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RESUMO 

 

Os molares inferiores geralmente possuem três canais, sendo dois na raiz mesial e um na raiz 

distal. Entretanto, podem apresentar como variação um quarto canal, localizado na raiz mesial 

conhecido como Canal Mesial Médio (CMM). O CMM é representado por um canal entre os 

dois canais regulares da raiz mesial. Conhecer a prevalência dessa variação anatômica é 

importante para alertar os profissionais sobre a possibilidade de encontrá-los durante um 

tratamento endodôntico para que esses canais sejam devidamente preparados e obturados. Com 

isso, o objetivo no presente estudo foi avaliar a prevalência do canal mesial médio em molares 

inferiores em exames de tomografia computadorizada de feixe cônico (TCFC), verificar se está 

relacionada com medidas anatômicas dos dentes, e classificá-los de acordo com suas 

características. Foi realizado um estudo observacional retrospectivo, no qual foram utilizados 

284 exames de TCFC com 216 primeiros molares inferiores e 228 segundos molares inferiores. 

Os exames foram adquiridos no tomógrafo Veraview X800 com protocolo de 90 kV, 10 mA, 

campo de visão de 4 x 4 cm e voxel de 0,08 mm. Os exames foram avaliados em consenso por 

dois examinadores quanto a presença ou ausência do CMM. Em seguida, um examinador 

obteve as seguintes medidas na raiz mesial tanto em dentes com a presença do CMM quanto 

em dentes com ausência desse: mésio-distal, vestíbulo-lingual, e entre os canais mésio-

vestibular e mésio-lingual; para os dentes com CMM, foram também obtidas medidas entre o 

canal mésio-vestibular e o CMM, e entre o canal mésio-lingual e CMM. Ainda, os canais 

tiveram suas características avaliadas e foram classificados de acordo com seu trajeto e 

confluência com os demais canais da raiz mesial. Na análise da prevalência, os testes de qui-

quarado e exato de Fisher testaram possível predileção por sexo ou dente. Para as medidas 

anatômicas, foram utilizados análise de regressão logística múltipla e teste t de Student para 

avaliar os fatores que poderiam predizer a presença do CMM. A concordância intra-examinador 

foi avaliada pelo teste Kappa e Coeficiente de Correlação Intraclasse. O nível de significância 

adotado foi de 5%. Foi observada uma prevalência de 11,1% de CMM em primeiros molares 

inferiores e apenas de 1,75% em segundos molares inferiores. A presença foi significativamente 

maior em primeiros molares inferiores (p<0,0001); não houve predileção pelo sexo (p>0,05). 

Em relação às medidas anatômicas, os dentes com CMM apresentaram raiz mesial com maior 

dimensão vestíbulo-lingual (p=0,024) e entre os canais mésio-vestibular e mésio-lingual 

(p=0,005). A concordância intra-examinador para presença do CMM e para as mensurações foi 

considerada quase perfeita (0,953 e 0,999, respectivamente). O CMM foi classificado em quatro 
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tipos: Independente, Confluente, Mésio-lingual confluente e Mésio-vestibular confluente, que 

foram encontrados em 60,7%, 14,3%, 14,3% e 10,7% dos casos, respectivamente. Conclui-se 

que a prevalência do CMM é maior nos primeiros molares e que os aspectos anatômicos de 

maior largura da raiz e distância entre os canais mésio-vestibular e mésio-lingual podem alertar 

os clínicos sobre sua presença. De acordo com a classificação proposta, o tipo independente foi 

o mais prevalente.  

Palavras-chave: tomografia computadorizada de feixe cônico; endodontia; variação 

anatômica. 
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ABSTRACT  

Mandibular molars usually have three root canals, being two on the mesial root and one on the 

distal root. However, there is a variation known as Middle Mesial Canal (MMC), which is a 

fourth canal located between the two canals of the mesial root. Knowing the prevalence of this 

anatomical variation is important to alert the clinicians about the possibility of finding it during 

the endodontic treatment. Thus, the study aimed to evaluate the prevalence of the MMC in 

mandibular molars using Cone Beam Computed Tomography (CBCT) exams, to verify whether 

it is related to anatomical measurements of the teeth, and classify them according to their 

characteristics. A retrospective observational study was carried out, in which 284 CBCT exams 

with 216 mandibular first molars and 228 mandibular second molars were assessed. The exams 

were acquired using the Veraview X800 scanner with 90 kV, 10 mA, a field of view (FOV) of 

4 x 4 cm, and a voxel size of 0.08 mm. The exams were evaluated in consensus by two 

examiners regarding the presence or absence of the MMC. Subsequently, an examiner obtained 

the following measurements at the mesial root, in teeth with and without MMC: mesio-distal, 

buccal-lingual, and between the mesiobuccal and mesiolingual canals; for teeth with MMC, 

measurements were also obtained between the mesio-buccal canal and the MMC, and between 

the mesiolingual canal and MMC. Also, the canals had their characteristics assessed and were 

classified according to their path and confluence with the other canals of the mesial root. In the 

analysis of prevalence, the chi-square and Fisher's exact tests evaluated whether there was a 

predilection for sex or tooth. For anatomical measurements, multiple logistic regression 

analysis and t-test were used to assess the factors that would influence the presence of MMC. 

