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Resumo
Introdução: O conhecimento da morfologia normal da mandíbula humana e suas possíveis variações anatômicas, 
que ocorrem, são de fundamental importância na prática odontológica, especialmente nas áreas da cirurgia e 
implantodontia. A região retromolar é delimitada pela margem anterior do ramo da mandibular, crista temporal e 
face distal do último molar inferior. Nessa área pode ser observado o canal retromolar que pode emergir pelo forame 
retromolar. Objetivo: O presente estudo objetiva avaliar a ocorrência de canais retromolares em exames de tomografia 
computadorizada de feixe cônico e relaciona-la com suas possíveis repercussões clínicas. Material e método: Foram 
selecionadas 300 imagens de TCFC provenientes do Departamento de Radiologia da Faculdade São Leopoldo Mandic. 
O presente estudo foi do tipo observacional descritivo e todas as imagens foram processadas e trabalhadas no software 
XoranCat do próprio equipamento. Resultado: Dos 300 exames de TCFC analisados, os canais mandibulares eram 
únicos em 210 (70,0%). Nos demais 90 casos constatou-se a presença alterações anatômicas no canal mandibular, 
indicando que a taxa de prevalência dessa condição na amostra foi de 30,0%. A ocorrência dos canais retromolares 
foi observada em 15 pacientes da amostra total (5,0%), sendo 06 pacientes do gênero masculino e 09 pacientes 
do gênero feminino. Conclusão: Ratifica-se a importância de um minucioso conhecimento da região retromolar 
devido a grande prevalência de cirurgias realizadas na região posterior da mandíbula, a fim de ter previsibilidade 
nos planejamentos e consequentemente otimizar os procedimentos anestésicos e cirúrgicos realizados, minimizando 
as falhas anestésicas e os acidentes cirúrgicos. 

Descritores: Cirurgia; anatomia; mandíbula.

Abstract
Introduction: Knowledge on the normal morphology of the human mandible and its possible anatomical 
variations are of fundamental importance in dental practice, especially in the areas of surgery and implantodontics. 
The retromolar region is delimited by the anterior margin of the ramus of the mandible, the temporal crest and 
the distal surface of the last lower molar. In this area, a retromolar canal may be observed emerging through the 
retromolar foramen. Objective: This study aims to evaluate the prevalence of retromolar canals in cone beam 
computed tomography (CBCT) images and to correlate it with their possible clinical repercussions. Material and 
method: 300 CBCT images were selected from the Department of Radiology of the São Leopoldo Mandic Dental 
School. This was an observational descriptive study and all the images were processed and analyzed on XoranCat. 
Result: Of the 300 CFCT scans analyzed, a single mandibular canal was observed in 210 (70.0%). In the remaining 
90 cases, anatomical changes were observed relating to this canal, indicating that the prevalence of this condition in 
this sample was 30%. The prevalence of retromolar canals was observed in 15 patients (5.0%), of which 06 were in 
males and 09 in females. Conclusion: The importance of a full knowledge on the anatomy of the retromolar region 
is herein reiterated due to the high prevalence of surgical procedures in the posterior region of the mandible, which 
could optimize predictability at treatment planning as well as anesthetic and surgical outcomes, thus minimizing 
anesthetic failures and surgical accidents. 

Descriptors: Surgery; anatomy; mandible.
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INTRODUCTION

A thorough understanding of the normal morphology of the 
human mandible and possible anatomical variations therein are 
fundamental in dental practice, especially in oral surgery and 
implantodontics1. The mandibular canal harbors the neurovascular 
bundle and begins in the mandibular foramen on the medial aspect 
of the ramus of the mandible, where it exists through the mental 
foramen. The mandibular canal may present some anatomical 
variations. The retromolar canal (RMC) is an important anatomical 
variation and should be considered during planning and execution 
of surgeries in the posterior mandible, as this subject has been 
neglected in anatomy manuals and, consequently, in the academic 
training of dental professionals.

There may be several extraosseous branches of the inferior 
dental nerve prior to penetration through the mandibular canal, and 
such variations may be associated with the presence of accessory 
foramens and multiple canals2,3. A significant correlation has been 
observed between RMC and the accessory mandibular foramen4.

The retromolar region is delimited by the anterior margin of 
the ramus of the mandible, the temporal crest and the distal aspect 
of the last lower molar. In this area, a RMC may be present and 
emerge through the retromolar foramen4,5. The RMC presents 
morphological and morphometric variability6, including a posterior 
concavity7 as well as straight RMC8.

The presence of RMC has been reported by some authors in 
different populations, showing its increasing incidence2-5. There 
have only been a few published studies on this subject and there 
is no current systematic review on the prevalence of RMC and its 
clinical implications, namely risk of inferior alveolar nerve block 
failures, accidents and surgical complications such as paresthesia 
and hemorrhage9,10.

