
SUMMARY
Background/Aim: The aim of the present study was to assess 

prevalence and morphologic mandibular canal variations in dry skulls. 
Material and Methods: Panoramic radiographs were obtained of 57 
skulls among the academic collection at the University of Pittsburgh. 
Orthodontic wire was inserted through the mandibular canal as a reference 
point at panoramic images for localization of the course of the mandibular 
canal. Results: Double mandibular canals were present in 2 out of 57 
skulls (3,5%); one of them was unilateral the other one was bilateral. 
Additionally, bifurcation of the mandibular canal and different types of 
configurations were assessed. In five of the specimens (8,8%) bifid canals 
were identified. Among them, one case (1,7%) was identified as a forward 
type. In one case additional canal (1,7%), was detected in the retromolar 
region, which joined the main canal. Three of the specimens (5,3%) showed 
accessory canal types. These were the canals that detached from the main 
canal and proceeded towards the molar teeth roots (dental type). All of these 
bifid canal types were unilateral. Conclusions: Our results depicted the 
anatomical variations of the mandibular canal. Dental practitioners should 
be aware of this underestimated but not a rare occurrence of mandibular 
canal variations in order to avoid complication during surgical procedures.  
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Introduction

The mandibular canal is located within the mandible 
and extends from the mandibular foramen to the mental 
foramen. Innervation of mandibular teeth and periodontal 
tissues is provided by bundle of nerves, arteries and veins 
in this canal. The mandibular canal is usually a single canal; 
however, in some cases, variations such as bifid (division 
into two parts or branches, bifurcation) mandibular canal, 
retromolar canal or dual mandibular canals have been 
described1-4. If the location and configuration of the 
mandibular canal is not clearly defined, complications may 
occur during dental procedures such as osteotomy, implant 
placement and third molar tooth extraction1-5. Bleeding, 
bruising, somatosensory disorders and traumatic neuroma 
are the most common complications after the mandibular 

canal injury6,7. In addition, failure to anesthetically block 
mandibular nerve may be caused by variations of the 
mandibular canal too8. Timely and accurate detection 
of the variations of the mandibular canal may prevent 
many clinical complications. Anatomical variations of the 
mandibular canal, such as bifid, trifid, double mandibular 
canal, have been reported in many previous studies using 
panoramic radiography9-12, computed tomography (CT), 
and cone-beam CT (CBCT)3,5,13-17. 

In most cases, the mandibular canal is wide and 
smooth. However, the variations generally included two 
branches. Patterson and Funke22, Kiersch and Jordan25 
were the first researchers to report a dual (double) 
mandibular canal radiologically in 1973. Langlais et 
al.11 stated that normal canals or bifid canals have 
additional accessory canals. It is important for the 
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Statistical analysis
All frequencies and percentages were calculated. 

Comparisons of values of all measurements were made 
between gender, ethnicity, and age by using unpaired t 
tests.

Results

Two of the 57 panoramic radiographs showed double 
mandibular canals (3,5%). One of these canals was 
bilateral and the other one a single-sided (Figures 1 & 2).

Five of the panoramic radiographs (8,8%) 
identified bifid canals (Figure 3). In one case (1,7%), 
the mandibular canal started as a single canal from 
the mandibular foramen, then unilaterally divided into 
two with a bone septum in the molar-apical region, and 
then joined (Figure 3a - a forward type). In the other 
case (1,7%), a type of bifid canal was detected in the 
retromolar region, which joined the main canal (Figure 
3c - a retromolar type). Three radiographs (5,3%) showed 
types identified as accessory canals. These were the 
canals that separated from the main canal and proceeded 
towards the molar teeth roots (Figure 3b - a dental type). 
All of these bifid canals were unilateral. The trifid 
type19,20, which was rarely detected in some studies, were 
not detected in our study.

clinician to recognize this unusual anatomic feature as to 
avoid possible complications when performing surgical 
procedures in the mandible. The aim of this study was to 
determine the incidence of branching variations during the 
course of the mandibular canal. In this study, panoramic 
radiographs of 57 dry skulls were examined.

Material and Methods

The presence of mandibular canal variations was 
examined using 57 panoramic radiographs obtained of 
57 adult skulls from the University of Pittsburgh, School 
of Dental Medicine’s collection. Orthodontic wire was 
inserted through the mandibular canal to trace its course 
on previously18. All radiographs were taken using 
Palnmeca proline Panoramic and later cephalometric unit 
from Planmeca inc. CT scanning was performed with an 
Ilumavision-Imtec (3-M, St. Paul, MN, USA).