The intra-examiner agreement was assessed using the Kappa test and the Intraclass Correlation 

Coefficient. A prevalence of 11.1% of MMC in mandibular first molars and only 1.75% in 

mandibular second molars were observed. The presence was significantly greater in mandibular 

first molars (p<0.0001); there was no sex predilection (p>0.05). Regarding anatomical 

measurements, teeth with MMC had mesial root with greater buccal-lingual (p=0.024) and 

between the mesiobuccal and mesiolingual canals (p=0.005) dimensions. The intra-examiner 

agreement for the presence of the MMC and the measurements were considered almost perfect 

(0.953 and 0.999, respectively). The MMC was classified into four types: Independent, 

Confluent, Mesiolingual confluent, and Mesiobuccal confluent, which were found in 60.7%, 

14.3%, 14.3%, and 10.7% of cases, respectively. In conclusion, the prevalence of MMC is 

greater in mandibular first molars, and anatomical measurements, such as greater root width 

and distance between the mesiobuccal and mesiolingual canals may alert clinicians to its 

presence. According to the proposed classification, the independent was the most prevalent. 
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Key Words: cone-beam computed tomography; endodontics; anatomical variation. 
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1. INTRODUÇÃO 

 

Normalmente, os molares inferiores apresentam três canais, sendo dois na raiz mesial e 

um canal único na raiz distal (Celikten et al. 2016). Entretanto, podem apresentar um terceiro 

canal na sua raiz mesial. Esse conduto é conhecido como Canal Mesial Médio (CMM), 

localizado entre os canais mésio-vestibular e mésio-lingual (Akbarzadeh et al. 2017). A 

prevalência do CMM na literatura é bastante variada, entre 8% a 46% (Akbarzadeh et al. 2017; 

Azim, Deutsch, and Solomon 2015; Kuzekanani, Walsh, and Amiri 2020; Nosrat et al. 2015; 

Qiao et al. 2020; Weinberg et al. 2020).  

O CMM foi classificado pela primeira vez por Pomeranz et al. (1981) baseado em 

exames bidimensionais e na instrumentação dos canais radiculares. Os autores classificaram o 

CMM em três tipos: independente, confluente e “barbatana”. O canal do tipo independente é 

aquele que possuí orifício e forame apical diferentes dos demais canais da raiz mesial (mésio-

vestibular e mésio-lingual). O tipo confluente possui orifício independente, mas se une aos 

canais mésio-vestibular e/ou mésio-lingual antes do seu térmico apical. Já o tipo barbatana se 

une aos canais mésio-vestibular e mésio-lingual em qualquer altura do comprimento radicular. 

No tipo barbatana, os autores não diferenciam se o CMM se une ao canal mésio-vestibular ou 

canal mésio-lingual. 

Como a desinfecção e obturação completa de todos os canais de um dente são 

necessárias para um tratamento endodôntico adequado, a variação da configuração dos canais 

radiculares pode dificultar a identificação de todos os condutos, e acarretar em falhas no 

tratamento (Celikten et al. 2016; Tahmasbi et al. 2017). A incidência de lesões periapicais está 

relacionada principalmente a não obturação de todos os condutos presentes em um dente, sendo 

os molares superiores os dentes com a maior prevalência de canais não obturados (em torno de 

40%) (Karabucak et al. 2016). No entanto, a prevalência de canais não obturados em molares 

inferiores também foi expressiva (em torno de 20%). 

Na Endodontia, as radiografias periapicais têm um papel essencial no diagnóstico e 

tratamento. Entretanto, por serem imagens bidimensionais, apresentam limitações que podem 

dificultar a avaliação da complexibilidade dos canais radiculares. A sobreposição das estruturas 

e as distorções geométricas da técnica podem dificultar na visualização e identificação dos 

canais radiculares e suas variações (Domark et al. 2013; Matherne et al. 2008; Soares De 

Toubes et al. 2012). Nesses casos, a utilização de exames tridimensionais pode ser necessária.  
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A tomografia computadorizada de feixe cônico (TCFC) representa a modalidade de 

imagem tridimensional mais utilizada na Odontologia. Além disso, a TCFC representa um 

método eficaz para análise da configuração dos canais radiculares (Patel, Brown, Pimentel, et 

al. 2019). A TCFC permite uma avaliação multiplanar e dinâmica das estruturas visualizadas. 

Além disso, as limitações observadas nos exames bidimensionais, como sobreposição de 

estruturas e distorções geométricas são superadas nessa modalidade de imagem. Ademais, os 

softwares da TCFC permitem manipulação das imagens, como alteração no brilho, contraste e 

aplicação de filtros (Domark et al. 2013; Matherne et al. 2008; Soares De Toubes et al. 2012).  

