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A B S T R A C T

Objectives: This study evaluated the prevalence, diameter and location of the mandibular incisive 
canal (MIC) and the transition pattern and anterior loop length (ALL) of the mental canal and 
compared these values between dentate and edentulous mandibles.
Methods: A total of 187 cone-beam computed tomography (CBCT) images of mandibles, namely, 
100 images of dentate mandibles and 87 images of edentulous mandibles, were obtained. CBCT 
data related to the incisive canal and mental canal were analyzed by one examiner.
Results: The prevalence of the MIC was 75~78 %, showing no difference based on laterality or the 
presence of teeth. The ALL significantly differed depending on the presence of teeth as well as sex. 
The presence of teeth affected the size of the MIC in the female group, and the diameter of the 
MIC in the edentulous group was significantly narrower than that in the dentate group. The 
diameter of the MIC was significantly greater in males than in females in the edentulous group. 
Meanwhile, the location of the MIC in the male group depended on the presence of teeth at each 
measuring point, and the MIC was significantly closer to the lower border of the mandible in the 
female group than in the male group at all measuring points except at 0 mm.
Conclusions: This study indicated that the presence of teeth significantly affects the type of 
transition of the mental canal, the ALL, and the diameter and location of the MIC. Additionally, 
sex could be a factor affecting MIC location, MIC diameter and anterior loop length.

1. Introduction

With the advent of dental implants, a traditional mandibular complete denture is not an adequate alternative to an implant- 
supported prosthesis, and comprehensive knowledge of the anatomy and its variations in the edentulous mandible is needed. Infor-
mation on the differences in the prevalence of the mandibular incisive canal (MIC) and measurements of the incisive canal diameter 
(ICD) and anterior loop length (ALL) of the mental nerve according to sex, the presence of teeth, age, or laterality is clinically needed.

Abbreviations: ALL, anterior loop length; MIC, mandibular incisive canal; MF, mental foramen; ICD, incisive canal diameter; CBCT, cone-beam 
computed tomography.
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The discrepancies between the anatomical prevalence and radiographic visibility of the MIC and anterior loop of the mental nerve 
present surgical challenges in the interforaminal region, which is considered a safe zone for surgical procedures, such as bone har-
vesting, genioplasty, and dental implant placement [1–4].

There are considerable variations in the ALL, the prevalence of the MIC, the transition pattern of the mental nerve and the diameter 
of the incisive canal. Before both CBCT and multislice spiral CT (MSCT), which yield submillimeter accuracy for linear measurement, 
became widespread in dentistry, major studies on the anatomical assessment of bony structures were performed using cadavers [2,
5–10]. There are a few reports that the discrepancies in the numerical data between CBCT and anatomical measurements have no 
significant influence [1,5], and CBCT demonstrated superiority in visualizing the anatomical structures of the mandibular region over 
panoramic radiography, with higher MIC detection rates of 83–100 % reported for CBCT versus 15–51.2 % for panoramic radiographs 
[1,11,12]. The MIC extends from the mandibular canal containing branches of the inferior alveolar nerve (IAN) [2,13]. The radio-
logical detection rate for the MIC varies from 11.2% to 100 % due to differences in imaging techniques, analysis methods, and studied 
ethnicity [14–16]. However, these values do not coincide with the anatomical results [2,3,5,11,16].

The MIC curves downward from the MF toward the inferior mandibular border to the buccal border rather than the lingual cortex, 
but it curves to the lingual side in the symphysis area [3,16]. The distance of the MIC from the lower border of the mandible varies, 
ranging from 9.36 to 11.5 mm near the MF area and from 7.01 to 9.4 mm near the incisor area [17–20]. Moreover, the ICD is suf-
ficiently large to be vulnerable to neurovascular bundle damage, provoking NSD during surgery [2,21–24], especially near the MF. The 
ICD also varies depending on the distance from the MF: 2.09 mm at the MF, 1.25 mm at the canine area, and 0.98 mm at the incisor area 
[2].

