decision-making 

(3)(4)(5)(6)(7)(8)(9).  

However, CBCT images can present image artifacts (IA) depending on atomic 

number (Z) and density of object under evaluation. The presence of IA often results in 

image quality deterioration in the vicinity of the source of distortion, such as dental 

implants (DI). These appear in the image as linear structures, bands, and shadows 

arranged along the projection. Most DIs sold today are made of titanium (TI) or zirconia 

(ZI), high density materials that inevitably cause IA (10)(11)(12)(13)(14).  

DIs are increasingly used in the rehabilitation of partially or totally edentulous 

patients The interference caused by the presence of IA generated by them in the 

evaluation of tomographic images is widely studied. It is important to keep in mind the 

limitations in image interpretation caused in the presence of DIs adjacent to the regions 

of interest, and little is known about the interference of IA in the diagnosis of FI. Thus, 

the aim of the present study is to evaluate the influence of IA caused by DI of TI and 

ZI on CBCT scans in the evaluation of FI in molars. 
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METHODS 

This study was approved by the Research Committee and the Research Ethics 

Committee of the Federal University of Rio Grande do Sul, under protocol number 

4,436,119. 

 Dry maxillae and mandibles were provided by the Anatomy Laboratory of the 

Feevale University (Novo Hamburgo, RS, Brazil). The inclusion criteria for the selection 

of anatomical specimens were to display at least one first molar (1M) present; and to 

display intact supporting bone tissue. In total, 3 maxillae and 4 mandibles fulfilled the 

selection prerequisites, adding up to 11 1M, corresponding to 5 upper and 6 lower 

teeth. 

Simulations of grades 1 (G1), 2 (G2) and 3 (G3) FI were performed on all teeth. 

After determining the furcation entry region (i.e., the region where the separation of the 

root cones begins), the bone wear of the furcation region was performed using No. 1 

spherical carbide and 701 conical drills (KG Sorensen, São Paulo, Brazil), in a straight 

handpiece. A millimeter probe was used to check the depth of each of the wear stages, 

which followed the classification provided by Hamp et. al (15), and were confirmed 

through measurements performed on tomographic images. The absence of FI was 

referred to as grade 0 (G0). For maxillary molar teeth (U1M), bone wear started in the 

buccal furcation region and extended to the mesial furcation region. Figure 1 illustrates 

the different degrees of injury in a 1MI tooth. 

 
Figure 1 Different degrees of furcation involvement on tooth 36. A, grade 0; B, grade 1; C, grade 2; D, grade 3; 1, coronal 

section; 2, sagittal section; 3, axial section. 
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Virtual planning for guided surgery was performed for the DI installation, and the 

surgical guides were printed on an SLA printer with translucent resin fillings. The goal 

of guided surgery was to standardize the position of DIs in all anatomical pieces, and 

to bring surgical plans closer to real clinical situations. The software Blueskyplan 

version 4.8, BlueSkyBio (Grayslake, IL. USA) was used for planning the surgery and 

construction of the guides. The DIs under evaluation were donated by the dentists who 

collaborated to this study. The DIs have the following specifications: same installation 

protocol, same diameter (5mm), same length (13mm) and same shape with similar 

body design. White Implants branded ZI DI, and Zimmer Biomet branded TI DI. They 

were positioned in the first and second premolars region, and according to the following 

parameters: the first DI was placed next to the mesial of the 1M, in a distance 

equivalent to the minimum space for inserting the standard metallic washer used by 

the software in the surgical guide (2.4mm). The second DI was installed in parallel to 

the first through a planning software resource with a standard distance of 3mm. The 

DIs were inserted into the bone in such a way that the polished collars of the ZI DIs 

remained suprabony (per manufacturer's recommendations), and the TI DIs remained 

infrabony (16)(17)(18)(19). The surgical kit from the company S.I.N (S.I.N Implant 

System, São Paulo, SP, Brazil) was used to install the DIs, as it allows a preparation 

compatible with both brands, and has a pipeline compatible to the software  

Blueskyplan. Figure 2 illustrates the position of the DIs in relation to the 1Ms.  

 
Figure 3 Titanium dental implants located in the regions of the premolar teeth. 

 

Tomographic acquisitions were performed on Veraviewepocs 3D R100 CBCT 

scanner (J.Morita Corp., Japan). Acquisition standards followed the literature, 

manufacturer's recommendations, and the international guidelines for FI assessment 

(4)(7)(14)(20). These are: use of 40x40mm field of view (FOV), maximum kilovoltage 
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and milliamperage (90kV and 80mA) and 0.125 reconstruction voxel. First molar teeth 

were centered within the FOV. Images were performed with anatomical pieces 

immersed in water, inside an acrylic container, to simulate the soft tissues attenuation 

of radiation (21).  