Entretanto, a TCFC utiliza maior dose de radiação quando comparada às radiografias 

periapicais. Devido a isso, seu uso deve levar em consideração os princípios da justificativa e 

otimização, para que os benefícios superem os possíveis riscos na sua utilização (Patel, Brown, 

Pimentel, et al. 2019; Patel, Brown, Semper, et al. 2019). Além disso, os tomógrafos de feixe 

cônico permitem a utilização de diferentes protocolos de aquisição, nos quais podem ser 

modificados parâmetros energéticos como a quilovoltagem (kV) e miliamperagem (mA). Esses 

dispositivos ainda permitem a utilização de diferentes resoluções espaciais, diferentes tamanhos 

de campo de visão (FOV) e utilização de ferramentas de redução de artefatos de imagem. 

Entretanto, a modificação de alguns parâmetros de aquisição, como os energéticos e o tamanho 

do FOV, está diretamente relacionada à dose de radiação a qual o paciente será exposto. Logo, 

é necessária cautela ao definir as configurações da aquisição tomográfica (Michetti et al. 2010; 

Yeung et al. 2021). 

Como mencionado, as variações anatômicas do sistema de canais radiculares podem 

dificultar o sucesso no tratamento endodôntico; sendo assim, o conhecimento da prevalência 

dessas variações, como a presença do CMM, é importante para alertar os clínicos que tenham 

atenção sobre essa condição. Além disso, a classificação atualmente utilizada foi baseada em 

exames bidimensionais (Pomeranz, Eidelman, and Goldberg 1981), e a avaliação em exames 

de TCFC pode demonstrar a existência de outros padrões. Dessa forma, os objetivos no presente 

estudo compreendem a avaliação da prevalência do CMM numa subpopulação brasileira 

utilizando exames de TCFC e da possível correlação com aspectos anatômicos da raiz mesial. 

Ademais, classificar o CMM a partir da análise de imagens tridimensionais. 
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ABSTRACT 

Aim 

To determine the prevalence of Middle Mesial Canal (MMC) in a Brazilian subpopulation, 

verify whether its presence is related to anatomical characteristics of the tooth, and propose a 

classification using cone-beam computed tomography (CBCT). 

Methods 

CBCT scans of 284 patients were evaluated by two radiologists to determine the presence of 

the MMC in mandibular first and second molars. Subsequently, the mesio-distal and buccal-

lingual measurements of the mesial roots were obtained; the measurements between the root 

canals, and from MMC to the mesiobuccal canal and to the mesiolingual canal were also 

obtained. The MMC was classified according to its relationship with mesiobuccal and 

mesiolingual canals. The data were analyzed using chi-square and Fisher's exact test, Multiple 

Logistic Regression analysis, Student's t-test, Kappa and Intraclass correlation coefficient 

(p<0.05). 

Results 

The intra-examiner agreements for the presence of the MMC and the measurements were 

considered almost perfect (0.953 and 0.999, respectively). Of 216 mandibular first molars, 

11.1% had the MMC, and of 228 mandibular second molars, only 1.75% had the MMC. The 

presence was significant higher in the mandibular first molar (p<0.0001). The buccal-lingual 

measurement and the measurement between mesiobuccal and mesiolingual canals were higher 

in teeth with MMC (p=0.024 and p=0.005, respectively). It was possible to classify the 

configuration of MCC into four types: Independent (60.7%) Confluent (14.3%), Mesiolingual 

confluent (14.3%), and Mesiobuccal confluent (10.7%). 

Conclusions 

The prevalence of MMC is more pronounced in mandibular first molars and anatomical 

measurements, such as greater measurement between mesiobuccal and mesiolingual canals, 

may alert clinicians to its presence. It was found 4 types of configurations of MMC. 
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INTRODUCTION 

The mandibular first molars are the teeth most affected by pulp infections that require 

endodontic procedure1,2. The knowledge of the root system is a basic requirement for 

endodontic treatment success1. Tooth submitted to an endodontic treatment needs a complete 

cleansing and obturation of all canals that compose its root system, since there is a significant 

correlation between missed canals and the presence of apical periodontitis3-5. The most frequent 

root canal systems morphology is well-documented in the literature, but some anatomical 

variations can be found, and the dentist must know the possible variations of this complexity1.  

Normally, mandibular molars have three root canals, being two in the mesial root and a 

single in the distal root6,7. The middle mesial canal (MMC) is a variation that can be found in 

mandibular molars. This canal is located between the mesiobuccal canal (MBC) and the 

mesiolingual canal (MLC). The incidence of this variation is variable in the literature8–14. Some 

studies reported incidence ranging from 8% to 46%8–14. The varied prevalence can be explained 

by the different methods of assessment and population studied.  

The MMC can be classified into 3 types: fin, confluent and independent15. This 

classification was proposed based on two-dimensional radiography. However, nowadays cone-

beam computed tomography (CBCT) is a usual and indicated imaging exam for endodontic 

assessment16–18. This imaging modality provides information that two-dimensional radiographs 

are low accurate to represent, including the root canal system configuration19–21. When the 

justification and optimization principles are respected, the CBCT can be an important exam that 

can help the endodontic treatment planning16–18. Considering the importance of knowing the 

prevalence of anatomical variations of the canal systems to help professionals be aware of it, 

the aims of this study were to evaluate the prevalence of the MMC in a Brazilian subpopulation, 

and verify whether its presence is related to sex and anatomical measurements of the tooth. 

