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ABSTRACT

Objectives: It is critical to determine the location and configuration of the mandibular canal and related vital structures during 
the implant treatment. The purpose of the present paper was to review the literature concerning the mandibular canal and 
inferior alveolar neurovascular bundle anatomical variations related to the implant surgery.
Material and Methods: Literature was selected through the search of PubMed, Embase and Cochrane electronic databases. 
The keywords used for search were mandibular canal, inferior alveolar nerve, and inferior alveolar neurovascular bundle. The 
search was restricted to English language articles, published from 1973 to November 2009. Additionally, a manual search in 
the major anatomy, dental implant, prosthetic and periodontal journals and books were performed.
Results: In total, 46 literature sources were obtained and morphological aspects and variations of the anatomy related to 
implant treatment in posterior mandible were presented as two entities: intraosseous mandibular canal and associated inferior 
alveolar neurovascular bundle. 
Conclusions: A review of morphological aspects and variations of the anatomy related to mandibular canal and mandibular 
vital structures are very important especially in implant therapy since inferior alveolar neurovascular bundle exists in different 
locations and possesses many variations. Individual, gender, age, race, assessing technique used and degree of edentulous 
alveolar bone atrophy largely influence these variations. It suggests that osteotomies in implant dentistry should not be 
developed in the posterior mandible until the position of the mandibular canal is established.
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INTRODUCTION

Placement of mandibular endosseous implants can be 
problematic especially in the area of neurovascular 
bundles. The complications, such as altered sensation, 
numbness and pain, often occurred if these vital 
structures, such as inferior alveolar nerve (IAN) and 
mental foramen, are not properly identified.  In addition, 
damage of related blood vessels (e.g., inferior alveolar 
or lingual artery) may trigger excessive bleeding. 
Damage to these vital structures is often arising from 
clinicians’ surgical mistakes as well as fails to identify 
these structures [1]. Hence, it is critical to determine 
the location and configuration of the mandibular canal 
(MC) and related anatomical structures so these types 
of damages can be minimized [2]. Authors are planning 
to publish series of articles related to basic anatomy of 
mandibular vital structures, its practical application, 
diagnostic methods, possible damage and treatment at 
some stage in oral surgery procedures, mainly focused 
on dental implantology. Therefore, the purpose of the 
present study was to review the literature concerning the 
mandibular canal and inferior alveolar neurovascular 
bundle anatomical variations related to implant surgery.

MATERIAL AND METHODS

Literature was selected through a search of PubMed, 
Embase and Cochrane electronic databases. The 
keywords used for search were mandibular canal, and 
inferior alveolar neurovascular bundle. The search was 
restricted to English language articles, published from 
1973 to November 2009. Additionally, a manual search 
in the major anatomy, dental implant, prosthetic and 
periodontal journals and books were performed. The 
publications there selected by including clinical and 
human anatomy studies. To make it easier for readers, 
the morphology and variations of the MC and inferior 
alveolar neurovascular bundle were presented as two 
entities: intraosseous mandibular canal and associated 
inferior alveolar neurovascular bundle. 

Anatomy of the mandibular canal (MC)

The MC is a canal within the mandible that is beginning 
in mandibular foramen on the medial surface of the 
ascending mandibular ramus. It runs obliquely downward 
and forward in the ramus, and then horizontally 
forward in the body till mental foramen. It carries 
inferior alveolar neurovascular bundle [3]. The study 
of Rajchel et al. [4] on 45 Asian adults demonstrated 
that the MC, when proximal to the third molar 

