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RESUMO 
 

 

A sinusite maxilar de origem odontogênica é encontrada em cerca de 10% a 12% 

dos casos de sinusite maxilar. Algumas raízes de dentes posteriores superiores 

podem estar muito próximas ou invaginadas para o interior do seio maxilar. Nestes 

casos podem facilitar o desenvolvimento ou perpetuação da sinusite crônica, quando 

associadas a problemas dentais. Assim, deve-se sempre considerar a relação 

anatômica do seio maxilar com as raízes dentárias no diagnóstico das alterações 

pulpares e periapicais, no tratamento endodôntico e procedimentos cirúrgicos. O 

objetivo deste trabalho foi avaliar, a partir de imagens de tomografia 

computadorizada de feixe cônico, a relação de proximidade entre os ápices 

radiculares de dentes superiores posteriores (segundo pré-molar, primeiro molar e 

segundo molar) com as corticais do seio maxilar e as corticais ósseas vestibular ou 

palatina. Para isso, serão determinadas as distâncias entre os ápices radiculares e 

as corticais mais próximas. As mensurações foram realizadas a partir de cortes axial 

e coronal no software i-CAT® Vision, e após, foram classificadas em três grupos, G1 

– ápice radicular dentro do seio maxilar, G2 – ápice radicular até 1 mm da cortical do 

seio maxilar, G3 – ápice radicular com mais de 1 mm da cortical do seio maxilar. 

Observou-se que com o aumento da idade há uma maior proximidade dos dentes 

avaliados com a cortical óssea (p< 0.05) e uma menor proximidade do 2M (p=0.005), 

com o seio maxilar. 207 molares (45,8%) apresentaram pelo menos uma das raízes 

dentro do SM. No grupo 2, não houve diferença entre os dentes avaliados. No grupo 

3, os 2PM apresentaram-se mais frequentes (72%) que os 1M e 2M. Com o aumento 

da idade, existe uma maior proximidade dos dentes com a cortical óssea e uma 

menor proximidade com o seio maxilar. A raiz mésio-vestibular do 2M superior é a 

raiz mais próxima da cortical sinusal, enquanto o 1M superior é o dente mais 

próximo da cortical óssea alveolar. 

 

 

 



Palavras chaves: sinusite maxilar odontogênica, tomografia computadorizada de 

feixe cônico, dentes posteriores. 

 

ABSTRACT 

 

 

The odontogenic maxillary sinusitis is found in about 5% to 10% of cases of maxillary 

sinusitis. Some roots of upper posterior teeth may be too close together or 

invaginated into the maxillary sinus. In these cases can facilitate the development 

and perpetuation of chronic sinusitis, when associated with dental problems. Like 

this, one should always consider the anatomical relationship of the maxillary sinus 

with the dental roots in the diagnosis of pulp and periapical changes in endodontic 

treatment and surgical procedures. The objective of this study is to evaluate, from 

images obtained through computed tomography cone-beam, the close relationship 

between the root tips of upper posterior teeth, second premolar, first molar and 

second molar, with the sinus cortical jaw, buccal and palatal. For this, the distances 

between the root apexes and the cortical ones will be determined. The roots will be 

distributed into three groups. The measurements will be held from axial and coronal 

sections in i-CAT® Vision software, and will be classified into four three, G1- root 

apex in maxillary sinus, G2- apex até1mm the cortical bone of the maxillary sinus, 

G3- apex  root more than 1 mm from the cortical bone of the maxillary sinus. It was 

observed that when increases the age, there is a greater proximity of the evaluated 

teeth regarding the maxillary cortical bone (p<0.05) and less proximity of 2M to MS 

(p=0.005). 207 molars (45.8%) had at least one of the roots within the MS. In the 

group G2, there was no difference between the evaluated teeth. In group G3, 2PM 

were more frequent (72%) than 1M and 2M. When increasing age, there is a greater 

proximity of the teeth to the maxillary cortical bone and a lesser proximity to the MS. 

The mesiobuccal root of the maxillary 2M is the closest root to the MS cortical, while 

the maxillary 1M is the closest tooth to the maxillary cortical bone. 

 

 

 



Key words: odontogenic maxillary sinusitis, cone beam computed tomography, 

posterior teeth. 
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1 INTRODUÇÃO 

 

No interior dos ossos da face e do crânio, localizam-se espaços preenchidos 

de ar, que se comunicam com a cavidade nasal, denominados seios paranasais – 

maxilar, frontal, etmoidal e esfenoidal. O seio maxilar (SM) é o maior dos seios 

paranasais e situa-se na maxila (HAJIIOANNOU et al., 2010; MEHRA et al., 1999;). 