Moreover, this study aimed to propose a classification of the MMC using the three-dimensional 

evaluation of the CBCT scans. 

 

MATERIAL AND METHODS 

Sample selection 

This cross-sectional study was approved by the local Institutional Research Review 

Board (protocol number #44182621.5.0000.5418). All CBCT scans were taken for endodontic 
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reasons, between September 2019 and December 2020, in a private radiology center, 

independent of the present study. The scans were acquired using the Veraview X800 (Morita, 

Kyoto, Japan) unit operating at 90 kV, 10 mA, 4x4 cm of field of view (FOV), and 0.08 mm 

voxel size.  

All CBCT scans containing at least one mandibular molar (being first or second) were 

included in this study. Teeth with non-completed root formation, dental anomalies, root 

fractures and scans severely affected by artifacts were excluded from this study. 

Prevalence of Middle Mesial Canals  

 The evaluation of the presence of MMC was performed by two oral and maxillofacial 

radiologists with at least three years of experience in CBCT evaluation in consensus using 

OnDemand 3D software (Cybermed Inc., California, USA) in a dimmed-light and quiet room. 

This step was done by two examiners due to the complexity of the root systems in molars and 

to decrease suspicion about the presence or absence of MMC. In case of disagreement, a third 

oral and maxillofacial radiologist with more than ten years of experience in CBCT was 

requested to reach a consensus. The examiners used all the multiplanar reconstructions and 

enhancement tools to review the mandibular molars root anatomy. The information of patients’ 

sex was recorded.  

Anatomical characteristics 

 After assessing the prevalence, the teeth with MMC were evaluated for their anatomical 

characteristics. This evaluation was carried out by one oral and maxillofacial radiologist in the 

same way, conditions, and software used in the first step. 

Mesio-distal and buccal-lingual measurement of the mesial root 

 The mesio-distal and buccal-lingual measurements of the mesial root were obtained in 

the axial plane. The position on this plane was standardized at the level of tooth furcation 

visualized on the sagittal plane. To confirm the level of the axial plane, the mesial root should 

be visualized individually. (Figure 1). The buccal-lingual measurement was made between the 

most external lingual and buccal surface of the root (Figure 2a). The mesio-distal measurement 

was made between the mesial and distal surface of the root aligned with the MMC (Figure 2b). 
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Figure 1: A: Sagittal CBCT plane showing the set position for the measurements; B: Axial 

CBCT plane showing the mesial root individually visualized where the measurements were 

performed. 

  

Figure 2: A: Buccal-lingual measurement. B: Mesio-distal measurement. 

Measurement between root canals 

At the same plane and position, the measurement from the MMC to the mesiobuccal 

canal (MBC) and to the mesiolingual canal (MLC) was performed separately. The measurement 

was made between the center of the orifice of the canals. (Figure 3a and 3b). Subsequently, the 

measurement between the MBC and MLC was also obtained (Figure 3c).  
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Figure 3: Axial CBCT showing the measures between the canals of the tooth. A: Measurement 

between MMC and MBC. B: Measurement between MMC and MLC. C: Measurement between 

MBC and MLC. 

Configuration of the MMC 

 The MMC was classified according to its relationship with MBC and MLC. This step 

was carried out with a dynamic evaluation with all multiplanar reconstruction. It was found 4 

types: Independent: separate orifice and independent apical foramen; Confluent: separate 

orifice but joins with mesiobuccal and mesiolingual with a common apical foramen; 

Mesiolingual confluent: separate orifice, but joins only with mesiolingual; Mesiobuccal 

confluent: separate orifice, but joins only with mesiobuccal (Figure 4 and 5). 

 

Figure 4: Schematic illustration of the MMC according to the three-dimensional classification.  
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Figure 5: Coronal CBCT plane showing the four types of MMC found. A: Independent; B: 

Confluent; C: Mesiolingual confluent; D: Mesiobuccal confluent. 

 

Control cases 

 Teeth without MMC, paired for sex and molar type against teeth with MMC, were 

selected to perform the anatomical analysis to compare both teeth with and without MMC. In 
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the teeth without MMC, the measurements obtained were the mesio-distal and buccal-lingual 

length of the mesial root, and between MBC and MLC. 

Intra-examiner agreement 

After 30 days of the completion of the evaluation, 30% of the sample was re-assessed 

under the same conditions to verify the intra-examiner agreements. 

