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Abstract 

Objective To observe the three‑dimensional positional relationship between impacted mandibular third molars 
(IMTMs) and mandibular canal close contacts using cone beam computed tomography (CBCT).

Methods A total of 101 patients with IMTMs were selected who met the diagnostic criteria for 142 teeth (no 
bone wall imaging area between IMTMs and the mandibular canal, a high‑density bone cortical imaging area only, 
or a ≦1 mm bone imaging area). The parameters of the rotating CBCT anode were set as follows: 110 kV, 40–50 mA; 
the focal point and exposure field were set as 0.3 mmh and a high‑resolution zoom, respectively; the exposure 
time and image layer thickness were set as 5.4 s and 0.25 mm. Three‑dimensional reconstruction was performed, 
and the position of the mandibular canal through the IMTM area was observed continuously from the coronal, hori‑
zontal and sagittal planes.

Results We found that the mandibular canal was interrupted below the third molar (TM) in 85 cases, accounting 
for 59.86% of all cases. The mandibular canal was located below the buccal and lingual curvatures in 33 and 19 cases, 
respectively, accounting for 23.23% and 19%. In addition, a small number of mandibular canals were also located 
on the buccal side of the mandibular molars (2.82%). We also found one case of direct insertion of the mandibular 
third molar (MTM) into the mandibular canal. In addition, the mandibular canal passed through the IMTM region 
with 125 close contacts at the roots (88.03%); 14 mandibular canals were in contact with all teeth and 3 were in con‑
tact with the crown.

Conclusion The use of CBCT can provide a dynamic and comprehensive understanding of the three‑dimensional 
positional relationship of the mandibular alveolar nerve canal passing through the IMTM area, providing a high clinical 
reference value when extracting IMTMs and reducing the risk of injury to the inferior alveolar nerve.
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Introduction
Impacted mandibular third molars (IMTMs) refer to 
those third molars (TMs) in the lower jaw that are in 
close contact with or exert pressure on adjacent anatomi-
cal structures, such as the mandibular canal or the second 
molar. The prevalence of IMTMs varies between differ-
ent populations, ranging from 9.5% to 68% [1]. Extraction 
of IMTMs is the most common procedure performed in 
oral clinics [2]. The extraction of mandibular impacted 
wisdom teeth is a difficult procedure, particularly for 
complex low-impacted wisdom teeth, and the extraction 
of IM wisdom teeth often results in complications, such 
as loosening or damage to adjacent teeth, dry sockets 
and broken roots [3]. Another critical concern during the 
extraction of IMTMs is the potential risk of damaging the 
inferior alveolar nerve (IAN) due to its close proximity to 
the IMTMs. The incidence of nerve injury is reported to 
be 0.5%–8%, so it is extremely important to understand 
the position of IMTMs near the mandibular canal [4]. 
Surface tomography is often used to understand the posi-
tion of IMTMs, relative to the mandibular canal, before 
removal of the former in clinical practice. However, the 
two-dimensional images generated by surface tomog-
raphy may be inaccurate for determining the close con-
tact between the two. Additional X-rays can only image 
the tooth in two dimensions, not three. This leads to an 
inaccurate assessment of the position of the roots and 
mandibular canal, which, in turn, will seriously affect the 
surgeon’s surgical judgment and cause more complica-
tions and pain for the patient [5].

With the innovation of imaging technology, cone beam 
computed tomography (CBCT) was developed. This 
technique relies on CB volumetric imaging technology 
to observe lesion sites inside the oral cavity and diagnose 
the disease using CT. Its positioning accuracy is higher 
and images are clearer than conventional X-ray diagnos-
tic methods [6]. In addition, the scanned lesion site can 
be presented as a three-dimensional image, which has a 
lower risk of overlapping oral structures and a higher dis-
ease detection rate than conventional two-dimensional 
images [7].

Applications in implantology, endodontics, ortho-
dontics and oral and maxillofacial surgery have been 
reported [8–11]. CBCT is specifically recommended as 
the method of choice when a three-dimensional view of 
the affected mandibular TM and adjacent anatomical 
structures, such as the IAN canal and lingual cortex, is 
required [4, 8, 12–15].

