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Abstract

Background: To avoid postoperative injuries in the interforaminal region, presence of the Mandibular Incisive
Canal (MIC), its extension and canal positioning in relation to the cortical bone and alveolar process were inves-
tigated by cone beam computed tomography (CBCT).

Material and Methods: One hundred CBCT examinations obtained by means of the i-CAT CBCT imaging system
were analyzed in multiple-plane views (axial, panoramic and cross-sectional) and three-dimensional representa-
tions were performed using iCAT CBCT software. The MIC was evaluated for its presence, measurement and
proximity to the buccal and lingual plates, alveolar process and inferior border of the mandible.

Results: The MIC was visible in all (100%) CBCT images. The mean length of MIC was 9.8 + 3.8 mm. The dis-
tances between the canal and buccal plate, as well as between the canal and lingual plate of the alveolar bone were
4.62 + 1.41 mm and 6.25 + 2.03 mm, respectively. The distances from the canal to the alveolar process, and to the
inferior border of the mandible were 10.25 £2.27 mm and 7.06 £ 2.95 mm, respectively.

Conclusions: Due to the high prevalence of MIC, its variation in length and distance up to the cortical bone, sug-
gested that preoperative radiographic evaluation of the MIC must be carried out case-by-case using CBCT, which
could clearly show the three-dimensional structure and adjacent structure of the MIC.
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Introduction

The mandibular incisor nerve is described as the termi-
nal branches of the inferior alveolar nerve that contin-
ues its intraosseous pathway into the mandibular ante-
rior region, and provides innervations to the mandibular
anterior teeth and canines (1). Some authors believe that
the incisive nerve runs through the intramedullary spac-
es, and not within a bony canal, therefore, is not com-
monly detected by conventional radiography (1-3). Fur-
thermore, anatomical studies using advanced imaging
have shown strong evidence supporting the existence
of the mandibular incisive canal (MIC) (3-9), located
mesially to the mental foramen, smaller in diameter and
less corticalized than mandibular canal containing the
neurovascular bundle. (4-7,10).

During surgical procedures in the mandible, the mental
interforaminal region is usually considered “a safe re-
gion” with minimal morbidity, however, it can exhibit
important risks for anatomical and functional damage
(5,11-14). The presence of the MIC is of significant in-
terest, especially in patients who require surgical pro-
cedures in this region, including the insertion of en-
dosseous implants, bone harvesting from the mental
protuberance, genioplasty in orthognathic surgery, and
with or without screw-retained plating after trauma in
the anterior mandible (3-7,11,15,16). However, the pres-
ence of the MIC should not be underestimated during
pre-surgical planning, and may cause postoperative
sensory disturbances, edema, hematoma and lack of
osseointegration of implants, pulp sensitivity changes,

Table 1. Inclusion and exclusion criteria.
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sion and channel positioning in relation to the cortical
bone and the alveolar process by cone beam computed
tomography (CBCT).

Material and Methods

This retrospective study included 100 randomly se-
lected CBCT scans from patients of a private clinic,
in accordance with the inclusion and exclusion criteria
proposed (Table 1). All images were taken by the same
technologist, following a standardized protocol for pa-
tient positioning and exposure parameter setting. This
research was approved by the ethics research committee
of Lauro Wanderley University Hospital (169/10 CEP/
HULW). The volunteers were included in the study af-
ter signing the Informed Consent Form.

The sample was acquired with the i-CAT® Cone-Beam
3D Dental Imaging System (Imaging Sciences Inter-
national, Hatfield, PA, USA) using default parameters
(120 kVp, 23.87 mAs, 6 cm field of view, 0.25 mm voxel
size, 40s scan time, high-resolution bone filter). The
DICOM data obtained were analyzed with a software
program (i-CAT VisionTM VisionQ version 1.8.1.10), re-
constructed into multiple-plane views (axial, panoramic
and cross-sectional views) and three-dimensional rep-
resentations (Fig. 1).