The transition of the mental nerve split from the IAN is classified into 3 patterns: an anterior loop pattern, a straight pattern, and a 
vertical pattern innervating the skin and mucosa of the lower lip, chin, and premolar area [7,25,26]. The ALL near the MF has been 
investigated to establish a safety margin based on the distance from the MF, which ranges from 1.74 mm to 11 mm [5,19,26].

Mandibular morphology changes in size, ramus angle, and neck inclination with age and tooth loss [27]. It is noteworthy that the 
location of the mandibular canal and mental foramen are more affected by tooth loss than by age, especially for surgical procedures 
related to the mandibular bone [28,29]. However, information on the location and prevalence of anatomical structures in the 
mandibular interforaminal region based on patient-related factors such as ethnicity, sex and dental status is limited. This study aimed 
to investigate the prevalence of the MIC and the measurements of the ICD and ALL as well as their differences according to sex and the 
presence of teeth using CBCT images to provide clinical information on the safety zone anterior to the MF, thereby allowing clinicians 
to avoid NSD related to surgery in the interforaminal region.

2. Materials and methods

This study was approved by the Institutional Review Board (IRB) of the Yonsei University College of Dentistry (Approval No. 2- 
2021-0001) and was conducted from 2021 to 2022.

A total of 200 CBCT images (100 for dentate patients, 100 for edentulous patients) of the mandibles of patients who visited Yonsei 
University Dental Hospital, Seoul, Korea, from January 2015 to December 2020 were randomly collected from the archives for this 
retrospective study. CBCT images were collected from patients with at least 24 teeth and completely edentulous patients. Additionally, 
images of patients with a medical or dental history of osteoporosis, maxillofacial trauma, orthognathic surgery, congenital anomalies, 
pathology, or reconstruction were excluded. According to the exclusion criteria, 13 CBCT images from edentulous patients were 
excluded. In total, 187 CBCT images, including 100 CBCT images of dentate mandibles (56 males and 44 females) and 87 images of 
edentulous mandibles (31 males and 56 females), were included. The mean age was 37.77 ± 13.89 years for the dentate patients and 
67.57 ± 10.69 years for the edentulous patients (Table 1).

2.1. 2-1. Imaging procedure

All the CBCT images were obtained with an Alphard 3030 device (Asahi Roentgen Ind., Co., Ltd., Tokyo, Japan) with the following 
exposure conditions: tube voltage, 80 kVp; tube current, 8 mA; exposure time, 17 s; field of view, 15.4 × 15.4 cm; and voxel resolution, 
0.3 mm. The CBCT images were reconstructed as follows: contiguous 1-mm-thick axial images were reconstructed parallel to the 
mandibular inferior border using the bone algorithm, and cross-sectional images were created with a thickness of 1.00 mm and dis-
played in axial, panoramic and cross-sectional views. CBCT data were exported in Digital Imaging and Communications in Medicine 
(DICOM) format and processed using a CBCT viewer program (ZeTTA PACS; Batec, Seoul, Korea).

Table 1 
Sex and age distribution of participants.

Number of participants (N) Sex (%) Age (Mean ± SD)

M F

Dentate 100 56 44 37.77 (±13.89)
Edentulous 87 31 56 67.57 (±10.69)
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2.2. Measurements

All measurements were performed by an examiner who was involved in the previous study [17]. The measurements of thirty sets of 
both dentate and edentulous CBCT scans were repeated a second time after 1 month to evaluate the intraoperator reliability without 
reference to the previous recordings.

The 1-mm-thick, serially reformed panoramic sections were viewed parallel to the arch of the anterior mandible (MF to MF). The 
transition pattern of the mental canal was determined by the exit morphology. Regarding the loop type, the shortest straight distance 
between the anterior wall of the MF and the most anterior margin of the loop was measured on the panoramic CBCT scan as the ALL 
(Fig. 1).