Ele possui variações em relação à forma e ao tamanho, de indivíduo para indivíduo, 

podendo, também, apresentar variações entre os lados direito e esquerdo, em um 

mesmo indivíduo (FREITAS et al., 2004). Suas dimensões dependem de fatores 

como idade, sexo, raça e condições individuais. Encontra-se em uma posição 

intermediária entre a cavidade nasal e a cavidade oral, sendo vulnerável à invasão 

de micro-organismos patogênicos através do óstio nasal ou da boca (MEHRA e 

MURAD, 2004). 

 A inflamação da membrana mucosa que reveste o SM é denominada sinusite 

maxilar. As sinusites de origem odontogênica podem ser classificadas em sinusite 

maxilar aguda ou crônica (BROOK, 2007), sendo a forma crônica a mais 

frequentemente associada à origem dental (ARIAS IRIMIA et al., 2010). Os agentes 

etiológicos podem ser viróticos, fúngicos ou bacterianos (UNGICIUS et al., 2006). 

A sinusite maxilar tem como uma das origens as infecções dentárias, em 

aproximadamente 10% a 12% dos casos. Uma origem odontogênica pode ser 

considerada em indivíduos com sintomas de sinusite e história de infecção dental, 

cirurgia dentoalveolar, cirurgia periodontal, ou naquelas resistentes à terapia 

convencional para sinusite. Podemos citar como os dentes anatomicamente mais 

próximos ao assoalho do seio, de acordo com a ordem de proximidade, os segundos 

molares, primeiros molares, terceiros molares, segundo pré-molares, primeiros pré-

molares e caninos (BROOK, 2006).  

O crescimento final do SM ocorre entre 12 e 14 anos de idade e corresponde 

à erupção dos dentes permanentes e o crescimento do processo alveolar do maxilar 

superior. Em crianças e jovens, há uma considerável distância entre o assoalho do 

seio e os ápices dos dentes maxilares (MEHRA E MURAD, 2004). Normalmente, as 

raízes dos molares e pré-molares são separadas do SM por uma cortical óssea 

densa com espessura variada. Porém, algumas vezes eles estão separados 

somente por uma membrana mucosa. Certamente, essa característica anatômica 

pode explicar que o aparecimento e o desenvolvimento de um processo inflamatório 
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dentário podem ter estreita relação com a sinusite maxilar (ARIAS IRIMIA et al., 

2010; SHANBHAG et al., 2013). 

Os exames por imagens são essenciais na elaboração de um diagnóstico, 

destacando a tomografia computadorizada de feixe cônico (TCFC). Outros exames 

também podem ser utilizados no auxílio ao diagnóstico da sinusite, são eles: 

ressonância magnética, ecografia e endoscopia (ESCODA & AYTES, 2004; 

MAILLET, et al., 2011). 

Radiograficamente, o seio maxilar sem patologia caracteriza-se por uma 

imagem radiolúcida delimitada por corticais ósseas densas radiopacas, situado na 

maxila. Na presença de patologia associada, distingue-se por: existência de uma 

imagem radiopaca na parte interna da cavidade sinusal, modificação do contorno da 

cavidade do SM (expansão e compressão); existência de corpos estranhos na 

cavidade sinusal (WHAITES, 2003).  

A sinusite maxilar aguda, clinicamente, caracteriza-se pela presença de dor 

intensa que irradia atingindo a hemiarcada, podendo provocar cefaléias, dor 

periodontal na região afetada, apesar da inexistência da causa. A presença de 

tecidos inflamados na zona da fossa canina pode provocar dor à percussão e 

pressão. Ainda, podem estar presentes: secreção nasal purulenta unilateral, rigidez 

e edema dos cornetos nasais, secreções purulentas no meato nasal médio e fístula 

oroantral sondável (HORCH, 1995; PETERSON, 2005). 

A sinusite crônica distingue-se por um desenvolvimento assintomático ou com 

escassos sintomas, dentre eles as cefaleias, que aumentam com o movimento da 

cabeça, drenagem nasal, e dor na fossa canina quando aplicada uma pressão. Num 

processo agudo desta forma clínica, não só ocorre um acréscimo de secreção 

purulenta e mucosa, como também pode ocorrer uma intensificação da dor. O 

paciente, ocasionalmente, apresenta como queixa oclusão nasal correspondente à 

zona lesada (HORCH, 1995; PETERSON, 2005). 

No tratamento da sinusite odontogênica é necessário atuar sobre causa 

dentária e sobre o seio maxilar. Somente assim é possível confirmar o fim da 

infecção existente e precaver de nova infecção ou complicações. A conjugação da 

terapêutica medicamentosa e cirúrgica, normalmente é necessária no seu 

tratamento (PETERSON, 2005; SHAHBAZIAN et al., 2012). 

Dentes com infecção de origem endodôntica crônica, em geral podem ter 

seus produtos sépticos drenados por meio de fistulas, que podem se abrir na 
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mucosa vestibular, palatina ou, até mesmo cutaneamente. Normalmente, estas 

fístulas se abrem na superfície mais próxima do ápice radicular infectado. Dessa 

forma, considera-se que tais fístulas poderiam surgir também em outras superfícies 

como: cavidade nasal, canal nasopalatino e canal mandibular. 