 

Statistical analysis 

 All the statistical analyses were performed using the SPSS software version 24.0 (IBM, 

Armonk, NY) with a significance level set at 5%. The prevalence of MMC was represented by 

frequency and percentage. The association between the presence of MMC and sex was analyzed 

using chi-square and Fisher's exact test. Chi-square test was also used to compare the prevalence 

of MMC in first and second molars. Multiple logistic regression analysis assessed whether one 

or more measurements could be a predictor of the presence of MMC. The measurements of the 

teeth with and without MMC were compared by Student's t-test. The intra-examiner agreement 

for the prevalence was analyzed using the Kappa test and interpreted according to the Landis 

& Koch (1977)24; the intra-examiner agreement for the measurements was evaluated using the 

Intraclass Correlation Coefficient (ICC). The power analysis was calculated considering the 

sample size and the prevalence of MMC for analysis of the prevalence; the chi-square or Fisher 

value and the degree of freedom for chi-square and Fisher's exact test; the regression coefficient 

and standard error for multiple logistic regression analysis; and the means and standard 

deviations for Student's t-test. All analyses achieved a statistical power of 90%. 

RESULTS 

CBCT scans of 284 patients were included in this study, being 103 men and 181 women. 

The number of mandibular first molars was 216 and the MMC was found in 24 teeth, 

corresponding to a prevalence of 11.1%. For mandibular second molars, 228 teeth were 

evaluated, and only 4 presented the MMC, corresponding to 1.75% of prevalence. The presence 

of MMC was significantly higher in mandibular first molars (p<0.0001) (Table 1). Table 2 

shows the distribution of the presence and absence of MMC according to patients' sex. There 

was no significant association between the presence of MMC and the patients’ sex in both 

mandibular first and second molars (p= 0.229 and p=0.569, respectively). 

Table 1. Distribution of the presence and absence of MMC according to the teeth 
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Tooth Presence Absence Total 

Mandibular first molar 24 (11.11%) 192 (88.89%) 216 (100%) 

Mandibular second molar 4 (1.75%) 224 (98.25%) 228 (100%) 

Total 28 (6.30%) 416 (93.70%) 444 (100%) 

the distribution is significant different according to the tooth (p<0.0001, Fisher's exact test). 

 

Table 2. Distribution of the presence and absence of MMC according to sex 

Sex 
Mandibular first molar Mandibular second molar 

Presence Absence Presence Absence 

Male 6 (7.7%) 72 (92.3%) 1 (1.3%) 78 (98.7%) 

Female 18 (13.0%) 120 (87.0%) 3 (2.0%) 146 (98.0%) 

Total 24 (11.1%) 192 (89.9%) 4 (1.57%) 224 (98.43%) 

Sex did not influence the distribution of presence and absence of MMC in mandibular 

first and second molars (p= 0.229 and p=0.569, chi-square and Fisher's exact test, 

respectively). 

Table 3 shows the mean of the measurements performed in teeth with and without 

MMC. The buccal-lingual measurement was significantly higher in teeth with MMC (8.79 mm) 

than in those without MMC (8.44 mm) (p=0.024). Still, the measurement between the MBC 

and MLC in teeth with MMC was significantly higher (3.47 mm) than in teeth without MMC 

(2.94 mm) (p=0.005). The mesio-distal measurement was similar for teeth with and without 

MMC (3.16 mm for both) (p>0.05) (Table 3). The measurements from MMC to MBC and MLC 

showed that MMC is closer to MLC. 

Table 3. Mean and standard deviation (SD) of the measurements in teeth with the MMC and without 

the MMC in mm 

Tooth 

Measurements 

Buccal-lingual 
Mesio-

distal 

Between MBC and 

MLC 

Between 

MMC and 

MBC 

Between MMC 

and MLC 

With the MMC 

(n=28) 
8.79 (0.32) 3.16 (0.11) 3.47 (0.34) 1.91 (0.37) 1.74 (0.42) 
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Without the 

MMC (n=38) 
8.44 (0.38) 3.16 (0.10) 2.94 (0.32) - - 

p-value* 0.024 0.9962 0.0005 - - 

* according to Student t-test. 

The regression analysis showed the measurement between MBC and MLC as a predictor 

of the presence of MMC, with a 4 times greater chance of a tooth having MMC with greater 

measurements between MBC and MLC (p=0.014) (Table 4). 

Table 4. Multiple Logistic Regression analysis according to the measurements 

Measurements 
Regression 

coefficient 
SE Z p-value OR IC 95% 

Mesio-distal  -0.389 0.949 -0.409 0.681 0.677 0.11-4.36 

Buccal-lingual  0.350 0.593 0.589 0.555 1.419 0.44-4.54 

Between MBC and 

MLC 
1.433 0.587 2.442 0.014 4.194 1.33-13.25 

 

According to the classification, Independent was found in 60.7% of the teeth with 

MMC, followed by Confluent and Mesiolingual confluent (14.3% for both) and Mesiobuccal 

confluent with 10.7% (Table 5). 

Table 5. Frequency and percentage of the classification according to the teeth. 