region, is usually a single large structure, 2.0 to 2.4 mm 
in diameter. Measurement obtained from 105 cadaver 
mandibles, Obradovic et al. [5] found the average 
diameter of the MC in its horizontal part is 2.6 mm. 
Ikeda et al. [6] conducted similar cadaver study and 
reported that canal is approximately 3.4 mm wide. 
Sato et al. [7] examined 75 adult Japanese cadavers’ 
mandibles and concluded that vertical diameter of MC 
was about 5 mm. Anterior to the mental foramen the 
MC is referred to as the incisive canal [8-13].
 The anatomic features of the ascent of the canal 
as well as its buccolingual relationships have been 
studied extensively [14-17].
 It was mentioned that the MC might have 
different anatomic configurations in the vertical 
plane. For example, the canal may run lower when 
it proceeds anteriorly, or may have sharp decline, or 
drape downward in catenary’s fashion (Figure 1). The 
position in the vertical plane of the MC was evaluated 
from 3612 radiographs [18]. The MC, which houses the 
IAN, appears as a dark ribbon of radiolucency flanked 
by two radiopaque white lines. The radiographs were 
divided into four categories: 1) high MC (within 2 mm 
of the apices of the first and second molars), 2) 
intermediate MC, 3) low MC, and 4) other variations 
– these included duplication or division of the canal, 
apparent partial or complete absence of the canal or lack 
of symmetry (Figure 1). Of the 3612 radiographs, 48% 
of the canals were high, 49% were low, and only 3% 
could not be fitted into the high or low canal categories. 
The main conclusion of this study was that the MC are 
usually, but not invariably, bilaterally symmetrical, and 
the majority of hemi-mandibles contain only one major 
canal.
 It is interesting to emphesize that MC bifurcates 
in the inferior superior or medial lateral plane in about 
1% of patients. Duplication or division of the canal was 
found, via panoramic radiographs, in 0.9% (33/3612) of 
the cases in otherwise normal patients [18]. In another 
study, only 0.08% bifurcation of the IAN was found in 
5000 US Army recruits, aged 17 to 26 [19]. Furthermore, 
Langlais and co-workers [20] evaluated routine 
panoramic radiographs of 6000 patients, and they found 
57 (0.95%) cases of bifid inferior MC, 19 in males and 
38 in females. Sanchis et al. [21] analyzed panoramic 
radiographs of 2012 patients and reported that 0.35% of 
canals were bifid. All cases were registered in women. 
Claeys and Wackens [22] thought that bifid MC is often 
unrecognized. Naitoh et al. [23] used reconstructed 
computed tomography (CT) images to identify the bifid 
MC. They showed 4 (out of 5) sides had the bifid MC 
that possessed a short and narrow upper canal toward 
the distal area of the second molar while the remaining 
1 side had a short and narrow lower canal toward 
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Table 1. Percentage of occurrence of the bifid mandibular canal depending on 
radiological method of examination

Study
Radiological examination 

method
N

Bifid 
MC

Nortje et al. (1977) PR 3612 0.9
Grover and Lorton (1983) PR 5000 0.08
Langlais et al. (1985) PR 6000 0.95
Sanchis et al. (2003) PR 2012 0.35
Naitoh et al. (2009) CBCT 212 65

MC = mandibular canal; PR = panoramic radiographs; CBCT = cone beam 
computed tomography.

Figure 1. Panoramic radiographs showing different anatomic configurations (I) and position in the vertical plane (II) of the mandibular 
canal (MC).
I. Classification by Anderson et al. [16]: A = a steep ascent from anterior to posterior; B = a gentle, progressive curve rising from anterior to 
posterior; C and D = a catenary-like canal.  
II. Classification by Nortje et al. [18]: A = a high MC (within 2 mm of the apices of the first and second molars); B = an intermediate MC; 
C = a low MC; D = other variations (duplication or division of the MC, apparent partial or complete absence of the canal or lack of 
symmetry).  