Assim, partimos da hipótese de que muitos dentes superiores portadores de 

necrose pulpar, podem estar perpetuando sinusites crônicas sem que esse processo 

seja detectado em qualquer exame radiográfico, considerando que a infecção 

periapical encontraria facilmente uma via de drenagem para o interior do seio 

maxilar, caso esta cortical se encontre mais próxima do ápice radicular que alguma 

das corticais do osso maxilar. Nesses casos, tais dentes poderiam não apresentar 

os sinais clínicos e radiográficos, devido à área disponível para drenagem, aqui no 

caso, o seio maxilar. Como a maioria dos estudos que apontam para incidência de 

sinusites associadas a infecções endodônticas tem como base dentes que, de 

alguma forma, se manifestaram clinicamente ou em exames radiográficos, 

acreditamos que a incidência de sinusites agudas e crônicas associadas a dentes 

infectados possa ser maior que aquela descrita na literatura. 

Destarte, torna-se proposta neste estudo, realizar uma avaliação da distância 

existente entre os ápices de dentes posteriores superiores e as corticais do seio 

maxilar, vestibular e palatina do osso maxilar, por meio de imagens de TCFC. 
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2 PROPOSIÇÃO 

 

O presente estudo tem por objetivo avaliar, em imagens de TCFC, a relação 

entre os ápices de dentes superiores posteriores – segundo pré-molar, primeiro 

molar e segundo molar – e:  

- a cortical do seio maxilar;  

- as corticais vestibulares e palatinas do osso maxilar. 
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3 MATERIAL E MÉTODOS 

 

3.1 Desenho do estudo 

 

 Trata-se de um estudo retrospectivo observacional e transversal.  

 

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.1.292.165, em quatorze de setembro de 2015 (ANEXO A). 

 

3.3  Seleção da amostra 

  

Para este estudo, foram selecionadas imagens de TCFC de 113 pacientes, 

em uma amostra de conveniência, totalizando 226 seios maxilares, do arquivo de 

imagens do Serviço de Radiologia Odontológica da Faculdade de Odontologia da 

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

  Como critério de inclusão, os pacientes deveriam possuir, bilateralmente, os 

dentes a serem analisados (segundo pré-molar superior, primeiro molar superior e 

segundo molar superior) com raízes íntegras, restaurados ou não. 

Como critérios de exclusão, foram considerados: idade inferior a 21 anos; 

infecção endodôntica; cirurgia parendodôntica em dentes posteriores; cirurgias na 

região de seio maxilar; cirurgia ortognática; ausência de qualquer um dos dentes a 

ser analisado. 

 

3.4  Exames por imagem  

 

Nas imagens dos seios maxilares, que foram selecionadas dentro dos 

critérios de inclusão pré-estabelecidos, foram mensuradas as menores distâncias 

encontradas entre os ápices radiculares dos dentes posteriores superiores e a 

cortical do seio maxilar, e também entre os ápices radiculares e as corticais 

vestibular e palatina do osso maxilar. 
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As medições foram realizadas através da ferramenta disponível no software  i-

CAT® Vision (i-Cat® Next Generation (Imaging Sciences International, Hatfield, 

Pennsylvania, EUA), o mesmo utilizado para a realização dos exames. Foi utilizado 

o modo de visualização MPR (Multiplanar reconstruction), com corte em 0,25 mm de 

espessura, e o filtro SharpenMild. 

A ordem de análise dos dentes partiu dos segundos pré-molares, seguida dos 

primeiros molares e por último os segundos molares superiores. Primeiramente no 

lado direito e, em seguida, no lado esquerdo. Foi, ainda, determinada uma ordem de 

análise das raízes, iniciando pela raiz vestibular (V) e, em seguida, caso houvesse, a 

raiz palatina (P) dos segundos pré-molares. Nos molares, a análise iniciou-se pela 

raiz palatina (P), seguida pela raiz mésio-vestibular (MV) e, por último, a raiz disto-

vestibu lar (DV). 

A primeira análise realizada no corte axial (CA) foi a medição em relação à 

cortical óssea (V ou P) que se apresentava mais próxima do ápice analisado 

(Figuras 1 e 2). O corte axial padrão utilizado para a realização dessa medida foi 

definido como aquele que mostrava a porção mais apical da raiz. Vale destacar que 

cada raiz teve seu corte axial padrão individualizado. 

 

                              

Figura 1:  imagem de corte axial de TCFC mostrando a menor medida entre o ápice radicular da raiz V do 

segundo pré-molar superior direito e a  cortical   óssea mais próxima, no caso a vestibular. 
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Figura 2:  imagem de corte axial de TCFC mostrando a menor medida entre o ápice radicular da raiz P do 

primeiro molar superior direito e a cortical óssea mais próxima, no caso a palatina. 

