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Objectives This study assessed the anatomical variations of the mental foramen (MF) and presence and length of the anterior loop and the incisive 
canal in a selected Iranian population using cone-beam computed tomography (CBCT).  

Methods This descriptive, cross-sectional study evaluated CBCT scans of 256 patients (123 males, 133 females) over 18 years of age. The CBCT 

multiplanar reformatted panoramic images (10-mm thickness) were used to assess the anatomical position of the MF and presence/absence and 
length of the anterior loop. The cross-sectional images were used to assess the presence/absence and length of the incisive canal. The anatomical 

variations were compared in the right and left sides and between males and females using dependent and independent t-test. SPSS version 21was 

used for statistical analysis. 
Results The most common position of MF was adjacent to the apex of the second premolar, noted in 41.4% of the patients. The second common 

position of MF was between the apices of the first and second premolars (30.1% of the patients). The anterior loop was present in 44.3% of the 

patients. The mean length of the anterior loop and the incisive canal was 2.64 mm and 7.15 mm, respectively. No significant difference was noted 
between males and females or right and left sides in any variable (P>0.05). 

Conclusion Anatomical variations of the anaterior mandible indicate the significance of 3D imaging to prevent nerve traumatization by proper 

treatment planning.  
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Introduction 

The inferior alveolar nerve travels forward in the mandibular 

canal and is branched close to the mental foramen (MF) into 

the mental nerve that innervates the surrounding tissue and 

the lower lip, as well as the incisive nerve, which remains in 

bone, travels in the incisive canal, and innervates the anterior 

teeth. However, in some individuals, the terminal part of the 

inferior alveolar nerve may pass through the inferior border 

of the MF and after branching of the incisive nerve, create a 

loop and return back to the MF. This anatomical variation is 

referred to as the anterior loop of the MF. The MF can have 

different shapes, sizes, and anatomical positions.
1
 

Comprehensive knowledge on anatomical variations of the 

MF and its exact position, length of the incisive canal, and 

presence/absence of the anterior loop is imperative prior to 

surgical procedures in the anterior mandible.
2
 Moreover, 

repeated failures during injections and high risk of injury to 

the vascular branches in the anterior mandible highlight the 

importance of knowledge about the anatomical variations in 

this region.
3
  

Wide variations have been reported in the literature 

regarding the prevalence and length of the anterior loop; 

therefore, assuming a fixed distance mesially from the 

mental foramen will not be safe. Also, diameter of the 

incisive canal should be investigated for each case in order 

to determine the appropriate location for each individual.
 4, 5

  

Previous studies on anatomical variations in the MF region 

mainly used panoramic radiography for this purpose, which 

is not highly accurate due to lower precision, risk of 

superimposition of anatomical structures due to its 2D 

nature, and presence of artifacts.
6
  

Considering the significance of having adequate knowledge 

about the surgical site anatomy, and the limitations of 

conventional imaging modalities, application of advanced 

imaging prior to treatment planning seems imperative. 

Evidence shows that magnetic resonance imaging can 

provide reliable cross-sectional images of the jaws for 

preoperative assessment of bone in implant treatment.
7
 

However, despite its biological safety, magnetic resonance 

imaging has limitations for use especially in claustrophobic 

patients and those with pacemakers, implantable 

defibrillators, artificial heart valves, cerebral aneurysm clips, 

or ferrous foreign bodies in the eye.
8
 Thus, it cannot be 

extensively used for preoperative treatment planning.  

A recent study on the efficacy of ultrasound for assessment 

of MF showed that this modality can be effectively used for 

determination of the location, shape, and size of the MF as 

well as the flow rate of the mental artery. Nonetheless, 

ultrasound has lower accuracy than cone-beam computed 

tomography (CBCT) in assessment of the distance between 

MF and alveolar crest.
 9
  

In the recent years, CBCT has been used for precise 

evaluation of anatomical structures such as the MF, incisive 

canal, and anterior loop. CBCT has advantages over 

computed tomography such as lower patient radiation dose 

and lower cost.
10

  

The purpose of this study was to assess the most common 

anatomical variations in the MF region with regard to the 

position of the MF, presence/absence of the anterior loop 

and its length, and length of the incisive canal and any 

significant variations noted in an Iranian sample population 

using CBCT. 

Methods and Materials 

This descriptive cross-sectional study evaluated the CBCT 

scans of 256 patients retrieved from the archived scans 
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obtained during 2017-2018. The study was approved by the 

ethics committee of Shahid Beheshti University of Medical 

Sciences (IR.SBMU.RIDS.REC.1396.572). 