Classification First molar Second molar  Total 

Independent 14 (58.3%) 3 (75%)  17 (60.7%) 

Confluent 3 (12.5%) 1 (25%) 4 (14.3%) 

Mesiolingual confluent 4 (16.7%) 0 (0%) 4 (14.3%) 

Mesiobuccal confluent 3 (12.5%) 0 (0%) 3 (10.7%) 

Total (n) 24 (100%) 4 (100%) 28 (100%) 

 

The intra-examiner agreements for the presence of MMC and for the measurements 

were almost perfect (0.953 and 0.999, respectively).  
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DISCUSSION 

The MMC is an anatomical variation relevant to mandibular molars, and its 

identification is important to successful endodontic treatment. The non-obturation of all root 

canals is a factor that could persist the symptoms of apical periodontitis in patients submitted 

to endodontic treatment3,4. The known anatomical of the root system is important to plan the 

endodontic treatment and some variations of the common anatomy can be found in teeth and 

make their treatment difficult. So it is important to know the prevalence of these variations to 

understand the probability of the clinicians finds challenging endodontic treatment. This study 

assessed the prevalence of MMC in a Brazilian subpopulation in mandibular first and second 

molars and the anatomical aspects of the teeth and found 11.1% and 1.75%, respectively. 

The presence of the MMC was first introduced by Pomeranz in 1981; the prevalence of 

this third canal in mesial root of mandibular first molars is being referred in the literature 

differently, which makes its study important. Qiao et al. (2020) reported the lowest prevalence 

of MMC in mandibular first molars, being 3.41% in a Chinese subpopulation, followed by 

Kuzekanani et al. (2020), who found 8.1% in the Kerman subpopulation. The closest prevalence 

to that of the present study was found by Weinberg et al. (2020) and Akbarzadeh et al. (2017), 

who found 13.73% and 14.7% in American subpopulations, respectively. Higher prevalence 

values were also reported in the literature, ranging from 22.0% to 37.5%11,13,14. Tahmasbi et al. 

(2017) reported a 26% prevalence of MMC in an American subpopulation as well. As the 

present study, these five previous studies have also used CBCT scans for analysis; however, 

the spatial resolution varied among the studies.  

In contrast, other studies have assessed the prevalence of MMC based on their findings 

during root canal treatment. Nosrat et al. (2015) found a 22% prevalence of MMC using a dental 

operating microscope, while Azim et al. (2015) found MMC in 37.5% of their sample with a 

similar method, both in American subpopulations. The main source of discrepancies among the 

prevalence of different studies may be the studied population. Other important hypotheses are 

the method used to evaluate the presence of MMC and the sample size, which varied among 

the studies. Although we have raised the method as a possible cause for variation because it 

appears that the prevalence with dental operating microscope tends to be higher, a study showed 

that dental operating microscope and CBCT imaging are equally effective in detecting the 

presence of MMC.9 Considering the studies that used CBCT scans, the voxel size could also 

influence the results, since a recent study found that smaller voxel size increased the detection 

of second mesiobuccal canals in maxillary molars.22 It is important to note that the present study 
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used high spatial resolution CBCT scans, which may favor the visualization of the root system. 

Further studies in different countries should be carried out to compare variations in the 

prevalence of MMC among the global population.  

We found that the prevalence of MMC in second molars was significantly lower, at only 

1.75%. This significance may alert the clinicians to the possibility of an anatomical variation 

to mandibular first molars, which are the teeth most subjected to endodontic procedures1,2. Only 

a few studies have reported the prevalence of MMC separately for mandibular second molars, 

and the values also varied considerably, being 8%,11 16%13 and 60%14, probably due to the 

factors raised for the first molars. Of those, only one tested whether the distribution of MMC 

cases was different between molar types; although the raw data pointed out that the prevalence 

was higher in first molars than in second molars (22% versus 16%), the difference was not 

statistically significant, which is opposite to our findings.  

The CBCT is a suitable imaging method to evaluate teeth with complex anatomy. In 

endodontics, the use of CBCT is commonly requested when patients had persisted symptoms 

and the intraoral radiography is limited in diagnosing. The justification principle needs to be 

clear for the clinicians before this request, that is, the benefits succeed the potential risks16–18. 

In cases of mandibular first molars with persisted symptoms after endodontic treatment, the 

dentist can suspect of the presence of a non-obturated canal. The intraoral radiography can be 

the first imaging method to assess the origin of the persisted apical periodontitis, but in some 

cases, this method could be limited and the CBCT should be considered. Regardless, other 

technical errors could also be the origin of persisted apical periodontitis, as underfilling canal 

and even vertical root fractures3,4. Therefore, the clinicians need to know the indication of the 

exams, clinical signs, previous medical history to be more accurate about the diagnosis.  

The MMC classification by Pomeranz et al. (1981) was the first and is currently used. 

The authors classified this canal using intraoral radiographs, which could be limited to an 

appropriate visualization of the root canal system15. The CBCT allows a multisectional and 

dynamic evaluation of the root canal system and, when compared to bidimensional radiography, 

CBCT has a more accurate visualization for endodontic examination20. Still, CBCT allows 

enhancement of brightness, contrast, and application of filters during the evaluation. This 

dynamic evaluation allows clinicians to explore more accurately the morphology of the root 

system19–21.  In this study, the evaluation was performed in all multiplanar reconstructions and 

the application of filters, enhancement of brightness and contrast was used for the examiner to 

achieve an appropriated visualization. Thus, this evaluation was carefully performed to 
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visualize the root canal path, the pulp chamber orifice and apical orifice to define the proposed 

classification. The use of three-dimensional examinations in the present study allowed the 

Pomeranz’s classification to be further developed since it was possible to evaluate the type of 

confluence that the MMC showed.    