No corte coronal correspondente ao corte axial padrão foi obtida a menor 

distância entre a raiz e a cortical sinusal (Figuras 3 e 4). Isso possibilitou verificar a 

relação anatômica do SM com as raízes dos dentes, identificando a menor distância 

que separa os ápices radiculares da cortical sinusal. 

 

                                          

 Figura 3:  imagem de corte coronal de TCFC mostrando a menor medida entre o ápice radicular da raiz MV do 

segundo molar superior direito e a cortical do seio maxilar. O ápice encontra-se justa posto a cortical sinusal. 
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Figura 4: imagem de corte coronal de TCFC mostrando a menor medida entre o ápice radicular da raiz MV do 

primeiro molar superior direito e a cortical do seio maxilar. 

 

As imagens foram analisadas e, após as mensurações das distâncias entre as 

raízes e o seio maxilar, os ápices radiculares foram agrupados em:  

G1 – ápice radicular dentro do seio maxilar 

G2 – ápice radicular até 1 mm da cortical do seio maxilar  

G3 – ápice radicular com mais de 1 mm da cortical do seio maxilar 

A análise dos exames foi realizada por um único cirurgião-dentista, 

endodontista, experiente neste tipo de exame. Trinta dias após a primeira avaliação, 

10% da amostra foi reavaliada para cálculo de concordância intra-examinador. 

 

 

3.5  Tratamento estatístico 

 

 

 Para a análise da concordância intra-examinador foi utilizado o coeficiente de 

correlação de Pearson. O teste de correlação de Spearman foi aplicado na análise 

da correlação das distâncias das corticais ósseas e sinusais com a idade. Para 
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comparação das menores distâncias das raízes com as corticais ósseas e sinusais e 

também na comparação, entre os dentes, das menores distâncias obtidas, foi 

utilizado o teste não paramétrico de Wilcoxon. Estabeleceu-se o grau de confiança 

de 95% para todos os testes aplicados. 
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4 ARTIGO  

  

O artigo abaixo está apresentado nas normas do periódico International Endodontic Journal, 

classificado no Qualis da CAPES (Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior), na Área de Avaliação de Odontologia, como A1 (ANEXOS B e C).  
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Abstract  

Aim: To evaluate the relationship between the apices of maxillary posterior teeth – second 

premolar (2PM), first molar (1M) and second molar (2M) regarding the cortical of the 

maxillary sinus (MS); and regarding both, buccal and palatal cortices of the maxillary bone, 

by means of concomitant cone-beam computed tomography (CBCT) analysis. 

Methodology: 1660 roots from 678 teeth were analyzed using CBCT. It was determined the 

shortest distance between the selected dental apices to the MS cortical; and to both, buccal 

and palatal cortices of the maxillary bone. After measurements, the root apices were grouped 

as follows: G1 - root apex inside the MS; G2- root apex up to 1 mm from the cortical of the 

MS; G3 - root apex with more than 1 mm from cortical of the MS. 

Results: It was observed that when increases the age, there is a greater proximity of the 

evaluated teeth regarding the maxillary cortical bone (p<0.05) and less proximity of 2M to MS 

(p=0.005). 207 molars (45.8%) had at least one of the roots within the MS. In the group G2, 

there was no difference between the evaluated teeth. In group G3, 2PM were more frequent 

(72%) than 1M and 2M. 

Conclusion: When increasing age, there is a greater proximity of the teeth to the maxillary 

cortical bone and a lesser proximity to the MS. The mesiobuccal root of the maxillary 2M is 

the closest root to the MS cortical, while the maxillary 1M is the closest tooth to the maxillary 

cortical bone. 
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Introduction 

Inside the face and skull bones, there are air spaces called paranasal sinuses which 

communicate with the nasal cavity – maxillary, frontal, ethmoidal and sphenoidal. The 

maxillary sinus (MS) is the largest of the paranasal sinuses and lies in the maxilla (Mehra et 

al. 1999, Hajiioannou et al., 2010). It has variations with respect to shape and size from 

person to person, also presenting variations between the right and left sides in the same 

individual (Freitas et al. 2004). Meanwhile, these variations depend on factors such as age, 

gender, race, and individual conditions. Due to its intermediate position between the nasal 

cavity and the oral cavity, it becomes vulnerable to the invasion of pathogenic 

microorganisms through the nasal or oral ostium (Mehra & Murad 2004), generating 

maxillary sinusitis. 

Dental infections are indicated as one of the causes of maxillary sinusitis in 

approximately 10% to 12% of the cases, denominated as odontogenic origin. The diagnosis 

of maxillary odontogenic sinusitis can be considered in individuals with sinusitis symptoms 

and history of dental infection, dentoalveolar surgery, periodontal surgery, or those resistant 

to conventional sinusitis therapy. Among the anatomically closest maxillary teeth to the sinus 

floor are, in order of proximity, the second molars, first molars, third molars, second 

premolars, first premolars and canines (Brook 2006). 