All CBCT scans had been obtained by NewTom VGi CBCT 

scanner (Verona, Italy) with the exposure settings of 110 

kVp, 12 x 8 cm field of view, and 200 µm voxel size. CBCT 

scans had been requested by the attending dental clinicians 

for diagnostic purposes not related to this study.  

The inclusion criteria were CBCT scans of the mandible 

visualizing central and lateral incisors, canine teeth, first and 

second premolars, and first molars of  patients over 18 years 

of age.  

The exclusion criteria were systemic and endocrine 

conditions affecting the bone metabolism such as 

osteoporosis, hyperparathyroidism, Paget’s disease, and 

renal osteodystrophy (determined based on patient records), 

local conditions affecting the bone quality and quantity in 

the mandible such as moderate to severe periodontitis, cysts, 

neoplasms, trauma or previous surgery in the region, 

presence of teeth with extensive amalgam restorations 

creating significant artifacts on the image, and presence of 

motion artifacts which would compromise correct 

interpretation of images.  

After selection of eligible CBCT scans, all images were 

checked and their occlusal planes were parallelized to ensure 

the accuracy of all cross-sectional images. Cross-sectional 

slices were made perpendicular to the alveolar ridge in the 

anterior and posterior mandible at the site of central and 

lateral incisors, canine teeth, first and second premolars, and 

first molars.  

This study focused on the anatomical position of the MF and 

presence/absence of the incisive canal and anterior loop and 

their lengths; thus, the following parameters were measured: 

- Anatomical position of the MF in the right and left sides 

- Mean length of the incisive canal in the right and left sides 

- Mean length of the anterior loop in the right and left sides 

All the above mentioned measurements were reported 

separately for males and females. All measurements were 

made by a senior dental student, who had been previously 

trained by an oral and maxillofacial radiologist. Thirty 

images were randomly chosen and measured again by the 

same observer after one month. The reliability of the 

measurements was examined using Kappa statistics (>0.75) 

and by calculating the intraclass correlation coefficient 

(=85%). The mean difference between the measurements, 

calculated by paired t-test, was not statistically significant 

(P>0.05). 

Anatomical position of the MF:  

For assessment of the anatomical position of the MF, the MF 

region was divided into six areas as follows: (I) between the 

roots of the canine and first premolar teeth, (II) adjacent to 

the root apex of the first premolar tooth
11

, between the roots 

of the first and second premolars, (IV) adjacent to the root 

apex of the second premolar tooth, (V) between the roots of 

the second premolar and first molar, (VI) and adjacent to the 

root apex of the first molar.
1
 

CBCT multiplanar reformatted panoramic images (10 mm 

thickness) were reconstructed. After finding the MF on the 

CBCT Panorex image, the center of the MF was marked, the 

cursor was fixed at the center of the MF and moved towards 

the cementoenamel junction. The anatomical position of the 

MF relative to its adjacent teeth was determined.  

Presence and length of the anterior loop:  

To assess the presence of the anterior loop, the CBCT 

Panorex images of the MF were used. In case of presence of 

the anterior loop in this region, the distance between the 

anterior border of the MF and the anterior border of the 

anterior loop was measured to determine the anterior loop 

length. For this purpose, on Panorex images, a line was 

drawn tangent to the inferior border of the mandible and then 

two lines were drawn perpendicular to it; one of them was 

tangent to the anterior border of the MF and the other one 

was tangent to the anterior border of the anterior loop. The 

distance between the two lines was measured by the software 

ruler (Figure 1).  

 
Figure 1- Schematic view of the inferior alveolar nerve anterior loop, 

MF and the incisive canal; A is the line tangent to the inferior border of 

the mandible, B is the line perpendicular to A and tangent to the 

anterior border of the MF, C is the line perpendicular to A and tangent 

to the anterior border of the anterior loop. The shortest distance 

between B and C, or the length of the anterior loop is 4 mm. 

 

Presence and length of the incisive canal:  

Cross-sectional CBCT images were used to assess the 

presence of the incisive canal. For this purpose, first, cross-

sectional cut of the MF was found (discontinuation of buccal 

cortex at the foramen area) and then the next sections were 

included until a section with a round lucent region with an 

opaque rim, which was considered as the incisive canal, was 

observed. Since the slice interval and image thickness were 

both 1 mm, the total number of cross-sectional images that 

visualized the incisive canal was considered as the canal 

length (Figure 2).  