Two independent researchers had to agree to 
characterize whether mandibular canals were of bifid or 
dual type. 

Most of the skulls were acquired from a seller in New 
York City around the 1930. This is an indication that these 
individuals lived at the east cost of the United States and 
were not from higher classes otherwise they would have 
received proper burials. The probable age, gender, and 
ethnicity were determined by various markers of the skulls.

Figure 1. Coronal cross-sections and panoramic image shows course of the duplicated canals; Panoramic radiograph of the skulls: orthodontic wires 
inserted in skulls to view the course of canal: a) Panoramic image of double-sided mandibular canal, b) Cross-sectional CT image at 20 area showing 

both superior and inferior double mandibular canal, c) Photographs of skull of the left posterior mandible at 19-20 area showing the opening of 
double mandibular canal d) Panoramic view of single-sided double mandibular canal CT scanning was performed to confirm this findings. 
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triple canals21 have been described in a small portion 
of the population.  The existence of bifid mandibular 
canal was first reported in 1973 in a case report22. 
This was confirmed by other case reports presenting 
unilateral23-26 or bilateral27-29 occurrence. In this 
study, 3,5 % of the specimens (2 skulls) had double 
mandibular canals with one mental foramen (Figures 
1 & 2). One of them was bilateral and the other 
unilateral.  

The words double or bifid were used 
interchangeably in the literature. The term “bifid” 
describes as a cleft into two parts or branches30. 
Various types of bifid mandibular canals have been 
defined and several classifications have been used 
in the literature according to anatomical location 
and configuration. However, these classifications 
were mainly referred to bifurcation that located in 
the mandibular ramus or at most extend to the molar 
region31 (Figure 4).  

A total of 18 female (32,14%) and 38 male 
(67,86%) skulls were included in this study. Double 
sided mandibular canals were observed in male skulls 
and unilateral mandibular canal was observed in a female 
skull. Bifurcation was observed in 2 female and 3 male 
skulls. There was no difference in bifurcation types by 
gender (p= 0,72). Of the total specimens, 29 (51,8%) 
of them were ≥ 40 years old, and remaining 27 (48,2%) 
were younger than 40 years old. Three of the bifurcated 
canals were observed in skulls ≥ than 40 years old, while 
2 of them were observed in younger group. There was no 
difference in age distribution (p= 0,73).

Discussion

The mandibular canal is usually a single canal; 
yet, occurrence of double mandibular canals  and even 

Figure 2.  CT scan – a) Sagittal MPR reconstruction shows course of the duplicated canal; the lingual lower canal extends to the mental foramen at the 
second premolar, the upper canal extends as incisive canal, b) cross-sectional image at the 20 area showing two opaque dots indicating superior and inferior 

double mandibular canals, c) Photographs of skull at 19-21 area showing the opening of double mandibular canal. Note that there is only one foramen.

Figure 3. a) Forward type: the mandibular canal started as a single canal from the mandibular foramen, then unilaterally divided into two, with a 
bone septum in the molar-apical region, and then joined, b) Dental type: the canals were separated from the main canal and proceeded towards the 

molar teeth roots, c) Retromolar type: a type of bifid canal detected in the retromolar region, which joined the main canal.
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et al.11 Clinical applications of computed tomography in 
dental practice improved diagnosis. Naitoh et al.5 using 
CT, developed the three-dimensional classification. Most 
of the subsequent CBCT studies15,17,20 adapted Naitoh’ 
classification. 

The reported prevalence of bifid mandibular canal 
was around 1% in the literature when dental panoramic 
radiographs were utilized10-12,30,32. Though, when digital 
panoramic images were used, higher incidences (2,3% 
- 11%) were reported33. On the other hand, mandibular 
canal variations were more frequently detected in studies 
using CT and CBCT (10,2% - 65%)5,14,15,17,20. Existence 
of discrepancies between studies are attributable to the 
inherited limitation of panoramic radiographs34. Yet, 
panoramic radiographs are the routine imaging methods 
in dentistry. They are more readily available for dental 
practitioner. Low cost and low radiation dose makes them 
the basic imaging methods in dentistry. 

In panoramic imaging, possible cause of 
misdiagnosed dual-canals may be due to the anatomical 
variations caused by pressure of the mylohyoid nerve 
on the inner mandibular surface, where it is separated 
from the inferior alveolar nerve going to the base of the 
mouth35,36, or radiographic osteo-condensation due to 
scattering of the mylohyoid muscle parallel to the inner 
surface of the mandible25. However, in our study, the 
anatomical formations’ confusion was not possible with 
the double mandibular canals because orthodontic wires 
were inserted to trace the mandibular canal.