The final growth of MS occurs between 12 and 14 years of age and corresponds to 

eruption of permanent teeth and growth of the alveolar process of the maxilla. In children and 

young people, there is a considerable distance between the sinus floor and the apexes of the 

maxillary teeth (Mehra & Murad 2004). Normally, the roots of the molars and premolars are 

separated from the MS by a dense bone cortical with varying thickness, but may also be 

separated only by the Schneiderian mucous membrane. This anatomical feature may 

suggest that the appearance and development of a dental inflammatory process may be 

closely related to maxillary sinusitis (Arias-Irimia et al. 2010, Shanbhag et al., 2013). 

The radiographic image is essential in the elaboration of a clinical diagnosis, in 

conjunction with the cone beam computed tomography (CBCT). Other more modern tests 

are also used to aid in the diagnosis of sinusitis, such as magnetic resonance imaging, 

echography and endoscopy (Escoda & Aytes 2004, Maillet et al. 2011). 

In general, teeth with chronic infection of endodontic origin, may drain their septic 

products through fistulas, which may open up in the buccal or palatal mucosa of the maxilla 

or even on the cutaneous surface. Typically, these fistulas open on the closest surface to the 

infected root apex. Thus, it can be considered that such fistulas could also appear on other 

surfaces such as the nasal cavity, nasopalatine canal, mandibular canal and, also, the MS. 
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Therefore, it is possible that many maxillary teeth with pulp necrosis may be 

perpetuating chronic sinusitis without this process being detected by any radiographic 

examination, because, with small bone sequestration, the infection would find a drainage 

pathway into the MS, if the sinus cortical is closer to the infected root apex than to one of the 

cortices of the maxillary bone. 

Most studies that point the incidence of sinusitis associated with endodontic 

infections, are based on teeth that have somehow manifested clinically or by radiographic 

examinations (Berkovitz et al. 2004, Garcia et al. 2010, Kilic et al. 2010, Ok et al. 2014). The 

great doubt that stimulates this study is based on the fact that since the roots of posterior 

teeth may be juxtaposed or inside the sinus cavity, such teeth, in case of infection, could not 

present the clinical and/or radiographic signs, due to the presence of available area for 

drainage, in this case, to the MS. They could also present no visible osteolytic lesion on 

radiographs, since the inflammatory process would develop into the sinus cavity and not into 

the adjacent bone structure. Individuals in this situation could suffer chronic sinusitis, with 

their respective treatments, for an indefinite period of time, since the involved teeth are not 

usually investigated in a deeper way, such as by the CBCT associated with other clinical 

dental examinations. It is believed that the incidence of acute and chronic sinusitis 

associated with infected teeth may be higher than that described in the literature. 

Thus, it is proposed in this study to perform an evaluation of the distance between the 

apices of the maxillary posterior teeth regarding the MS, buccal and palatal cortices bone in 

the maxilla, by means of CBCT. 

 

Material and Methods 

This study was approved by the Research Ethics Committee (No. 1.292.165) and is 

an observational and cross-sectional retrospective study. 

 

 

 

Sample selection 

  

For this study, CBCT images from 113 patients were selected in a convenience 

sample, totaling 226 maxillary sinuses, from the image datasets of the Public Dental 

Radiology Service (UFJF, MG, Brazil). 

As inclusion criteria, the patients should have, bilaterally, the teeth to be analyzed 

(second maxillary premolar, first maxillary molar and second maxillary molar) with intact 

roots, restored or not. 
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As exclusion criteria, the following were considered: age less than 21 years; 

endodontic infection; periapical surgery on posterior teeth; surgeries in the maxillary sinus 

region; orthognathic surgery; absence of any of the teeth to be analyzed. 

 

Image exams 

 

From the images of the maxillary sinuses that were selected within the pre-

established inclusion criteria, were measured the shortest distance found between the root 

apexes of the maxillary posterior teeth and the cortical of maxillary sinus, and also between 

the mentioned root apexes and the buccal and palatal cortices of the maxillary bone. 

Exams and measurements were performed using the i-CAT® Vision software (i-Cat® 

Next Generation, Imaging Sciences International, Hatfield, Pennsylvania, USA). The used 

view mode was multiplanar reconstruction (MPR), with a 0.25 mm slice thickness, using the 

SharpenMild filter. 

The order of teeth analysis started from the second premolars, followed by the first 

molars and finally the second maxillary molars. First on the right side and then on the left 

side. Starting with the axial cut and later the coronal cut. 

An order of roots analysis was also determined, starting with the buccal root (B) and 

then, if was present, the palatine root (P) of the second premolars. As for the molars, the 

analysis was initiated by the palatine root (P), followed by the mesiobuccal root (MB) and, 

finally, the distobuccal root (DB). 