In this accessory mandibular foramen there may be myelinated 
nerve fibers and blood vessels that are direct branches of the inferior 
alveolar neurovascular bundle. These ramifications may supply the 
region of the third molar, the mucosa of the retromolar triangle, 
the buccal mucosa and the lower molars11. Thus, accessory canals 
in the retromolar region are functionally important for the delivery 
of the neural and / or vascular components of the mandible.

Panoramic radiography is one of the most suitable radiographic 
examinations for initial evaluation of dental patients, since it 
provides an overview of the dental and bone structures of the 
maxilla and mandible and is cost effective. Many dental surgeons, 
however, are unaware of anatomical variations of this canal and thus 
may be unprepared to visualize them on panoramic radiographs. 
Interpretation of such images is fundamental in planning control of 
surgical risks and failures in the posterior region of the mandible12.

For Cavalcanti13, conical beam computed tomography 
(CBCT) has been shown to be superior to conventional imaging 
for mandibular canal visualization, though visualization of this 
landmark may vary significantly between individuals and even 
between different mandibular regions within the same individual. 
The posterior portions of the mandibular canal are better visualized 
than the anterior aspects and CBCT is superior to conventional or 

digital panoramic radiography in detecting the mandibular canal 
and evaluating different mandibular regions14.

The present study aimed to evaluate the prevalence of RMC in 
CBCT images and to relate them to possible clinical implications.

MATERIAL AND METHOD

The sample was selected from a routine population seen at 
the Department of Radiology of São Leopoldo Mandic School, 
Campinas-SP. A non-probabilistic convenience sample was therefore 
used in this study, which was descriptive and observational.

CBCT images from 500 patients from the archives of the Department 
of Radiology of São Leopoldo Mandic College, Campinas-SP, were 
examined and 300 images were selected according to the inclusion 
and exclusion criteria below. This project was approved by the 
Research Ethics Committee of the São Leopoldo Mandic Dental 
School, Campinas-SP, registration nº 811.741.

The sample consisted of tomographic examinations of patients, 
both male and female, ranging in age from 13 years to 87 years, 
who underwent radiographic imaging in without controlling for 
ethnicity, gender, age or type of dentition.

All images had been taken using the Classic I-Cat (Imaging 
Sciences International, USA), with voxel standardized at 0.25 mm, 
Fov (Field of view) of 13 cm and acquisition time of 40 pulsating 
seconds according to manufacturer’s instructions, with a useful 
radiation time of 6.6 seconds. The equipment operates at fixed 
120 kV (+ or – 5 kV) and 7 mA according to the resolution selected.

All images were processed and analyzed in the XoranCat 
software (Xoran Technologies, USA). The anatomical planes were 
first corrected using the equipment’s own workstation via the 
multiplanar reconstruction page (MPR).

From an axial slice (0.25 mm thick), a plane was drawn along 
the alveolar ridge of each patient. A panoramic image was then 
generated and subsequent cross-sectional slices were performed, 
being 1.00 mm in thickness and at a distance of 1.00 mm between 
slices. In this study, only RMC with a diameter greater than 1 mm 
were included. Images were selected in chronological order of 
acquisition, using the XoranCAT v. 3.0.34.

All images were evaluated by a single experienced observer, 
who was a specialist radiologist. The analysis was performed in 
a quiet environment with adequate lighting. The images were 
evaluated in three spatial planes (axial, sagittal and coronal) and 
in the transaxial or oblique sections of the mandible along the path 
of the mandibular canal, according to the Figure 1.

In order to optimize identification of the mandibular canal, small 
modifications were made in the section plane, such as brightness, 
contrast and application of image filters, since the path of the 
mandibular canal is not linear and should be individualized for 
each side of the patient. Cases in which the presence of RMC was 
verified, oblique sections were also performed, in order to obtain 
images in the buccal-lingual direction.

In order to evaluate the frequency of retromolar canals in 
relation to gender, age and affected side, percentage frequency 
was used with a descriptive analysis of the results. Images with 
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satisfactory tomographic quality were included in the sample of 
patients of both genders who underwent concomitant computed 
tomography. Patients with a history of mandibular trauma, bone 
lesions in the lower arch, orthognathic or restorative surgery in the 
posterior region of the mandible were excluded from the sample.

As images were derived from archived scans, the patients 
were not exposed to additional X-rays. For images with a positive 
identification of changes in the mandibular canal, the patient was 
informed in the original radiographic report. For data collection, 
an Excel spreadsheet (Microsoft, Seattle, USA) was developed to 
store data such as accession number, affected side, age and gender 
of the patient, Figure 2 shows a retromolar channel closely related 
to a horizontally impacted third molar.