A B

C D

the distal area of second molar. In the second study, 
Naitoh et al. [24] reconstructed 122 two-dimensional 
images of various planes in the mandibular ramus 
region to the computer program using three-dimensional 
visualization and measurement software. Bifid MC in 
the mandibular ramus region was observed in 65% of 
patients and 43% of sides. Furthermore, they classified 
bifid MC into four types: retromolar, dental, forward, 
and buccolingual canals. This finding confirmed 
importance of MC diagnostic method reliability.
 Table 1 lists how the method of radiological 
examination influenced the occurrence of 
bifid MC. Auluck et al. [25] using panoramic 
radiographs reported bifid MC existed in 5 (out 
of 6) cases and trifid was noted in the remaining 
1 case. Karamifar et al. [26] reported 2 cases 
with bilateral bifid MC. It has been mentioned 
that from an embryological perspective, 
there might be three inferior dental nerves 
innervating three groups of mandibular 
teeth [27]. How was the bifid/trifid MC 
formed? This has been hypothesized as 
following: during embryonic development 
a rapid prenatal growth and remodeling in 
the ramus region leads to intramembranous 
ossification that forms MC. The occurrence 
of bifid/trifid MC is thought to be secondary 
to the incomplete fusion of these three 

 nerves. Once the multiple canals are identified, the local 
anaesthetic injection technique, and surgical procedures 
can be modified to prevent pain, discomfort or even 
numbness during treatment.
 The more detailed vertical position of the MC 
was evaluated using either root apices of mandibular 
teeth and inferior border of mandible as anatomical 
landmark. Thus, Heasman [28] reported, from a study of 
96 plain films of dried mandibles, that in 68% of cases 
the MC passed along an intermediate course between 
the mandibular root apices and the inferior border of 
the mandible. A mean distance of 10 mm between the 
MC and the inferior mandibular border, proximally 
to the third molar region has been reported [4]. It has  
also been shown the upper border of the MC was 
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located 3.5 to 5.4 mm below the root apices of the first 
and second molars [29]. Denio et al. [30] evaluated 22 
cadavers and found the mean distance of the MC to the 
apices of mandibular second molar, the first molar and 
premolars were 3.7, 6.9, and 4.7 mm, respectively. Sato 
with coauthors [7] defined the presence and course of 
the MC using macroscopic cadaveric dissection and 
CT or panoramic X-ray observation. Panoramic X-ray 
observation revealed that the vertical position of MC 
was closer to the apices of the first and the second 
molars than that to the distance of inferior border of 
mandible. The MC position was measured within 30% 
of ratio from the distance of inferior border of mandible 
to the apices of the roots (mesial root of the first molar: 
20%; distal root of the first molar: 22.6%; mesial root 
of the second molar: 27.8% and distal root of the second 
molar: 47%) on panoramic X-ray observation. In one 
cadaver (male, 64 years old) the main trunks of the 
inferior alveolar artery, vein, and nerve were in tight 
contact with the apex of the second molar.
 When the mandibular teeth are lost, the alveolar 
bone that housed them resorbs in a varying degree 
[31,32]. All classic descriptions of the MC course 
mentioned above refer to dentate mandibles. In course 
of mandible atrophy, the dental ridge becomes lower, 
and this is why Levine et al. [33] measured the distance 
from the edentulous alveolar crest to the superior aspect 
of the MC of 50 patients who had a radiographically 
identifiable MC and at least one mandibular first molar. 
Results showed that the superior aspect of the MC was 
17.4 mm inferior from the alveolar crest. Similarly, 
Watanabe et al. [34] analyzed CT data of 79 Japanese 
patients (52 male and 27 female) and found that the 
distance from the alveolar crest to the MC ranged from 
15.3 to 17.4 mm. It is clear that the distance between 
the MC and the atrophic alveolar ridge is variable 
dimension and should be assessed in each particular 
case.
 It was reported that MC might have different 
anatomic configurations in the horizontal plane. Usually 
the MC crosses from the lingual to the buccal side of 
the mandible and in most cases the midway between 
the bucal and lingual cortical plates of bone is by the 
first molar [35-37]. According to Rajchel et al. [4], the 
MC, when proximal to the third molar region, courses 
approximately 2.0 mm from the inner lingual cortex, 1.6 
to 2.0 mm from the medial aspect of the buccal plate. 
Levine et al. [33] assessed MC bucolingual course for 
50 patients. The mean buccal aspect of the canal was 4.9 
mm from the buccal cortical margin of the mandible. 
Age and race were statistically associated with MC 
position relate to the buccal cortical mandibular margin 
(P < 0.05). Older patients and white patients, on 
average, have less distance between the buccal aspect of 