The first analysis performed in the axial cut (AC) was the measurement in relation to 

the maxillary cortical bone (B or P) that was closer to the analyzed apex. The standard axial 

cut used to perform this measurement was defined as the one that presented the most apical 

portion of the root. It is worth mentioning that each root had its individualized standard axial 

cut. 

The shortest distance between the root and sinus cortical was obtained in the coronal 

cut corresponding to the standard axial cut. This made it possible to verify the anatomical 

relationship of MS with the roots of the teeth, identifying the smaller distance that separates 

the root apices from the sinusal cortical. 

The images were analyzed and, after measuring the distances between the roots and 

the maxillary sinus, the root apices will be grouped as follows: G1 – root apex inside the MS; 

G2 – root apex up to 1 mm from the cortical of the MS; G3 - root apex with more than 1 mm 

from cortical of the MS (modified from Pagin et al., 2013). 

The analysis of the exams was performed by a single endodontist, experienced in this 

type of examination. Thirty days after the first evaluation, 10% of the sample was reevaluated 

for intra-examiner concordance calculation. 
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Statistical Analysis 

 

 Pearson's correlation coefficient was used to analyze the intra-examiner agreement. 

The Spearman correlation test was applied for the analysis of the correlation between 

distances of bone and sinus cortical regarding age. The Wilcoxon nonparametric test was 

used to compare the shortest distances of the roots regarding the bony and sinus cortices 

and also in the comparison, between the teeth, of the shortest distances obtained. The 

confidence level of 95% was established for all tests applied. 

 

Results 

Two hundred and twenty-six tomographic images of maxillary sinuses from 113 

patients were analyzed, looking for the anatomical relation between 1,660 roots of 678 teeth 

regarding the MS, and also between the mentioned roots and the cortices of the alveolar 

bone. 

To verify the intra-examiner agreement, the Pearson correlation test was applied 

ranged from 0.93 to 1.00, indicating an almost perfect agreement between the evaluators. 

The patients' ages ranged from 20 to 72 years, with a mean of 34.58 (± 14.06). A 

significant and negative correlation between age and distance regarding the maxillary cortical 

bone was detected for the second premolar (p = 0.010 / rs = - 0.17), first molar (p <0.001 / rs 

= - 0.33) and second molar (p = 0.012 / rs = - 0.16), indicating that with the increase of the 

age, there is a greater proximity of the roots with the maxillary cortical bone. Moreover, a 

significant positive correlation was observed between age and distance since the sinusal 

cortical to the second molar (p = 0.005 / rs = 0.18), indicating a lesser proximity from the 

roots to the maxillary sinus, with increasing age. 

Table 1 shows the comparison of the shortest detected distances between the cortical 

bone and the MS for each of the roots of the studied teeth. It can also be observed that all 

the roots of the studied teeth, except the second unirradicular premolars and the buccal root 

of the second birradicular premolars, are significantly closer to the MS than to any of the 

cortices of the alveolar bone. The mesiobuccal root of the maxillary second molar was 

detected as the closest one to the sinusal cortical. 

In the evaluation of the shortest distances detected between the dental apex and the 

cortical of the alveolar bone for each type of studied tooth, it is noted that a greater proximity 

to the cortical bone occurs with the first maxillary molars than with the other evaluated teeth 

(Table 2). 
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As regards the assessment of the shortest distances between the dental apex and 

the sinusal cortical, it was observed that the first and second molars had the shortest 

distances, with the root apexes being significantly closer to the sinusal cortical than the 

premolars (Table 3). 

From the measurements of the distances between the root apices and the maxillary 

sinus and based only on the closest root of each analyzed tooth to the maxillary sinus, the 

roots were distributed in the respective groups, as shown in table 4.  

From the presented distribution, it can be observed that the 1M and 2M presented a 

high prevalence of root apices inside the maxillary sinus (G1). Of the 452 evaluated molars, 

207 presented at least one of the roots within the MS (45.8%), without much distinction 

between 1M and 2M. 

Considering the distance of up to 1 mm for MS (G2), we can affirm that there seems 

to be no great difference between the three types of teeth. However, considering a distance 

greater than 1 mm to sinus cortical (G3), 2P were more frequent, with a significant difference 

in relation to 1M and 2M (Table 4 and Figure 1). 

 

 

 

 

 

Discussion 

Odontogenic maxillary sinusitis is caused by iatrogenies during dental treatment, 

presence of dental inflammation or endodontic infection in teeth that present root apices near 

the MS (Arias Irimia et al. 2010, Shanbhag et al. 2013). It is usually diagnosed through 

clinical and radiographic findings, affecting 10% to 12% of cases of maxillary sinusitis (Mehra 

& Murad 2004). 