Statistical Analysis

The sample was characterized in terms of gender and age in 
absolute (n) and relative (%) terms.

The findings relating to retromolar canals were described as 
absolute and relative frequencies, according to the gender of the 
participants and according to the location (right unilateral, left 
unilateral and bilateral). In addition, the associations between 
the mandibular bifid canals and gender as well as location were 
investigated using Fisher’s exact test and chi-square tests, respectively.

Statistical calculations were performed on SPSS 20 (SPSS INC., 
Chicago, IL, USA) and BioEstat 5.0 (Mamirauá Foundation, Belém, 
PA, Brazil). The significance level was set at 5% (0.05).

RESULT

In this study, 300 concomitant CT scans belonging to the 
archive of the Department of Radiology of the São Leopoldo 
Mandic School, located in the city of Campinas - SP, Brazil were 
evaluated. Of the 300 images, 112 (37.3%) were from males, while 
188 (62.7%) were from females.

The CT scans analyzed in this study belonged to individuals 
aged between 13 to 87 years, and the mean age of the sample was 
48.4 years, with a standard deviation of 15.0 years. Among the 
males, whose ages ranged from 13 to 77 years, the mean age was 
46.4 years, with a standard deviation of 16.1 years. Among women, 
age ranged from 14 to 87 years, with the mean being 49.5 years 
and a standard deviation of 14.2 years. Using the Student’s t-test 
for independent samples, no difference in age between male and 
female subjects was observed (p = 0.077).

In the 300 CBCT scans analyzed, 210 (70.0%) showed a single 
canal, whereas the remaining 90 presented anatomical variations 
in the mandibular canal, indicating that the prevalence of this 
condition in this study sample was 30.0%, according to Table 1.

In the above-mentioned 90 cases, 39 men and 51 women, 
anatomical alterations in the mandibular canal were observed. 
Fifteen patients (5.0%) presented a posteriorly directed trajectory 

Figure 1. Illustration of the methods evaluating the tomographic images; (A) Axial image with tracing of the mandibular contour to obtain 
cross-sectional slices; (B) Panoramic reconstruction; (C) Cross sections.

Figure 2. Image demonstrating a retromolar canal in close relationship 
with a horizontally impacted third molar.
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of the canal, formation 22 retromolar canals, because in 7 patients 
the retromolar canal occurred bilaterally, while 08 patients had it 
unilaterally, and an additional retromolar foramina was observed 
in 7.33% of the cases, as shown in Table 2.

In the 90 patients identified, 39 males and 51 females, a total 
of 129 accessory canals were detected. Such canals took different 
directions after leaving the mandibular canal, e.g. anterior or mesial, 
lingual, inferior or towards the base of the mandible. The occurrence 
of RMC was observed in 15 patients of the total sample (5.0%), 
06 males and 09 females. In no case was the presence of anatomical 
alterations of the mandibular canals observed in a buccal, alveolar 
or upward direction.

DISCUSSION

Full understading of the anatomy of the mandibular canal and 
its variations, such as bifid canals, foramina and RMC have great 
importance in the planning and execution of surgical and anesthetic 
procedures. Many anatomy textbooks, however, fail to describe 
the presence of the retromolar foramen, causing professionals to 
neglect or ignore its existence.

Chávez-Lomeli  et  al.15 reported that the mandibular canal 
is formed from the fusion of three individual nerve branches at 
different stages of development. In addition to the fusion of the nerve 
branches, the formation of bone canals around such nerves may also 
occur. During prenatal growth, bone remodeling takes place via 
intramembranous ossification that will give form the mandibular 
canal. This would explain the occurrence of bifid mandibular canals 
and retromolar canals, in some patients, secondary to incomplete 
fusion of these three nerves16.

In dental practice, panoramic radiography is one of the most 
requested diagnostic tests, due to an overview of the components 
of the maxillary, mandibular, dental complex at relatively low cost. 
In the present study, the evaluations were made using CBCT and 

the anatomical alterations of the mandibular canal were observed 
in 30% of the cases. Previous studies using panoramic radiographs 
have reported incidences barely reaching 1%16,17. CBCT-based 
studies, however, have shown much higher values with prevalence 
rates ranging from 15.6% to 65%18-20. Therefore, conventional 
radiographs cannot be relied upon to detect anatomical variations 
of the mandibular canal.

Only bifid canals with a diameter greater than 1 mm were 
included as anatomical alteration of the mandibular canal, aiming 
at standardization and clinical relevance of the results. In addition, 
entries such as “false mandibular or pseudo-bifid canals”, as described 
by Kim et al.21, were carefully avoided. A similar image to a bifid 
canals can be produced by the impression of the mylohyoid nerve 
onto the inner surface of the mandible16. Such images may lead to 
misdiagnoses, especially in panoramic reconstructions. Therefore, 
it is important to combine different reconstruction approaches in 
the evaluation of the mandibular canal anatomy.