Image acquisitions of the U1M and lower first molars (L1M) regions were 

performed in stages. First, without the presence of DI and with intact supporting bone 

tissue (G0). Second, with one and two ZI DIs and with one and two TI DIs, still in G0. 

Subsequently, we performed the bone wear equivalent to G1, and then the acquisitions 

without the presence of DI, with one and two implants of ZI and TI, respectively. The 

same procedure was repeated for the wear equivalent to G2 and G3. Images obtained 

without the presence of DIs were considered as the control group for determining the 

degree of FI present. The process was repeated for all 1M, generating a total of 215 

tomographic acquisitions. In the acquisitions carried out in the presence of 2DI, only 

the same material IDs (TI or ZI) were used. Figure 3 illustrates the interference of IA 

generated by 2DI of ZI, in the three anatomical sections. 

 

Figure 3 Imaging artifacts generated by two zirconia dental implants in the region of tooth 36. 
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 The flowchart (Figura 4) illustrates the imaging acquisition scheme.  

Figure 4 A flowchart illustrating the imaging acquisition scheme. 

Three dental radiologists with more than 10 years of experience in CBCT 

images evaluated the images. Additional training was provided to the evaluators 

focusing on the instruction for the correct identification of different degrees of furcation 

lesion in tomographic images. The software Radiant DICOM Viewer (Copyright © 

2009-2021 Medixant. Poznan, Poland) was used for this evaluation. Examiners 

evaluated the images in their work environment and were able to freely adjust the 

zoom, ruler and brightness and contrast adjustment tools. DICOM files were made 

available through Google Drive (Google, INC. Mountais View, California, USA). 

A questionnaire was applied to the evaluators through to assess the interference 

of the presence of DI in the diagnosis of FI and the perception of diagnostic difficulty. 

The questionnaire contained two questions for each DICOM file. First question 

regarded the degree of FI present in the image, with the following alternatives for 

answer: G0, G1, G2 and G3. Second, the level of difficulty (LD) perceived by the 

examiner to identify the degree of FI present, using a Likert scale with the following 

alternatives: very easy (VE), easy (ES), moderate (MO), difficult (DF) and very difficult 

(VD). Thirty percent of the images were sampled without the presence of DIs were 

used as calibration set for evaluators. They answered only the first question of the 

questionnaire in this phase. Calibration period lasted 15 days. 
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For the subsequent evaluation, the samples were divided into 20 groups 

selected at random. Sets were adjusted so that each group received a similar number 

of images of the maxilla and mandible, and with and without DI, to avoid 

overrepresentation of images from the same region within the same group. The 

deadline for evaluating the images was 52 days. 

The mode of evaluators' responses regarding the FI diagnosis for each image 

was compared to the control group, to evaluate the correct diagnoses. The mode of 

the LD from each evaluation was utilized to analyze the variables of interest, including 

degree of FI, number and material of DIs, arch of origin of the 1M tooth, and the 

diagnostic successes. Statistical analysis was performed in Software R (www.r-

project.org), version 4.1.1. Variables were compared two by two, using the chi-square 

test with Bonferroni correction for multiple testing, and a logistic regression model. 

The DI material and DI number variables were grouped to optimize the statistical 

evaluation, forming the variable called just DIs. The LD variable was analyzed in two 

ways: in 5 levels on a Likert scale, mentioned above, and later recategorized into two 

levels (dichotomized) - ES and DF, due to the fact that, in some of the levels (VD, for 

example) terms obtained a very low number of evaluations. In the dichotomization, DF 

category then began to encompass the VD, DF and MO levels. 

RESULTS 

Intra and inter-observer agreements presented values of 0.88 and 0.79 

(weighted kappa coefficient), respectively. 

Table 1 shows the diagnostic accuracy values for each variable. 

Table 1 Diagnostic accuracy of furcation involvement for each variable    

 p value   HIT ERROR Total 

ARCH p = .111 UPPER 86 (86%) 14 (14%) 100 (100%) 

  LOWER 88 (77%) 27 (23%) 115 (100%) 

  Total 174 41 215 

IMPLANTS  p = .263 WITHOUT DI 38 (88%) 5 (12%) 43 (100%) 

  1 TI 36 (83%) 7 (17%) 43 (100%) 

  2 TI 35 (81%) 8 (19%) 43 (100%) 

  1 ZI 35 (81%) 8 (19%) 43 (100%) 

  2 ZI 30 (69%) 13 (31%) 43 (100%) 
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  Total 174 41 215 (100%) 

DEGREE OF FI p < .001 G0 54 (100%)a 0 (0.0%)b 54 (100%) 

  G1 42 (68%)b 19 (32%)a 61 (100%) 

  G2 41 (93%) 3 (7%) 44 (100%) 

  G3 37 (66%)b 19 (34%)a 56 (100%) 

    Total 174 41 215 

a, positive association; b, negative association.      