The course of the mandibular incisive canal (MIC) was
located, from the closure of the mental foramen up to
obliteration of the MIC. The measurements were com-
pleted on cross sections perpendicular to a line parallel
to the inferior border of the mandible. The two reference

Inclusion Criteria

Exclusion Criteria

Dentate or edentulous patient

Syndromic patients and patients with congenital disorders

Healthy or medically compromised, but not involving
the interforaminal region of the mandible.

Patients with history of trauma, pathology to the mandible
or surgical intervention in the interforaminal region.

Ages between 18 and 80 years

Patients aged under 18 or over 80 years.

The reformatted CBCT images, which appear distorted or
blurred due to patients’ movements.

such as those that have been described in several reports
(2,10,11,14-16).

Detailed preoperative study of the anatomical structures
with Cone Beam Computed Tomography (TCCB) is
crucial to success of the procedure (11,15), reducing the
number of postoperative complications after selective
procedures in the symphysis area. Several studies have
shown that due to its excellent anatomic resolution, this
exam is the best method for obtaining minimally inva-
sive and accurate preoperative incisive canal measure-
ments, because of their reproducibility and high degree
of reliability (9,14,15,17,18), and have obtained similar
results their anatomical studies (3,5-8,10,19).
Therefore, the aim of the present study was to quantify
the presence of the Mandibular Incisive Canal, its exten-
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points included the incisive canal and inferior mandibu-
lar border. This plane passed through the inferior mar-
gin of the orbit and upper margin of each ear canal.
The course of MIC was assessed only in cross-sectional
images and only if this structure was definitely visible.
All Measurements were performed by two independ-
ent observers using the iCAT CBCT software program
with a technical accuracy of 0.25mm and a maximum
interobserver variability of 0.5mm. In particular, the
following measurements were made:

a) After confirmed presence of the MIC, the visible
length of the incisive canal, defined as the intrabony
continuation of the mandibular canal mesial to the
mental foramen was measured, given that the step was
0.25mm;
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Fig. 1. Multiple-plane reconstruction (panoramic and cross-sec-
tional views). The course of the mandibular incisive canal (MIC)
was located (A), from the closure of the mental foramen up to
obliteration of the MIC (B-K).

b) The distance from the MIC to the tooth apex or al-
veolar process;

¢) The distance from the MIC to the labial bony surface;
d) The distance from the MIC to the lingual bony sur-
face and

e) The distance from the MIC Mandibular Border.

The prevalence in percentages was calculated for man-
dibular incisive canal. The comparison between the
mean values was performed with the t-test for paired
values (assuming equal and unequal variances). All sta-
tistical assessments were considered significant if p<
0.05. The software program used was SPSS for Win-
dows (SPSS Inc., v17.0, Chicago, IL, USA).

Table 2. Measurement of MIC length.

The anatomical relationship of the mandibular incisive canal

Results

The population consisted of 63 female and 37 male
patients, aged between 20 and 80 years, with a mean
age of 50.2 years, referred for several clinical reasons.
The interexaminer and intraexaminer repeatability was
tested and resulted in no statistically significant differ-
ences (p >0.05), indicating reliability.

For all CBCT images examined, it was possible to iden-
tify the incisive canal (100% were present bilaterally).
The mean length of the incisive canal was 9.8 + 3.8 mm,
no statistically significant difference could be deter-
mined between the right and left sides (p =0.43) or with
regard to gender (p =0.69) as shown in table 2.
Another finding was that the terminal part of the inci-
sive canal showed significantly higher proximity to the
buccal plate compared with the lingual plate (»<0.0001).
The mean values measured were 4.62 = 1.41 mm and
6.25 + 2.03 mm, respectively. The terminal part of the
incisive canal was in significantly closer proximity to
the alveolar process, compared with the mandible bor-
der (p<0.0001), measuring 7.06 + 2.95 mm and 10.25 +
2.27 mm, respectively (Table 3).

For measurements of the proximity to the buccal, lingual
plate and alveolar process, no statistically significant
difference could be determined between the right and
left sides or with regard to gender, therefore, the data
were analyzed as one unit (p >0.05). However, when the
CBCT images were compared based on gender, the only
statistical difference between the images (63 female and
37 male patients) was the measurements of proximity
to the mandible border (p < 0.0001). The data indicated
that this distance was shorter in females. In male and
female patients, the mean values from the terminal part
of the canal to the mandibular border was 11.20 + 2.45
and 9.69 £1.97, respectively, as shown in table 3.