In the present study, a 5.0% prevalence of retromolar canals 
was detected. Several other studies have evaluated the presence 
of RMC, reporting a wide variation in prevalence depending on 
the method adopted by each study15-18. Regarding the additional 
retromolar foramina, the present study found a prevalence of 7.33%, 
which is corroborated by several studies22-24. Bilecenoglu, Tuncer4 
reported a prevalence of 25% for the histologically demonstrated 
retromolar foramen and that these canals had myelin nerve fibers, 
an artery and numerous venules, supplying part of the third molar, 
as well as the retromolar mucosa.

A higher prevalence of retromolar canals occurring bilaterally 
was observed in this study when compared to other reports in the 
literature, which have found a higher prevalence of right-sided 
retromolar canals11,19,22,24, though some authors have not observed 
differences between the right and left sides in dry mandibles2 or 
in computed tomography images8. Notwithstanding that, other 
studies have demonstrated RMCs more frequently on the left side 

Table 1. Absolute (n) and relative (%) frequencies of anatomical alterations in the mandibular canal, in CBCT, according to gender

Gender
Anatomical changes of the mandibular canals

Total p-value
Present Absent

Male 39 (34.8%) 73 (65.2%) 112 (37.3%)

0.193Female 51 (27.1%) 137 (72.9%) 188 (62.7%)

Total 90 (30.0%) 210 (70.0%) 300 (100.0%)

Fisher’s exact test.

Table 2. Absolute (n) and relative (%) RMC frequencies in CBCT, according to location

Gender Male Female No gender distinction

Location Present Absent p-value* Present Absent p-value* Present Absent p-value*

Unilateral R 02 (5.1%) 37 (94.9%) 1.0 01 (1.96%) 50 (98.04%) 0.242 04 (4.4%) 86 (95.6%) 0.529

Unilateral L 02 (5.1%) 37 (94.9%) 1.0 03 (5.8%) 48 (94.2%) 0.242 04 (4.4%) 86 (95.6%) 0.529

Bilateral 02 (5.1%) 37 (94.9%) 1.0 05 (9.8%) 46 (90.2%) 0.242 07 (7.7%) 83 (92.3%) 0.529

*Chi-square.
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than on the right side5,25. In the present study, the presence of RMC 
occurred more frequently in females, though the literature have 
not identified and gender predilection21,22.

Regarding anesthetic procedures, the presence of alterations in 
the mandibular canal and RMCs may result in anesthetic failures, 
since such canals may exit through accessory foramens and contain 
a neurovascular bundle24. Failure to achieve adequate anesthesia may 
therefore be observed when performing the inferior alveolar nerve 
block for procedures in the region of the last mandibular tooth or 
in the retromolar area. Also, the solution to this problem would be 
to select an alternative approach such as the Gow-Gates technique.

Another aspect of fundamental importance regarding the 
occurrence of retromolar canals regards surgical procedures 
involving the posterior region of the mandible, such as extraction 
of unerupted/impacted teeth, installation of dental implants, 
osteotomy for autologous bone grafting from the ramus of the 
mandible or for orthognathic purposes8.

Studies on the incidence of RMC are important to prevent failures 
in regional anesthesia of the inferior alveolar nerve and buccal 
nerve fibers4 as well as to minimize the occurrence of accidents 
and complications in the posterior region of the mandible. During 
osteotomies in the posterior mandible for exodontia, paraesthesia 

of the mucosa of the retromolar region and of the buccal mucosa 
on the operated side may occur, secondary to trauma to the nerve 
that emerges through the retromolar foramen, which is a branch 
of the nerve inferior alveolar nerve9.

Some authors have identified that components of the RMC 
are nerves that provide innervation to the pulp of the third molar, 
retromolar region and fibers of the temporal and buccinator muscles10,11. 
The neurovascular bundle can be injured and cause excessive 
bleeding during third molar extraction or sagittal osteotomies of 
the mandible, as well as during procedures involving dissection of 
tissues, mucoperiosteal detachment and osteotomies in general22.

CONCLUSION

According to the results obtained in this study, a prevalence of 
5.0% of retromolar canals was found, occurring more in women 
and bilaterally. The importance of a thorough knowledge of the 
retromolar region is herein reiterated based on the high prevalence 
of surgical procedures performed in the posterior region of the 
mandible. This in turn would benefit predictability in treatment 
planning and consequently optimize both anesthetic and surgical 
procedures, thus minimizing failures and accidents.
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