The presence of the MIC was determined from panoramic scans in a yes or no binary format, and the prevalence of the MIC was 
calculated. To differentiate between the mandibular and incisive canals, the canal diameter and thickness were referenced since the 
mandibular canal is wide with a thick border [30]. The diameter of the MIC and distance from the lower border of the mandible were 
measured via a cross-sectional scan at 0 mm, 4 mm, and 8 mm from the MF (Fig. 2).

2.3. Statistical analysis

All the data were analyzed using SPSS 25.0 statistical software (IBM). The mean, standard deviation, and confidence interval were 
calculated for all the measurements. A p value less than 0.05 was considered to indicate statistical significance. The differences in the 
ALL, MIC diameter, and MIC distance according to the dental state and sex were analyzed using the independent sample t-test after 
assessing normality with the Shapiro‒Wilk and Kolmogorov‒Smirnov tests. Pearson correlation analysis was performed to assess the 
correlation of all the data between the right and left sides of the mandible. To compare the prevalence of MIC and the transition type of 
the mental canal, the chi-square test was performed for both dentate and edentulous mandibles. The intraclass correlation coefficient 
was calculated using Cronbach’s α statistic to evaluate intraobserver reproducibility. All of the methodologies used were reviewed by 
an independent statistician.

3. Results

The images of 30 patients among all subjects were remeasured by the same examiner to assess intraexaminer reliability without 
referencing prior data after 1 month. A Cronbach’s alpha coefficient of r = 0.942–0.997 represented high reliability of the 
measurements.

Assessment of the transition type of the mental nerve from the IAN revealed a significant difference between the edentulous and 
dentate groups (p < 0.05), and the loop type was the most predominant, followed by the vertical type and straight type in both groups 
(Table 2). However, the prevalence of the vertical and straight types was greater in the edentulous group (44 %) than in the dentate 
group (29 %).

The average prevalence of the MIC was 75 %–78 %. No significant differences were noted between the right and left sides or 
between the dentate and edentulous groups (Table 3).

The mean ALL significantly differed according to the presence of teeth (4.83 ± 1.16 mm (M): 4.24 ± 1.11 mm (F) in the dentate 
group and 4.32 ± 1.53 mm (M): 3.52 ± 1.32 mm (F) in the edentulous group), with a strong correlation between the right and left sides 
(Pearson correlation coefficient = 0.811) (Tables 4 and 5).

The means of both the diameter and distance of the MIC decreased as the canal ran toward the anterior mandible. Only in the 
female group did the presence of teeth affect the size of the MIC, and the diameter of the MIC in the edentulous group was significantly 
narrower than that in the dentate group but not in the male group. In addition, there was a sex effect on the diameter of the MIC in the 
edentulous group, and the diameter was significantly greater in males than in females (Table 5). Moreover, the male group signifi-
cantly differed in the location of the MIC depending on the presence of teeth at each point in the measurement (p < 0.05), and the MIC 
in the female group was significantly closer to the lower border of the mandible than that in the male group at all measuring points 
except at 0 mm (Table 5).

The MIC diameter showed a moderate to high correlation between the right and left sides (Pearson correlation coefficient =
0.505–0.790). Similarly, the MIC distance was strongly correlated between the right and left sides (Pearson correlation coefficient =
0.763–0.806) (Table 4).

Fig. 1. Anterior loop length of mental canal.
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Fig. 2. Diameter and location of mandibular incisive canal.

Table 2 
Transition types of mental canal.

Dentate N (%) Edentulous N (%) P

Right   0.004a

Loop type 70 (70) 49 (56.3) 
Straight type 1 (1) 11 (12.6) 
Vertical type 29 (29) 27 (48.2) 
Total 100 (100) 87 (100) 
Left   0.002a

Loop typ 72 (72) 48 (55.2) 
Straight type 1 (1.0) 11 (12.6) 
Vertical type 27 (27) 28 (32.2) 
Total 100 (100) 87 (100) 

a Differences between groups were analyzed with the chi-square test.

Table 3 
Prevalence of mandibular incisive canal (2N = 374).