The diagnostic accuracy values in the maxilla and mandible show a high 

percentage of hits, with no statistical difference between them (p=0.117). 

Diagnostic accuracy for the DI variable ranged between 69.7% and 88.3%, with 

the highest value associated with the absence of DI, and the lowest value with the 

presence of 2DI of ZI. Results indicate that the presence of DI reduces the diagnostic 

accuracy. TI interfered less than ZI, especially when 2DI are present, however, this 

difference was not statistically significant. 

 The overall accuracy of FI diagnosis was 80.9%, and accuracy values for the 

various degrees ranged between 66.0% and 100%, with the highest value for G0. G0, 

G1 and G3 showed a significant association with correct diagnosis (p=0.001, p=0.01 

and p=0.003 respectively), however this association was negative for G1 and G3. 

Figure 4 shows the ROC curve for diagnosis of different degrees of furcation. 

G0 provided the highest accuracy. A higher percentage of error was observed under 

the presence of lesions G1 and G3. The lowest specificity value was found in G2.  
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Figure 4 Roc curve for different furcation degrees 

Table 2 provides the evaluators’ responses allocated to each LD, distributed 

among the study variables. Most assessments were considered ES and VE. 

Table 2 Diagnostic difficulty level assigned to each variable       

   LEVEL OF DIFFICULTY    

 p value   VD DF MO ES VE 

ARCH p = .289 UPPER 4 (4%) 9 (9%) 6 (6%) 24 (24%) 57 (57%) 

  LOWER 4 (3%) 7 (6%) 8 (7%) 16 (14%) 80 (69%) 

  Total 8 16 14 40 137 

IMPLANTS p = .031 WITHOUT DI 1 (2%) 1 (2%) 0 (0%) 5 (11%) 36 (83%)a 

  1 TI 2 (4%) 3 (7%) 3 (7%) 9 (21%) 26 (60%) 

  2 TI 1 (2%) 1 (2%) 1 (2%) 12 (28%) 28 (65%) 

  1 ZI 1 (2%) 8 (18%)a 4 (9%) 6 (14%) 24 (56%) 

  2 ZI 3 (6%) 3 (6%) 6 (14%) 8 (18%) 23 (53%) 

  Total 8 16 14 40 137 

DEGREE OF FI  p < .001 G0 0 (0%) 1 (2%) 1 (2%) 2 (3%)b 50 (93%)a 

  G1 1 (1%) 5 (8%) 3 (5%) 16 (26%) 36 (59%) 

  G2 4 (9%) 2 (4%) 4 (9%) 13 (30%) 21 (47%) 

  G3 3 (5%) 8 (14%) 6 (11%) 9 (16%) 30 (53%) 

  Total 8 16 14 40 137 

HIT p < .001 ERROR 4 (10%) 6 (14%) 8 (20%)a 11 (27%) 12 (29%)b 

  HIT 4 (2%) 10 (5%) 6 (4%)b 29 (17%) 125 (72%)a 

    Total 8 16 14 40 137 

VE, very easy; ES, easy; MO, moderate; DF, difficult; VD, very difficult; a, positive association; b, negative association. 

For diagnostics of LD, there was a greater difference in relative values between 

the arches in the assessments considered ES and VE (Table 2). A smaller difference 

between the arches values was observed when LD dichotomization was performed 

(ES and DF – Table 3). However, these were not statistically significant (p=0.289 and 

p=0.7673). 

Table 3 Diagnostic difficulty level assigned by examiners recategorized into two levels 

     Nível de dificuldade   

 p value    DF ES Total 

ARCH p = .767 UPPER 19 (19%) 81 ( 81%) 100 (100%) 

  LOWER 19 (17%) 96 (83%) 115 (100%) 

  Total 38 177) 215 ) 

IMPLANTS p = .002 WITHOUT DI 2 (5%) 41 (95%) 43 (100%) 

  1 TI 8 (19%) 35 (81%) 43 (100%) 

  2 TI 3 (7%) 40 (93%) 43 (100%) 

  1 ZI 13 (31%) 30 (69%) 43 (100%) 

  2 ZI 12 (28%) 31 (72%) 43 (100%) 

  Total 38 117 215 

DEGREE OF FI p = .002 G0 2 (4%) 52 (96%)a 54 (100%) 

  G1 9 (4%) 52 (96%) 61 (100%) 

  G2 10 (23%) 34 (77%) 44 (100%) 
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  G3 17 (31%) 39 (69%)b 56 (100%) 

  Total 38 177 215 

HIT p < .001 ERROR 18 (44%)a 23 (56%)b 41 (100%) 

  HIT 20 (12%)b 154 (88%)a 174 (100%) 

    Total 38 177 215 

DF, difficult; ES, easy;  a, positive association; b, negative association.   