In the present study, the MMC presented four different types with a variable frequency. 

The most frequent was Independent, with 60.7%, and the less frequent was Mesiobuccal 

confluent. The Independent MMC represents a canal with a separate orifice and independent 

apical foramen. This configuration represents less complexity when compared to canals with 

ramifications and confluences1. Few studies have evaluated the MMC configuration and found 

that the confluent type was the most prevalent.13,14 However, it appears that the configuration 

was evaluated using periapical radiographs rather than using 3D imaging as the present study. 

Assessment of the canal system using 2D imaging may mask independent canals by the 

overlapping nature of 2D and may lead to misinterpretations. Some studies, based on CBCT 

imaging, reported that the more complex the root system configuration, the greater the 

occurrence of endodontic technical errors4,23,24. Further research is encouraged to verify if the 

complexity of MMC is related to the occurrence of endodontic technical errors. Furthermore, 

applying this classification in different imaging methods, such as micro-CT and different 

populations could be considered. 

This study evaluated the anatomical aspects aiming to correlate the presence of MMC 

with some of them, because this topic is still controversy in the literature. While one study 

concluded that there does not seem to be a correlation between the presence of MMC and mesial 

intracanal distance,9 other investigation found that distance is shorter in teeth with MMC.10 The 

latter finding does not seem reasonable, because the distance between mesiobuccal and 

mesiolingual canals should be larger to fit the third canal, or at least it should be similar to that 

of teeth without MMC. Our data reinforced our hypothesis about the need for more space in the 

tooth to fit the third canal, since both mesial root width and the distance between mesiobuccal 

and mesiolingual canals were statistically significantly greater in teeth with the MMC, and the 

intracanal distance was also indicated as a predictor of the presence of MMC in the regression 

analysis. It is not possible to establish a measurement at which MMC will be present, but these 

findings may alert the clinicians when the presence of MMC should be suspected during the 

three-dimensional evaluation of the CBCT scan. In the clinical routine, the use of the operating 

microscope can also evaluate the distance between the regular canals and alert the clinicians.   
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Although the present study used high-resolution scans, CBCT examination is not the 

gold standard for the presence of MMC; other imaging methods, such as micro-CT and nano-

CT could be more specific in defining the anatomy. Nonetheless, these methods are exclusive 

to laboratory analysis and could not be used in patients such as those in the present study. 

However, studies with extracted mandibular molars could be performed to analyze MMCs and 

describe their anatomy in these imaging modalities. Despite the limitations, the prevalence of 

MMC is relevant for clinicians’ knowledge because it could predict the possibility of 

encountering this variation during the endodontic procedure.  

CONCLUSIONS 

The presence of MMC is a significant variation to be found in mandibular first molars, 

with a prevalence of 11.1%; however, it is an uncommon variation to be found in mandibular 

second molars, with a low prevalence of 1.75%. No association was found between its presence 

and patients’ sex. Anatomical characteristics, such as the measurement between mesiobuccal 

and mesiolingual canals and the buccal-lingual measurement of the mesial root, are 

significantly higher in teeth with MMC, which may alert clinicians to its presence. Finally, the 

proposed classification showed four types of MMC with different levels of complexity, being 

the Independent the most prevalent.  
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CONCLUSÃO 

Foi possível concluir que: 

- o CMM ocorre de forma semelhante em ambos os sexos, sendo uma variação significativa 

nos primeiros molares (11,1%) e incomum nos segundos molares (1,75%);  

- raízes mesiais com maior distância vestibulo-lingual e entre os condutos mesiovestibular e 

mesiolingual servem de alerta para a presença do CMM;  

- foram encontrados  quatro tipos de configuração de CMM, com maior prevalência para o tipo 

independente. 
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APÊNDICE 

 

METODOLOGIA DETALHADA 

 

Este estudo foi realizado após a aprovação do Comitê de Ética e Pesquisa da 

Faculdade de Odontologia de Piracicaba da Universidade Estadual de Campinas (CAAE 

44182621.5.0000.5418). 

 

Descrição da amostra 

Foi realizado um estudo observacional retrospectivo, onde foram utilizados exames 

de Tomografia Computadorizada de Feixe Cônico (TCFC) de um banco de imagens realizadas 

com razões alheias ao estudo. 

Foram selecionados exames de TCFC realizados entre o período de setembro de 

2019 e dezembro de 2020 em um centro de diagnóstico odontológico privado. Os exames 

selecionados foram realizados no aparelho de TCFC Veraview X800 (Morita, Quioto, Japão), 

com os protocolos de 90 kV, 10 mA, campo de visão de 4 x 4 cm e voxel de 0,08 mm. Os 

exames selecionados tiveram indicação para avaliação endodôntica. Foi atribuída a faixa estaria 

de pacientes entre 18 e 60 anos. 

 

Critérios de inclusão 

• Exames com pelo menos um molar permanente inferior completamente formado. 