 
Figure 2- Cross-sectional view of the mandible visualizing the incisive 

canal. Since the slice interval was 1 mm and the incisive canal was seen 

in 10 sections, the length of the incisive canal was calculated to be 10 

mm. 

Statistical analysis: 

Data were statistically analyzed using SPSS version 21. 

Measures of central dispersion were reported for the 
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variables. Data were compared between males and females 

and the right and left sides using dependent and independent 

t-tests.  

Results 

The CBCT scans of 256 patients including 123 males 

(48.04%) and 133 females (51.96%) were evaluated.  

Figure 3 shows the position of MF in the right and left sides 

based on its prevalence in the six areas described earlier. As 

shown, the most common position for MF (41.4%) in the 

right and left sides in both males and females was at the 

second premolar region (position IV). The area between the 

apices of the first and second premolars was ranked next 

(30.1%).  

 
Figure 3- Position of MF in the right (blue bars) and left (orange 

bars) sides based on its prevalence in the six areas described earlier 

The incisive canal was present in all of the patients. Table 1 

shows the mean length of the incisive canal in the right and 

left sides in males and females. As shown, the length of the 

incisal canal was not significantly different in the right and 

left sides (P=0.18) or in males and females. Comparing male 

and female patients, the P value was 0.19 for the left side 

and 0.15 for the right side. The minimum, maximum and 

mean recorded lengths of the incisive canal in our study 

population were 2, 15 and 7.15 mm, respectively.  

Table 1- Mean length of the incisive canal in the right and left 

sides in males and females 

Side Gender Number 
Mean length 

(mm) 
P Value 

Right Male 123 7.42 
0.150 

 Female 133 7.19 

Left Male 123 7.26 
0.194 

 Female 133 7.02 

Total Right 256 7.22 
0.182 

 Left 256 7.08 

 

Table 2 shows the mean length of the anterior loop in the 

right and left sides in males and females. The mean and 

maximum lengths were 2.64 mm and 6.1 mm, respectively. 

The anterior loop was present in 44.3% of the patients 

(43.1% of males and 45.45% of females). Its mean length 

was not significantly different in the right and left sides 

(P=0.62), or between males and females (P=0.90 and P=0.60 

for left and right sides respecively). 

Table 2- Mean length of the anterior loop in the right and left 
sides in males and females 

Side Gender Number 
Mean length 

(mm) 
P Value 

Right Male 123 2.83 
0.596 

 Female 133 2.53 

Left Male 123 2.59 
0.897 

 Female 133 2.65 

Total Right 256 2.68 
0.624 

 Left 256 2.59 

Discussion 

Knowledge about the anatomy of the anterior mandible can 

be acquired primarily by studies on the skulls 
3, 12

, and more 

precisely by 3D imaging modalities, particularly CBCT.  

Computed tomography can three-dimensionally reveal the 

quality, quantity, and morphology of the available alveolar 

bone. In the recent years, several studies have assessed the 

anatomical variations of the important landmarks in the 

maxillofacial region for more precise treatment planning and 

minimizing the rate of complications. The MF is an 

important landmark in the mandible, which has been the 

topic of many previous investigations. The position of the 

MF changes as a result of alveolar atrophy and it is shown 

that the MF was situated on average 3.8 mm lower in 

edentulous jaws than in dentulous jaws.
13

 There are also 

variations in shape, opening direction and location of MF 

between different races.
 1

 This study confirmed the results of 

previous studies regarding high anatomical variations of the 

assessed landmarks. Despite the availability of several 

studies on this topic, the current study evaluated these 

landmarks in a larger Iranian population. Moreover, as 

mentioned earlier, the patients with a history of systemic 

diseases affecting the structure of bone or local conditions 

such as moderate to severe periodontitis, cysts, neoplasms, 

trauma, or previous surgery in the region, were excluded 

from the study. 

This study assessed the anatomical variations of the MF, 

incisive canal, and anterior loop in a selected Iranian 

population using CBCT. Also, the anatomical variations 

were compared between right and left sides, and males and 

females. The current results indicated that the most common 

position of the MF was adjacent to the apex of the second 

premolar tooth (41.4%). The position of MF between the 

apices of the first and second premolars ranked second in 

terms of prevalence (30.1%). No significant difference was 

noted in the position of MF between the right and left sides 

or between males and females. The results of this study were 

similar to previous studies on Iranian populations using 

CBCT, reporting that the most common location of MF was 

adjacent to the second premolar apex in both sides and in 

both males and females. 
14-16

 In the study by Safaee et al,
16

 

the area between the apices of the first and second premolars 

was the second most common location of MF.  