The applicability and importance of the use of CBCT in endodontic treatments 

involving the maxillary sinus region was described by Tsurumachi et al. (2007), due to the 

possibility of three-dimensional visualization of the structures. Since then, several studies 

(Maillet et al. 2011, Pagin et al. 2013, Arx et al. 2014, Ok et al. 2014, Shahbazian et al. 2015) 

have showed that CBCT should be used to detect periapical changes and the relation of 

apices. 

The aim of this study was to evaluate the topography of the maxillary posterior teeth 

through CBCT analysis, and its relationship regarding the cortical bone and the MS, in order 

to verify if root apexes juxtaposed or inside the maxillary sinus, could not present the clinical 
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and radiographic signs of odontogenic maxillary sinusitis, due to the available area of 

drainage into the MS. 

Pagin et al. (2013) examined the proximity of the maxillary posterior teeth with the 

maxillary sinus and divided these teeth into two groups, I – teeth with root apexes in contact 

with the cortical of the maxillary sinus and II – teeth with radicular apexes protruded inside 

the maxillary sinus. In the present study, a modified methodology of Pagin et al. (2013) was 

used. The shortest distance between the root apexes (2nd PM, 1st M, e 2nd M) regarding the 

floors of the MS and regarding the maxillary cortical bone was measured. Then the teeth 

were divided into three groups, according to the proximity to the MS. 

Regarding the distance between the apexes of the teeth studied with the nearest 

cortical bone, it was observed that all the roots, except for the root of the unirradicular 2nd PM 

and the buccal root of the birradicular 2nd PM, were closer to the maxillary sinus than to the 

cortical bone of the alveolar bone. In addition, it was verified that the root apex of the 

mesiobuccal root of the maxillary 1st M was closer to the cortical bone when compared to the 

other roots. Ariji et al. (2006) found that more than 60% of the 1st M roots came into contact 

with the palatal and buccal cortices, whereas this contact was not observed in 60% of 2nd M. 

According to Ok et al. (2014), the relationship between the maxillary posterior teeth 

and the MS floor varies according to age. In the present study, it was verified with significant 

statistical difference that, with the increase of the age, there is a greater proximity of the root 

apices with the cortical of the maxillary bone and a smaller proximity with the MS. 

It is believed that maxillary posterior teeth with periapical lesions, with apexes near or 

projecting into the MS, could have the MS as a drainage pathway for endodontic infections, 

leading to the development of maxillary odontogenic sinusitis. According to Garcia et al. 

(2010), the relationship of intimate contact of MS with the roots of the posterior teeth causes 

procedures, such as periapical surgery, to be evaluated and performed carefully. They 

believe that contamination by microorganisms and the introduction of foreign bodies into the 

sinus cavity, aseptic in 80% to 100% of the population, leads to mucosal thickening or a 

sinusitis. 

Arx et al. (2014) evaluated the proximity of the roots of the maxillary premolars with 

MS and found that only a few pre-molars presented a risk of penetration into the MS during 

conventional or surgical endodontic treatment, or in case of extraction of tooth. This fact is in 

agreement with the present study, where it was verified that the roots of unirradicular 2nd PM 

and the buccal root of the birradicular 2nd PM, were significantly more distant of the MS when 

compared the other studied roots. 

Regarding the relationship between the MS floor and the roots of the posterior 

superior teeth, Berkovitz (2004) reported that the 2nd M, especially the palatine root, are the 

closest teeth to the MS, followed by the 1st M, third molars, 2nd PM, first premolars and, 
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incidentally, canines. Their report is in line with part of the results found in this study, since 

the mesiobuccal roots of the maxillary 2nd M were closer to the maxillary sinus. However, 

Pagin et al. (2013) showed that the mesiobuccal root of the maxillary 2nd M is the closest root 

to the sinusal cortical, which corroborates with the present study. 

Shahbazian et al. (2015) stated that the proximity of the roots to the MS floor, could 

be a probable cause of odontogenic maxillary sinusitis. The CBCT showed an intima 

relationship of the maxillary 1st M and 2nd M with the MS in 50% and 45% of the cases, 

respectively. In the present study, it was detected that half of the 1st and 2nd maxillary 

molars have at least one root in direct contact with MS. Moreover, Shahbazian et al. (2015) 

emphasized that all surgical and endodontic procedures in this area should be performed 

with a complete understanding of this anatomical relationship, in order to avoid posttreatment 

complications. However, they point out that because of the higher radiation dose, CBCT 

should be used only in selected cases and after a complete clinical examination. 