 

Critérios de exclusão 

• Dentes com presença de anomalias ou alterações adquiridas, como fraturas radiculares 

e reabsorções radiculares internas; 

• Exames com a visualização severamente prejudicadas pela presença de artefatos de 

imagem; 

• Dentes que não estivessem totalmente dentro do campo de visão do exame. 

 

Prevalência do Canal Mesial Médio 

As imagens foram avaliadas quanto a presença e ausência do Canal Mesial Médio 

(CMM) em consenso por dois avaliadores, utilizando o software On Demand 3D (Cybermed, 
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Irvine, EUA). A avaliação foi realizada em uma sala com a iluminação reduzida e ambiente 

silencioso. Os avaliadores fizeram uma avaliação dinâmica dos volumes de TCFC nas três 

reconstruções multiplanares e foi permitido a modificação do brilho e contraste das imagens, 

além da aplicação de filtros quando necessário. 

Em caso de divergência quanto a presença ou não do CMM. Um terceiro avaliador 

foi requisitado para os casos específicos. 

Dados quanto ao sexo do paciente foram tabulados para posteriores correlação com 

a prevalência. 

 

Correlação da presença do CMM e os aspectos anatômicos  

Após a avaliação da prevalência, os dentes com CMM foram avaliados quanto aos 

aspectos anatômicos. Essa avaliação foi realizada por apenas um avaliador, no mesmo software 

e condições citados na etapa anterior.  

 

Medidas mésio-distal e vestíbulo-lingual da raiz mesial 

Para realização das medidas mésio-distal e vestíbulo-lingual, foi selecionada a 

reconstrução axial. A posição nessa reconstrução foi padronizada ao nível da região de furca 

dos dentes visualizados. Nessa localização foi possível observar a raiz mesial de forma 

individual.  

A medida mésio-distal foi realizada entre a superfície mesial e a superfície distal da 

raiz mesial na direção do CMM. 

 

 

 

 

 

 

 

 

Figura 1: Ilustração esquemática da medida mésio-distal realizada na reconstrução axial. 
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A medida vestíbulo-lingual foi realizada entre as superfícies vestibular e lingual 

mais externas da raiz mesial. 

 

Figura 2: Ilustração esquemática da medida vestíbulo-lingual realizada na reconstrução axial. 

 

Medidas entre os canais radiculares 

Na mesma reconstrução axial e na mesma localização no volume, foram realizadas 

as medidas entre o CMM e o canal mésio-lingual e entre o CMM e o canal mésio-vestibular.  

  

Figura 3: Ilustração esquemática das medidas: (a) CMM e canal mésio-lingual e (b) CMM e 

canal mésio-vestibular realizadas na reconstrução axial. 

 

Em seguida, foi realizada separadamente uma mensuração entre os canais mésio-

lingual e mésio-vestibular. 

Raiz mesial Raiz distal 

a 

b 
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Figura 4: Ilustração esquemática da medida entre os canais mésio-lingual e mésio-vestibular 

realizada na reconstrução axial. 

 

Classificação da anatomia do CMM 

O CMM foi classificado em quatro tipos: 

- Independente: Orifício separado e forame apical independente; 

- Confluente: Orifício separado, mas une-se aos canais mésio-vestibular e mésio-lingual em 

um forame apical único; 

- Mésio-lingual confluente: Orifício separado, nas une-se apenas ao canal mésio-lingual; 

- Mésio-vestibular confluente: Orifício separado, nas une-se apenas ao canal mésio-

vestibular. 

 

Raiz mesial Raiz distal 
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Figura 5: Ilustração esquemática do CMM de acordo com a classificação. 

 

Grupo controle 

Baseado no número de dentes com CMM, foi estabelecida uma quantidade pareada 

quanto ao tipo de dente (primeiro ou segundo molar) e sexo de dentes sem CMM para análise 

dos aspectos anatômicos para comparação entre os grupos. Neste grupo, foram realizadas as 

medidas mésio-distal, vestíbulo-lingual e as medidas entre os canais mésio-lingual e mésio-

vestibular.  

 

Concordância intra-examinador 

Após 30 dias da completa avaliação, 30% da amostra foi submetida novamente às 

mesmas avaliações realizadas anteriormente, sobre as mesmas condições citadas para verificar 

a concordância intra-examinador. 

 

Análises estatísticas 

As análises estatísticas foram realizadas através do software SPSS versão 24.0 

(IBM, Armonk, EUA) com o nível de significância estabelecido de 5%. A prevalência foi 

representada por frequências e porcentagens. A correlação entre a presença do CMM e o sexo 

dos pacientes foi analisada através do teste do qui-quadrado para analisar possível predileção. 

Em relação aos aspectos anatômicos, foi utilizada a análise de regressão para avaliar se um ou 
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mais fatores influenciaram na presença do CMM. A concordância intra-examinador foi avaliada 

pelo teste de Kappa para presença/ausência do CMM e pela concordância intraclasse para as 

medidas anatômicas obtidas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 
 

ANEXOS 

1. Parecer Consubstanciado do Comitê de Ética 
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