 In the association between LD and DI, 82.3% of the assessments were 

considered ES and VE. In cases where there was no DI, this value was 95.3%. In 

cases where there were DIs, the average value was 79.0%. Significant and positive 

association was also identified between Absence of DI and VE (p=0.0028), as well as 

between 1DI of ZI and DF (p=0.022) (Table 2). 

In table 3, 12.7% of the assessments on average were considered difficult in the 

presence of TI DI, and 29.0% of the assessments in the presence of 1DI of ZI. 

Regarding the number of DIs, 24.4% of the evaluations in the presence of 1DI were 

considered difficult, and 17.4% of the evaluations in the presence of 2DIs.  

The logistic regression model was applied to further assess the association 

between LD and DI. It showed a significance only for 1 and 2DI of ZI (p=0.0061 and 

p=0.0096), and showed the expected probability of an assessment being considered 

ES was higher when 2DI of ZI was present (72.0%) than when it is present. only 1DI 

of ZI (69.7%). 

In view of the different degrees of FI, 82.3% of the assessments were 

considered ES or VE (Table 2). With 5 LD categories, it was observed a significant 

association between G0 and VE (p<0.001), and a significant negative association 

between G0 and ES (p=0.01). When the LD was dichotomized, there was a significant 

association between G0 and ES (p=0.0074), and a significant negative association 

between G3 and ES (p=0.01). 

 Analyzing the variables “hit” (i.e., correct predictions) and LD, we obtained a 

negative association for MO (p<0.001) and a positive association for VE (p<0.001) 

(Table 2). When the LD variable is dichotomized, significant values are observed for 

both ES (p<0.001) and DF (p<0.001). The logistic regression model with p<0.001 

indicates that it is much more likely to consider the ES diagnosis when there is a hit 

(88.5%) than when there is an error (56.0%). 



26 
 

DISCUSSION 

The present study assessed the influence of IA caused by TI and ZI DIs in CBCT 

exams in the evaluation of FI in molars by verifying the accuracy of the diagnosis and 

the perception of the LN by evaluators. It had been established in the literature that the 

presence of pieces of metallic material in the mouth generates IA in CBCT exams 

(22)(23)(24)(25)(26), and that ZI DIs produce more pronounced IA than other 

materials, such as TI and titanium-zirconia alloy (27)(28)(29). In agreement with these 

findings, our study showed a higher diagnostic accuracy value (88.3%) in the absence 

of DI in the images.   

Freitas et al. (2019) showed lower accuracy in detecting root fractures when 

teeth are close to DI of ZI, using similar parameters to the present study, and the study 

by Fontelene et al. (2021) points out that the presence of ZI DI impairs the diagnosis 

of root fractures in neighboring teeth, even with mA optimization and use of metal 

artefact reduction (MAR) tool. Our results suggest that the presence of DI of ZI as a 

factor of negative influence both for the perception of LN and for the diagnostic 

accuracy of FI in adjacent teeth, however without significant interference of DI of TI in 

this perception.  

Literature is scarce regarding studies comparing the formation of artifacts in the 

presence of one or more DIs, as well as in the maxilla and mandible. Machado et al. 

(2018) evaluated the amount of IA formed by adjacent DIs and solitary DI located in 

the two arches, and found no significant difference related to the number of DIs in the 

formation of IA. However, the position of DIs in the arcade had not been standardized. 

Conversely, the position of the DIs was standardized our study and a lower value of 

diagnostic accuracy was found in cases where 2DI of ZI were present in the image.   

The evaluators' perception of difficulty indicated it was harder to diagnose in the 

presence of ZI DI. In addition, diagnoses made in the presence of ZI DI, in general, 

were less accurate. However, the examiners found exams with 2DIs to be easier than 

those with 1DIs, even though the accuracy of these exams was lower. Thus, it appears 

that the perception of ease does not always imply an improvement in diagnostic 

accuracy. This is also related to the visual acuity of each evaluator. Despite the efforts 

of this study to better assess this aspect, the difference in magnitude of IA formation 
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generated by 1 or more DIs is still unclear, and further studies are needed for a better 

understanding. 