the canal and the buccal mandibular border. 
 Kim et al. [38] classified the buccolingual 
location of the MC into 3 types: type 1 (70%), where the 
canal follows the lingual cortical plate at the mandibular 
ramus and body; type 2 (15%), where the canal follows 
the middle of the ramus behind the second molar and 
the lingual plate passing through the second and first 
molars; and type 3 (15%), where the canal follows the 
middle or the lingual one third of the mandible from the 
ramus to the body.

Inferior alveolar neurovascular bundle

The mandibular nerve is the third and inferior to the 
most division of the trigeminal nerve, or the fifth cranial 
nerve. The lower branch is called the mandibular 
nerve [39]. The nerve enters the mandible through 
the mandibular foramen on the medial surface of the 
ascending mandibular ramus. After passing through 
the mandibular foramen, the nerve is called the inferior 
alveolar nerve. In the molar region, the IAN divides into 
the mental and mandibular incisal nerves [8,40].
 Within the MC, the IAN runs forwards in 
company with the inferior alveolar artery, vein, and 
lymphatic vessels and together they are called the inferior 
alveolar neurovascular bundle. The artery lies parallel 
to the nerve as it traverses anteriorly, but its position 
varies with respect to being superior to the nerve within 
the MC [41]. According to the report of Gowgiel [17], 
the neurovascular bundle from the mandibular foramen 
to the mental foramen is always in contact with, or in 
close proximity to the lingual mandibular cortex. It has 
been shown that vascular and nerve bundles may be 
extremely close to the buccal cortex of the mandible in 
patients with broad and thick mandibular rami. In the 
study of Tamas [15], this buccal position of the IAN 
was observed in 6% (10/164) of the mandibles. Kim et 
al. [38] in three-dimensional reconstruction of 10 canals 
revealed that the inferior alveolar vessel travelled above 
the IAN in 8 cases (80%), with the inferior alveolar 
artery being lingual to the inferior alveolar vein, and 
in 2 cases (20%) where the inferior alveolar vessel 
was buccal to the nerve. Pogrel et al. [42] dissected the 
inferior alveolar neurovascular bundle in the region of 
third molar from 8 cadaveric mandibles and examined 
clinically and histologically for the arrangement of 
the inferior alveolar artery, vein, and nerve. It was 
confirmed that the inferior alveolar vein lies superior 
to the nerve and that there are often multiple veins. The 
artery appears to be solitary and lies on the lingual side 
of the nerve, slightly above the horizontal position. This 
position appeared to be consistent in all cases.
 Despite a number of anatomical descriptions 
of the IAN, there is no consensus on its course and 
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Figure 2. Branching patterns of the IAN: classification by Kieser 
et al. [43]. A = single unbranched nerve; B = series of individual 
branches to the superior border of the mandible; C = fine molar 
plexus. D = proximal and distal nerve plexus. 