All (mm Male (mm Female (mm
MIC Length Meal(l + S}) Mean(:I: Sl; Mean i( SD) P Value
All Mean = SD 9.74 + 3.89 9.60 +£3.71* 9.82 + 4.00* * .69
Right + SD 9.64 +3.97* 9.37 &+ 3.84%* 9.86 + 3.87** ** 55
Left + SD 9.84 +3.828 9.82 &+ 3.97%** 9.96 + 3.62%** % 06
AA p= 43
Table 3. Values of the distance of the mandibular incisive canal (MIC) to various landmarks.
All (mm) Male (mm) Female (mm) P Value
Mean + SD Mean + SD Mean + SD
Buccal 462+141% 4.64 + 1.44* 4.61 + 1.40* *90
Lingual 6.25+2.03% 6.47+2.13** 6.12+ 1.96** *k 24
Alveolar process 7.06+2.958 7.68 £ 3.32%** 6.69 +2.66*** **% 02
Mandibular Border 10,25 +2.27 b 11.20 £ 2. 45%*** 9.69 £1.97**** *Ex%<(0,0001

Aa p<0.0001 Bb p<0.0001

e725




Med Oral Patol Oral Cir Bucal. 2015 Nov 1;20 (6):€723-8.

Discussion

Previous studies have investigated the mandibular in-
cisive canal (MIC), but its existence is still widely de-
bated, especially because it is considered an anatomical
variation in this interforaminal region (4-8,10,20). This
concept is due to the precarious detection of MIC by
conventional radiography, a diagnostic method most
frequently used up until recent times (5-8,10,21). Stud-
ies have reported that panoramic radiographs failed to
detect the incisive canal (6,10,17,21-24). Thus, it has
been suggested that this deficiency could be attributed
to the smaller diameter and corticalization of the MIC,
associated with the superposition of images observed in
bidimensional radiographs (9,21,22).

Recent studies have reported that the mandibular inci-
sive nerve has been found to be present in normal and
atrophic mandibles (3,9,14,24), which justifies the inclu-
sion of scans taken of dentate and partial edentulous pa-
tients. In this study was possible to identify the incisive
canal in all CBCT scans, in reformatted cross-sectional
images shown as a round radiolucent area within the
mandibular trabecular bone, surrounded by a radio-
paque rim representing the canal walls. These results
were comparable with those reported by Al-Ani ef al.
(25).

According to the reports of Al-Ani et al. (25), the MIC
was visible in all (100%) CBCT images, also using the
original iCAT CBCT software program. Other authors
have also found a high prevalence of MIC using CBCT,
these with a variable visibility of 83-97.5%. In the study
of Sokhn et al. (14), the incisive canal was identified in
97.5% of the images. Sahman et al. (17) reported the
MIC was visible in 459 (94.4%) CBCT images. Apos-
tolakis and Brown (26) identified the MIC in 93% of
the cases. There was 91% visualization of the MIC by
Makis et al. (7), Parnia et al. (20) found the MIC could
be detected in 93.7% of the cases, whereas to Pires et al.
(8), the canal was present in 83% das CBTC. Jacobs et al.
(5) identified the MIC in 93% of spiral CT scans. Huang
et al. (27) showed the presence of the MIC 78.75% (63
cases) of the CBCT scans.

The high prevalence of MIC found by means of the
CT scan is comparable with direct measurement of ca-
daveric specimens (3,5-8,10), which can be consid-
ered a trusted method for the detection of this canal
(5,8,9,14,19,23,25). In addition, Santos et al. (18) recently
evaluated the reliability and reproducibility of measure-
ments with CBCT, and demonstrated strong agreement
between examiners. This could indicate that the meth-
odology can serve as a standard for linear measurement
analysis of the mandibular canal topography and adja-
cent osseous structures, with high accuracy and poten-
tial of providing unambiguous information for correct
diagnosis.