Regarding the difference between the arches, Machado et al. (2018) showed 

greater formation of IA next to the DI located in the mandible, particularly in the center 

and apical third. In the cervical third, there was no significant difference in IA formation 

between the arches. This result corroborates our findings, where the focus of the 

evaluation is the artifacts generated in the cervical region of the DI, which interfere the 

most in the cervical and furcation region of adjacent teeth, considering physical aspects 

of artifact formation. In addition, no significant difference was found between the 

arches, both in terms of accuracy and in terms of the perception of the diagnostic LD. 

For the different degrees of FI, the general accuracy for the correct diagnosis 

(80.9%) indicate that despite the presence of IA there is little diagnostic error in the 

evaluations. Perfect accuracy (100%) in the assessments of G0 indicates that in a 

situation of bone integrity the diagnosis is not influenced by IA. Likewise, G2 also 

showed a high accuracy value. However, lower accuracy values were observed in the 

identification of G1 and G3. The variation in the accuracy values shows us less correct 

diagnosis when the FI extremes are present. This suggests that the presence of IA 

interferes with correct assessment of extent of bone loss, which may be related to 

intrinsic conceptualization of extent of FI by the evaluators. Furthermore, difficulty in 

locating the exact cut to be evaluated could also be related to lower diagnostic 

accuracy. 

Large number of assessments considered ES and VE (Table 2) and ES (Table 

3) shows us general perception of little difficulty in diagnosing FI. This is more evident 

in situations of bone integrity (G0). As for G3, with fewer assessments considered ES 

than expected, the presence of IA may have interfered in detection of extent of bone 

loss by the evaluators. When the 5 LD categories are considered, G0 presented fewer 

evaluations considered ES. This may be related to the fact that the vast majority of 

categorizations for this condition were VE. 

Positive association between perception of the LD VE and the percentage of 

hits shows that there were more hits than expected when the assessment was 

considered VE, which was already expected. For the LD MO, the association with the 
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percentage of correct answers was negative. Although there is no statistical 

significance in the LD DF and VD in this context, from the LD MO onwards there is a 

decrease in the diagnostic accuracy made by the examiners, which can show us that 

in a situation of doubt, insecurity may have led to error of diagnosis. 

Tomographic acquisitions in the present study were performed with parameters 

that aim at a better image quality of the furcation region, i.e., with less noise and IA 

generation (4)(7)(30). According to Pauwels et al. (2014), increasing kV and mA 

decreases image degradation but generates an increase in radiation dose (31). On the 

other hand, Pinto et al. (2017) when evaluating the influence of acquisition parameters 

in the detection of root fractures did not show significant results (32). Our study was 

not focused on assessing the influence of parameter variation on diagnosis. However, 

the use of optimized acquisition parameters may have contributed to the high values 

of accuracy and general assessments of low LD in the presence of IT DI. The choice 

of parameters when performing tests on patients must always be cautious, following 

the ALADA principle.   

Although the arches are immersed in water to mimic the attenuation of soft 

tissue radiation, this is not enough to simulate a real clinical situation due to the 

absence of the surrounding musculature, vertebrae and tongue, as well as the absence 

of micro movements, which enhance the generation of artifacts (33). Spin-Neto et al 

(2020) using robots to simulate micromovements showed the diagnostic accuracy of 

apical periodontitis in CBCT images was influenced by the presence of movement 

artifacts. Depending on the amount of movement during image acquisition there may 

be inconsistencies in their reconstruction, causing the appearance of small blurred 

areas up to more severe IA (34)(35). Furthermore, the presence of metallic materials 

located outside the FOV can also have a negative influence on the image (22). The 

present study sought to evaluate the presence of adjacent 1 and 2DI in the diagnosis 

of different degrees of FI in the same individual, which is only possible in an ex-vivo 

study. Therefore, such interference caused by the IA formed under the presence of DI 

could be greater if the aforementioned factors were present. 

The present study used a convenience sample. Due to the Coronavirus 

pandemic, access to educational institutions laboratories has been restricted, and part 
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of the necessary material indicated by the sample calculation cannot be collected. 

Although this may indicate a limitation of the present study, the results obtained 

showed a high level of agreement with the pre-existing literature regarding the aspects 

addressed.  

The study concludes the presence of DI in the region adjacent to the area of 

investigation of FI decreases the diagnostic accuracy and increases the perception of 

difficulty by the examiners, especially in cases with ZI implants, and except for cases 

in which there is bone integrity in the furcation region. 
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