pattern of its distribution [43]. Traditionally there are 
two methods of IAN course and pattern investigation: 
cadavers study and medical imagination methods. First 
attempt to classify the IAN anatomy was provided by 
Olivier in 1928 [44]. He described two typical patterns 
based on the dissection of 50 mandibles: in Type I, the 
IAN was a single structural entity with branches to the 
individual teeth, and was observed in 66% of cases; 
in Type II, observed in 34% of cases, the IAN formed 
a plexus from which individual teeth were supplied. 
Carter and Keen [45], who studied 8 human mandibles, 
classified the IAN into three categories: the most 
common category consisted of a single nerve trunk that 
coursed directly beneath the apices of the mandibular 
teeth; the second category consisted of a large nerve 
from which individual nerves supplied the lower 
teeth; and the third category consisted of a nerve trunk 
superior to which there was a plexus that supplied the 
teeth. Wadu et al. [40] dissected 29 human mandibles 
and found that the nerve trunk divided into a plexus in 
the molar area in all cases.
 Polland et al. [32] studied the anatomy of the 
IAN in the edentulous human jaw. They examined 
7 mandibles and found a single large nerve bundle in 
each case. Kieser et al. [43] investigated the vertical 
positioning and intrabony branching patterns of the IAN 
in 39 edentulous human cadaveric mandibles by buccal 
microdissection. Dissected mandibles were classified 
on the basis of the height of the IAN within the body 
of the mandible and the branching pattern of the IAN. 
The IAN was located in the superior part of the body 
of the mandible in 30.7% (12/39) of cases, all of which 
showed a small posterior molar plexus of branches. In 
69.2% (27/39), the IAN was half-way or closer to the 
inferior border of the mandible. All of these latter cases, 
41% demonstrated a small, posterior molar plexus of 
branches, 37% showed posterior and anterior plexuses, 
and 22% had either no branches or a single trunk with a 
small number of single branches directed at the superior 
border of the mandible (Figure 2).
 Ikeda et al. [41] in their cadaveric study 
measured the IAN thickness and concluded that it is 
around 2.2 mm thick. Moriyama with coauthors [46] 
morphometrically analyzed the human IAN from 
22 dentate cadavers (11 female and 11 male). They 
estimated the average total number of myelinated 
axons in the female IAN to be 25,230, with an average 
transverse area of 34.1 μm2, an average perimeter of 
21.8 μm, and an average circularity ratio of 0.86, while 
in male IAN numbers as following: 20,278, 31.7 μm2, 
20.7 μm, and 0.87, respectively. The data showed no 
significant difference between the female and male 
specimens in any measured items (P > 0.05).
 The IAN supplies the mandibular molar and 

premolar teeth and adjacent parts of the gingiva. Its 
larger terminal branch emerges from the mental foramen 
as the mental nerve. Three nerve branches come out of 
the mental foramen [10]. One innervates the skin of 
the mental area, and the other two proceed to the skin 
of the lower lip, mucous membranes, and the gingiva 
as far posteriorly as the second premolar. The incisive 
branch, a continuation of the IAN, supplies the canine 
and incisor teeth [10].

CONCLUSIONS

1. In approximately 49% of cases mandibular canal and 
inferior alveolar neurovascular bundle has low vertical 
position and there is sufficient alveolar ridge height 
for osteotomy development over the mandibular canal. 
However in course of mandible atrophy, the dental ridge 
becomes lower to different degree in each particular 
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case. Furthermore in 48% of cases mandibular canal 
vertical position was diagnosed as high.   
2. In 70% of cases the mandibullar canal and inferior 
alveolar neurovascular bundle stretches throughout 
the mandible body forming an “S” shape curve. It 
approaches the lingual surface of the mandible in the 
area of the molars, and, stretching forwards to the front 
part, comes closer to the vestibulum surface. In order 
to plan a proper dental implantation method and select 
implants of a relevant type, it is important to be aware 
of the position of the mandibular canal in connection 
with the side compact lamellas.
3. Depending on method of investigation in about 0.08 
to 65% of patients, the mandibular canal bifurcates in the 
inferior superior or medial lateral plane. The detection 
of these anatomical variations is important because of its 
clinical implications such as the ineffective mandibular 

block or numbness noted in the lower jaw after implant 
surgery.
4. Inferior alveolar neurovascular bundle exists in 
different locations and possesses many variations. 
Individual, gender, age, race, assessing technique used 
and degree of edentulous alveolar bone atrophy largely 
influence these variations.
5. Osteotomies in implant dentistry should not be 
developed in the posterior mandible until the position 
of the mandibular canal is established.
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