In our study, double canals (Figures 1 & 2) remained 
split till mental foramen, which does not allow us directly 
to compare our results with published reports, except for 
a dry skull study9 and some case reports. The prevalence 
of double mandibular canal is very similar with Bogden 
et al, who reported 4% (2 cases out of 46 skulls) of the 
dry skulls showed double mandibular canal, starting 
at mandibular foramen and were then split in two by a 
bony septum9. In this study9, when other configuration of 
bifid canal considered in cases, the bifurcation increased 
up to 19,6% of dry skulls. In our study, in addition to 
double mandibular canal, branching of canal (bifid and 
accessory) was observed in 5 cases, a total of 7 cases 
(12,8%) in mandibular ramus and molar region. When the 
prevalence ratio was compared by age and sex, there was 
no significant difference between sexes and age groups. 
Our results are slightly lower than finding of Bogden et 
al.9 Nevertheless, in the Bogden et al. study, when 1000 
panoramic radiograph surveyed the prevalence of bifid 
mandibular canals drop down to 0,2%.      

A pioneering study by Nortje et al.12 examined 
3612 panoramic radiograms in 1977, and described 3 
main pattern of duplication, detecting double canals in 
33 cases (0,9%).  Later, Langlais et al.11, who developed 
a classification system based on anatomical location 
and configuration in 6000 panoramic radiographs, 
reported dual canals in a total of 57 cases (0,95%). 
Subsequent studies that utilized panoramic radiographs 
for detection of this anatomic variation mostly adapted the 
classification defined by Nortje et al.12 and by Langlais 

Figure 4.  Schematic representation of Langlais et al.11 and Naitoh et al.5 classification are the courtesy of Kuczynski et al.32 and Kang et al.14 
a) the Langlais et al.11 classification: (A) “Arm shaped” bifurcation extending from the mandibular foramen to the third molar or adjacent area, (B) 
“Island-shaped” bifurcation extending from the mandibular foramen to the mandibular body, and returning to the main canal, (C) Combination of 

types I and II in the same patient, (D) A main canal originated from two distinct mandibular foramina
b) Naitoh et al. 5 classification:  The forward canal included with confluence (A) or without confluence (B), (C and D) The bucco-lingual canal from 

the buccal or lingual wall, (E) The dental canal reached to the root apex, (F) The retromolar canal branched to the retromolar foramen 
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In addition to prevalence of bifid mandibular canals, 
we also evaluated different configurations of mandibular 
canal. Presence of accessory canals (5,3%), leaving the 
main canal and moving towards the molar teeth roots, 
were the most commonly detected type. Similar to the 
results of our study, in the panoramic scans of Nortje et 
al.12, accessory canals (dental type) were shown to be the 
most common type. The remaining types were retromolar 
and forward types. However, the reported prevalence 
of bifurcation types varied in the literature31. Moreover, 
lack of standardization in classification used in different 
investigations makes it difficult to compare these studies.

Prevalence rates of bifid mandibular canal also 
varied widely in different countries. In studies reporting 
bifid canal types using CBCT imaging method, 46,5% 
for Turkey17, 19% for Belgium13, 65-15,6% for Japan5,15 
and 30,6% for Taiwan3 are presented. This may be due 
to differences in the definition of bifid canal types and 
radiographic techniques used in different studies.

Clinical application of double mandibular canal has 
been described as a complication in mandibular anesthesia 
applications in the literature10,19,37. Some authors believe 
that the presence of two retromolar canals may be 
associated with difficulties in success of mandibular 
anesthesia. This problem is usually solved by performing 
a slightly higher level of lower alveolar nerve anesthesia 
(Gow-Gates technique)38. The anesthetic solution is 
injected into a higher region before the mandibular 
nerve is bifurcated, thereby providing an effective block. 
It is of great importance for dentists to identify the 
presence of bifid canals that will require modification 
of anesthesia techniques to prevent pain and discomfort. 
Other possible complications may arise due to possible 
damage to an unidentified dual mandibular canal during 
third molar surgery, orthognathic surgery, reconstructive 
mandibular surgery, and placement of dental implants. 
In addition, patients with atrophic jaws with mandibular 
prostheses may experience discomfort due to pressure 
on the neurovascular bundle. The main purpose of this 
study is to draw attention to the anatomical differences 
of mandibular canal that may cause complications when 
surgical procedures are required. Considering the possible 
presence of such interesting anatomical variations may 
help prevent complications during routine procedures and 
increase their success. 
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