Philips et al.
17

 used panoramic radiography to assess the 

position of mental foramen in dry adult human mandibles 

and reported that the average position of the mental foramen 

was mesial and below the apex of second premolar. Amorim 
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et al.
18

 conducted a panoramic-based study on a Brazilian 

population and reported that the area between the apices of 

premolars was the most common location of MF. Studies on 

the Iranian polupations using panoramic radiography 

reported the most common location of MF to be between the 

two premolars or in vicinity of the second premolar.
19-21

 Due 

to limitations of 2-dimensional imaging, position of the MF 

on panoramic images is shown to be affected by the 

horizontal course of the inferior alveolar nerve.
22

 These 

results indicate the high value of CBCT for surgical 

procedures in the anterior mandible. 

An anthropometric study of the position of MF in three 

different populations found that in the Chinese population, 

the most common location was adjacent to the second 

premolar apex while in the European and Indian populations, 

MF was between the apices of the first and second premolars 

in most cases. 
23

 Therefore, variations in the results can be 

attributed to racial and ethnic differences between the study 

populations.  

In this study, the incisive canal was evaluated on cross-

sectional images as a radiolucent area surrounded by an 

opaque rim. Our results indicated the presence of the incisive 

canal in 100% of our study population, which was different 

from the findings of Makris et al,
24

 and Pires et al,
25

 who 

reported the incisive canal on CBCT scans of 83.5% and 

83.0% of their study population, respectively. In an Iranian 

population, incisive canal was reported in 97.5% 
26

 of the 

study population using CBCT. The mandibular incisive 

canal has a small diameter, which becomes progressively 

smaller as it passes to more anterior portions of the 

mandible. This canal is surrounded by less cortical bone 

compared with the mandibular canal.
27

 These two facts could 

explain the differences in the reported values.  

The mean length of the incisive canal was 7.15 mm in this 

study, which was shorter than the length reported by Rosa et 

al,
27

 who reported a mean length of 9.11 mm using CBCT 

reformatted panoramic images in a Brazilian population. 

Lim et al,
28

 in Malaysia reported the mean canal length to be 

11.3 mm, using panoramic reconstructed CBCT images. A 

study on an Iranian population using CBCT reformatted 

panoramic images reported the mean length of the 

mandibular incisive canal to be about 10.4 mm.
26

 The 

difference in the reported lengths of the incisive canal in 

studies could be a result of racial differences and also 

differences in methods of measurements. Makris et al.
24

 used 

CBCT cross-sectional scans with a similar method to the 

current study and reported a mean canal length of 15 mm in 

a Greek sample population.  

In this study, the anterior loop was noted in 44.3% of the 

patients. Moghddam et al.
29

 reported the presence of anterior 

loop in 40.6% of patients using CBCT. Other studies on the 

Iranian populations detected the anterior loop in 59.5% 
26

 

and 32.8% 
5
 of their study populations using CBCT. The 

frequency of anterior extension of alveolar loop was 69.7% 

in the study by Filo et al, 
30

 on a Swiss population using 

CBCT. Li et al.
31

 used spiral computed tomography and 

reported the prevalence of the anterior loop to be 83.1% in a 

Chinese population. Such variations in the reported 

prevalence rates for the anterior loop can be due to 

geographical, racial, or ethnic differences of the study 

populations. Application of different imaging modalities, 

measurement methods, and using different definitions for the 

anterior loop are responsible for high variability in the 

reported results. 

In our study, the mean length of the anterior loop was 2.64 

mm, which was approximately similar to the values reported 

in the literature.
5, 27, 29

 Future studies on different ethnic 

groups residing in Iran are recommended.  

Variations in the location of MF, the considerable prevalence 

of the anterior loop, and the relatively high prevalence of the 

incisive canal in this study highlight the significance of 

requesting preoperative CBCT of the anterior mandible for 

precise treatment planning to prevent complications. 

 

Conclusion 

The most common location of the MF in our study 

population was found to be adjacent to the second premolar 

apex followed by between the roots of the first and second 

premolars. The incisive canal was observed in all patients, 

and the anterior loop was present in 44.3% of the population. 

Mean lengths of the incisive canal and anterior loop were 

7.15 mm and 2.64 mm, respectively and no significant 

difference was observed between the right and left sides or 

males and females. 
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