Differences in the prevalence of this canal have been ob-
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served (3,5,7-9,17,20,25), when the canal is too small to
be visualized on the CBCT (8), and when different sys-
tems have been used for obtaining tomographic images.
These differed in sensitivity and slice thickness, because
the smaller the voxel size used, the greater will be the
detail of the reconstructed image (15). For this study, the
voxel size used was 0.25 mm, less than all other studies
(3,5,7,8,20,25,26). Another possible reason can be attrib-
uted to the fact that the MIC becomes smaller while pro-
gressing in the mesial direction to the mental foramen, to
the most anterior part of the mandible, when it may be too
small to be visualized on CBCT (4,5,8,27,28), but in the
present study, it could be identified.

Although there are quantitative differences in the prev-
alence of MIC found in the literature, all agree that this
prevalence is too high (5,7-9,17,20,24-26). Therefore, the
concept of “a safe region” during surgical procedures
in the interforaminal region should be questioned and a
detailed study of the region must be performed during
preoperative surgical planning.

For all CBCT images examined, the mean length of the
incisive canal for the right side was 9.64 + 3.97mm and
for the left side was 9.84 + 3.82mm. Despite the appar-
ent difference between sides, there was no significant
difference (p >0.05). There was also no significant dif-
ference between the genders. Similar lengths were ob-
tained by Rosa ef al. (9) and Apostolakis and Brown
(26), measuring 9.11 + 3.00 mm and 8.9 mm, respective-
ly. Pires et al. (8) verified MIC lengths of 7.1 £4 mm and
6.6 + 3.7 mm for the right and left side, respectively. An-
other finding was that the MIC is in closer proximity
to the buccal plate (4.62 + 1.41mm) and alveolar process
(7.06 £ 2.95), which is in agreement with other study
(10). Although a tendency of MIC to approach the bor-
der of the mandibular and lingual wall has been noted,
Apostolakis and Brown (26) and Rosa et al. (9) reported
that MIC was also nearer to the buccal plate and alveo-
lar process in its closest position, which is in agreement
with the present investigation. Moreover, Rosa et al. (9)
showed a downward path in only 51.3% of CBCT im-
ages. Furthermore, Huang et al. (27) observed that the
mean diameter of MIC was 1.21 mm +/- 0.29 mm.

As regards gender, there was no significant difference
when comparing the proximity of the MIC to the buccal
and lingual walls and alveolar process, but the distance
from MIC to the mandibular border was significantly
lower for women than for men (p<0.0001). Al-Ani et al.
(25) found that gender significantly affected all median
distances and not only that of the mandibular border.
This finding can be attributed to intrinsic differences
existent in the bone structure of men and women. As
women have a mandible smaller in dimension than that
of men, if the MIC remained in the same position rela-
tive to the alveolar process for both genders, it would be
closer to the edge of the mandible in women. However,
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the authors, did not measure the jaw size and jaw rela-
tionship to determine whether there really is a correla-
tion (25).

Although the distances of the MIC from the bone plate
seem to obey a pattern, the surgeon must be aware of the
variable range of distribution of the MIC, as shown by
Mraiwa et al. (6), Apostolakis & Brown (26) and Sokhn
et al. (14), so that previously established default values
may pose the risk of injury. The clinical significance of
this study lies in the mapping of the incisive canal and
its anatomical proximity during surgical procedures in
order to avoid potential injury to the incisive mandib-
ular nerve, a purpose safely achieved with the use of
CBTC. Therefore, in order to determine the appropriate
location of the MIC for each individual, this should be
investigated on a case-by-case basis (2,8,14,20,25,26).
In conclusion, there is a high prevalence of the MIC for
all CBCT images, with significant proximity of the ter-
minal part of the incisive canal with to the buccal plate
and the alveolar process. No statistically significant dif-
ference could be determined between the right and left
sides or with regard to gender. The variation in length
and distance up to the cortical bone suggested that pr-
eoperative radiographic evaluation of the MIC should
be carried out case-by-case, using CBCT, which could
clearly show the three-dimensional structure and adja-
cent structure of the MIC.
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