Rt MIC (%) Lt MIC (%) p value

Dentate (N = 100) 75 (75 %) 77 (77 %) 0.871
Edentulous (N = 87) 67 (77 %) 68 (78.2 %) 0.931
p value 0.502 0.455 

*Differences between groups were analyzed with the chi-square test (p < 0.05).

Table 4 
Correlations between right and left sides of jaw (Pearson correlation coefficient).

Lt.

ALL Diameter of MIC Location of MIC

at 0 mm 
from MF

at 4 mm 
from MF

at 8 mm 
from MF

at 0 mm 
from MF

at 4 mm from MF at 8 mm 
from MF

Rt. ALL 0.811a      
Diameter of MIC at 0 mm 

from MF
 0.790a 0.595a 0.455a   

at 4 mm 
from MF

 0.716a 0.648a 0.516a   

at 8 mm 
from MF

 0.568a 0.566a 0.505a   

Location of MIC at 0 mm 
from MF

    0.806a 0.774a 0.733a

at 4 mm 
from MF

    0.756a 0.777a 0.750a

at 8 mm 
from MF

    0.731a 0.752a 0.763a

*. The correlation is significant at the 0.05 level (bilateral).
a The correlation is significant at the 0.01 level (bilateral).
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4. Discussion

4.1. Mental nerve transition type

In this study, the anterior loop pattern of the mental canal was significantly more common in 56 % of patients in the edentulous 
group and in 71 % of patients in the dentate group. The prevalence rate of the loop type in previous in vivo studies largely varied from 
9.7 % to 94 % due to inconsistent assessment methods and differences in ethnicity [4,31]. Notably, the prevalence of the loop type was 
significantly greater in the dentate group than in the edentulous group, while the prevalence of straight or vertical patterns was 
significantly greater in the edentulous group. It can be inferred that the end portion of the loop degenerated, altering from the loop type 
to the straight type when teeth were extracted and innervation was no longer useful.

4.2. Anterior loop length

Both sex and dental status influenced the ALL, given that the value in the male group was significantly greater than that in the 
female group, and the value in the dentate group was greater than that in the edentulous group. The mean ALL in this study, regardless 
of dental status, was consistent with those of two previous studies using Korean cadavers; the mean ALL ranged from 3.05 ± 1.15 mm 
to 5.0 ± 1.8 mm [8,32]. One meta-analysis presented various mean values with a wide range of 1.17 ± 0.8 mm to 6.13 ± 3.41 mm 
(range: 0 mm–19.0 mm), which was due to laterality, age, and sex. However, it is generally accepted that the ALL is significantly longer 
in males than in females [33,34], but the effect of the presence of teeth is unclear. A previous study of 97 dentulous and 43 edentulous 
mandibles showed no significant differences between the dentate group and the edentulous group [5].

The longest ALL has been reported to range from 5.0 to 19.0 mm [1,5,8,32,33,35], but two previous studies have suggested that a 
much longer anterior loop should be classified as an abnormality rather than a common structure [31,34]. In this study, the longest ALL 
was 10.02 mm in the edentulous group.

4.3. Prevalence of the MIC

This study, the first clinical-based study of Korean subjects, showed a prevalence of 75~78 %, regardless of the dental condition 
and sex, which is within the range of 43.89 %–100 % reported by a few previous cadaveric or radiographic studies [1–3,5,6,14–16,30,
36,37]. One study showed a slightly higher prevalence rate in females and on the left side [14]. Another study using 105 cadaveric 
specimens demonstrated a higher prevalence of the MIC, 92 % for dentulous mandibles and 31 % for edentulous mandibles [38], but 
this study showed no significant difference in the prevalence rate according to laterality and the presence of teeth.

4.4. MIC location and diameter

The presence of teeth affected the location of the MIC in the male group (P < 0.05). The mean distance of the MIC at 4 mm from the 
MF, regardless of sex or the presence of teeth, was within the range of 8.72–9.86 mm reported in previous studies [6,14,16,17,32,37]. 