 In this study, G2 presented teeth with root apex situated between 0 mm and 1 mm of 

the sinusal cortical. The proximity of these roots to the sinusal cortical shows that these teeth 

can be considered as a potential source for maxillary sinusitis in case of pulp and/or 

periodontal infection. Thus, they should have their numbers associated with those of G1, 

which have at least one root apex situated inside the MS. Thus, it can be affirmed that 57% 

of the molars present a potential risk for maxillary odontogenic sinusitis, both by the pulp 

alterations with consequent root canal infection, and poorly executed endodontic treatments 

favoring the development of infections. However, considering a distance greater than 1 mm 

from sinus cortical (G3), the 2PM were more frequent, with a significant difference in relation 

to 1M and 2M, a fact that could possibly explain a lower chance of 2PM being responsible for 

maxillary odontogenic sinusitis. 

The possibility that the MS is functioning as a drainage pathway for endodontic 

infections, is a fact. Through the analysis of the images and measurements performed, we 

were able to show that a large part of the 1M have their root apexes within the MS when 

compared with the other teeth studied. When we compare the measurements of the shortest 

distances of the studied roots, we found the mesiobuccal root of the 2M as the root that 

presents the root apex closest to the sinusal cortical or already inside the MS. We emphasize 

the importance of the CBCT for these diagnoses, measurements and treatments of maxillary 

sinusitis of odontogenic origin. 

The results found in this study are stimulating for the development of clinical and 

microbiological studies in the search for a better correlation between infections of maxillary 

posterior teeth and maxillary sinusitis. 

 

 



33 
 

Conclusion 

It can be affirmed that with the increase of the age, there is a greater proximity of the 

root apices with the maxillary cortical bone and a lesser proximity with the maxillary sinus. 

All roots, except for the root of the unirradicular 2nd PM and the buccal root of the 

birradicular 2nd P were closer to the maxillary sinus than to the maxillary cortical bone. 

The mesiobuccal root of the maxillary 2nd M is the closest root to the sinusal cortical, 

while the maxillary 1st M is the tooth that has the closest root to the maxillary cortical bone. 

A little less than half of the 1st M and 2nd M have at least one of the roots with the 

apex inside the MS. 
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Tables 

 

Table 1. Comparison of the studied roots with distances (mm) between the cortical 

maxillary bone and the maxillary sinus. 

 

Roots of studied teeth N Median 

(maxillary 

cortical bone) 

Median 

(Maxillary sinus) 

P value 

2 PM Unirradicular 148 2.56 2.94 0.030* 

2 PM B 78 2.30 2.75 0.015* 

2 PM P 78 2.82 1.86 0.003* 

1M MB 226 2.26 1.91 0.009* 

1M DB 226 2.50 1.86 <0.001* 

1M P 226 2.30 1.50 <0.001* 

2M MB 226 3.25 1.31 <0.001* 

2M DB 226 3.00 2.00 <0.001* 

2M P 226 2.50 2.02 0.002* 

* Significant differences from the Wilcoxon test (p≤0.05).  
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Table 2. Comparison of the studied teeth with the distances between the dental apex 

and the maxillary cortical bone. 

 

Studied teeth N Median (maxillary cortical bone) 

2 PM 226 2.50 A 

1M 226 2.00 B 

2M 226 2.24 C 

* Medians followed by distinct letters indicate a statistically significant difference by the 

Wilcoxon test (p≤0.05).  
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Table 3. Comparison of the distances between the apices of the studied teeth 

and the sinusal cortical. 

 

Studied teeth N Median (sinusal cortical) 

2 PM 226 2.26 A 

1M 226 0.50 B 

2M 226 0.87 B 

* Medians followed by distinct letters indicate a statistically significant difference 

by the Wilcoxon test (p≤0.05). 
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Table 4. Result after the analyzes and measurements of each studied tooth in relation 

to the shortest measurement to the sinusal cortical. 

 

Groups 2PM (%) 1M (%) 2M (%) 

G1 47   (21) 108   (48) 99    (44) 

G2 17   (08) 24    (11) 26    (12) 

G3 162  (72) 94    (42) 101   (45) 
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Figure Legends 

 

Figure 1: Group G1 – apex within the maxillary sinus; Group G2 – apex up to 1 mm from the 

maxillary sinus cortical; Group G3 – apex more than 1 mm from the maxillary sinus cortical. 
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5 CONSIDERAÇÕES FINAIS 

 

 A partir da metodologia aplicada e resultados obtidos, pode-se concluir que: 

 

Com o aumento da idade, existe uma maior proximidade dos ápices 

radiculares com a cortical óssea maxilar e uma menor proximidade com o seio 

maxilar. 

Todas as raízes, com exceção, da raiz dos 2ºPM unirradiculares e da raiz 

vestibular dos 2ºPM birradiculares estavam mais próximas do seio maxilar do que da 

cortical do osso alveolar  

A raiz mésio-vestibular do 2ºM superior é a raiz mais próxima da cortical 

sinusal, enquanto o 1ºM superior é o dente que possui raiz mais próxima da cortical 

óssea. 

Pouco menos da metade dos primeiros e segundos molares possuem pelo 

menos uma das raízes com o ápice dentro do seio maxilar. 
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