Table 5 
Anterior loop length, mandibular incisive canal diameter, and mandibular incisive canal location.

Dentate Edentulous P Interaction p value

ALL M 4.83 ± 1.16 4.32 ± 1.53 0.042a 0.5531
F 4.24 ± 1.11 3.52 ± 1.32 0.002a 
P 0.019a 0.043a  

Diameter of MIC
at 0 mm from MF M 2.45 ± 0.52 2.35 ± 0.63 0.328 0.146

F 2.28 ± 0.53 1.91 ± 0.59 <0.001a 
P 0.143 0.003a  

at 4 mm from MF M 1.97 ± 0.42 1.80 ± 0.70 0.127 0.405
F 1.81 ± 0.42 1.50 ± 0.49 <0.001a 
P 0.070 0.028a  

at 8 mm from MF M 1.66 ± 0.34 1.28 ± 0.47 <0.001a 0.828
F 1.50 ± 0.35 1.09 ± 0.46 <0.001a 
P 0.0321 0.047  

Location of MIC
at 0 mm from MF M 11.34 ± 1.42 10.38 ± 1.50 <0.001a 0.004

F 9.25 ± 1.47 9.67 ± 1.32 0.123 
P <0.001 0.095  

at 4 mm from MF M 10.71 ± 1.24 9.88 ± 1.48 0.001a 0.012
F 8.76 ± 1.32 9.00 ± 1.52 0.330 
P <0.001 0.013a  

at 8 mm from MF M 9.96 ± 1.26 9.16 ± 1.34 0.001a 0.008
F 8.03 ± 1.57 8.36 ± 1.37 0.189 
P <0.001 0.015a  

a Mixed linear model.
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An investigation of Dutch people showed that the mean distance was as long as 11.5 mm. Xiao et al. investigated the MIC position of 
Chinese subjects by measuring the distance between the teeth and the upper margin of the MIC, making it difficult to make com-
parisons based on ethnicity [33]. A study regarding the location of lateral antral intraosseous vascular canals of the maxilla reported no 
significant difference according to tooth presence [39]. In this study, the mean location of the MIC showed highly significant dif-
ferences between the sexes, except at 0 mm in the edentulous group (p < 0.05), which could be supported by previous studies reporting 
that sex significantly affects the mean distance of the MIC and that the values in males were greater than those in females [14,16,33].

In this study, a significant difference in the ICD according to the presence of teeth was noted in the female group, and a significant 
difference based on sex was found in the edentulous group (p < 0.05). The mean value of the ICD at each position was similar to the 
1.47 ± 0.50–2.8 ± 1.0 mm at the MF reported in previous studies [2,5,15,32,36,37]. One study revealed that the mean ICD was greater 
in males than in females [36], which was also observed in the edentulous group in this study. However, two other studies reported no 
difference in diameter based on sex or dental status [2,5].

Based on the results of this study, it can be assumed that the anterior loop of the mental nerve and mandibular incisive nerve 
degenerate from the end, and this degeneration is more pronounced in females. Some limitations of this study should be addressed. The 
mean ages of the edentulous and dentate groups in this study were significantly different. This age difference could have biased the 
results, as age-related factors such as bone density and osteoporosis can impact the position of the MIC and ICD. Further investigations 
using data from uniform sex and age distributions for more subjects are expected to reveal more accurate information on the locations 
of anatomical structures after mandibular teeth are extracted.

5. Conclusions

Despite these limitations, this study revealed that the presence of teeth significantly affects the type of transition of the mental 
canal, the ALL, and the diameter and location of the MIC. Sex also affects the MIC location, MIC diameter, and ALL. Given that sex and 
edentulous condition may affect the location of these anatomical structures, the ALL, MIC diameter, and MIC position should be 
assessed using CBCT images before attempting surgical procedures in the interforaminal area. This study can provide clinical infor-
mation on the safety zone anterior to the MF, thereby allowing clinicians to avoid NSD in the interforaminal region.
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