The existing literature has extensively studied the rela-
tionship between impacted mandibular third molars 
(ITMs) and the mandibular canal, highlighting the 
importance of accurate preoperative assessments to pre-
vent nerve injuries. However, there remains a need for 

further investigation specifically focusing on IMTMs to 
provide a comprehensive understanding of their distinct 
characteristics and spatial positioning in relation to the 
mandibular canal [16–18]. To expand the sample size of 
this research topic, the current paper observed the imag-
ing data of 101 cases of IMTMs in close contact with the 
mandibular canal by CBCT and dynamically analysed 
the location of the IAN across the IMTM region to pro-
vide an additional clinical reference for the extraction of 
IMTMs.

Methods and materials
Clinical information
Patients who visited the Department of Stomatology of 
Nanjing Tongren Hospital from February 2020 to Feb-
ruary 2021 and requested extraction of IMTMs were 
selected, as well as those who were found to have contact 
or overlap between IMTMs and the mandibular canal 
after performing curved tomograms, followed by CBCT 
examinations. A total of 101 patients with 142 teeth were 
selected for whom the mandibular obstructed TM was in 
close contact with the mandibular canal. In these cases, 
IMTMs and the mandibular canal were in close contact 
mainly as follows: there was no bone wall imaging area 
between IMTMs and the mandibular canal, only a high-
density bone cortical imaging area, or a ≦1  mm bone 
imaging area. The three-dimensional positional rela-
tionship between IMTMs and the mandibular canal was 
dynamically observed in 53 cases (74 teeth) in men and 
48 cases (68 teeth) in women. The exclusion criteria for 
patients were as follows: after taking curved tomographs 
and finding that the IMTM was not in close contact with 
the mandibular neural nerve, the patient was excluded.

The patients’ ages ranged from 16–72 years old, with an 
average of 35.42 years.

Imaging equipment and method
To conduct CBCT, the NewTom VGI Tomograph (New-
Tom, Verona, Italy), which uses the Frankfurt plane as 
the reference plane and can be rotated 360°, was used. 
The X-ray CB automatically adjusts the radiation dose 
according to the patient’s volume. The parameters of 
the rotating anode were as follows: 110  kV, 40–50  mA; 
0.3 mmh and a high-resolution zoom were used for 
focus and exposure field, respectively; 5.4 s and 0.25 mm 
were used for exposure time and image layer thickness, 
respectively.

For precise positioning of the patient, we instructed 
them to maintain an upright position with their eyes 
looking straight ahead. The Frankfurt horizontal plane, 
which runs from the external auditory meatus to the 
infraorbital rim, was aligned parallel to the ground. We 
utilized a head fixation device to secure the patient’s 
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head in this position. During image capture, we 
ensured that the long axis of the patient’s head was per-
pendicular to the ground. After the initial capture, dur-
ing the reconstruction of the study data, we performed 
fine adjustments to the reference plane to ensure that 
the Frankfurt horizontal plane remained parallel to 
the ground and that the midsagittal plane aligned with 
the vertical axis. (See Fig. 1 for an illustration of these 
adjustments during the reconstruction of study data).

Analysis method
The images were reconstructed in three dimen-
sions using the NNT software (v.*, QR SRL, Verona, 
Italy), and the position of the mandibular canal pass-
ing through the IMTM area was observed continu-
ously from the coronal, horizontal and sagittal planes, 
respectively. In the adjustment of the reference lines in 
the reconstructed panoramic view to adjust the cross-
sectional image, vertical reference lines was used (by 
adjusting the reference plane to ensure that the Frank-
furt horizontal plane was parallel to the horizontal 
plane, the mid-sagittal plane was parallel to the sagittal 
plane, and the cross-sectional views were cut vertically 
across the horizontal plane).

Results
Position relationship between the mandibular canal 
and the mandibular third interceptive molar
By analysing the positional relationship between the 
mandibular canal and the mandibular third interrupted 
molar (from the position of the mandibular canal into 
the IMTM region to the exit position) to determine the 
risk of nerve injury during extraction of the interrupted 
TM, it was found that the mandibular canal passed 
through below the interrupted TM in 85 cases, account-
ing for 59.86% of all the study cases (Fig.  2). The man-
dibular canal was located below the buccal lateral turn of 
the interrupted molar in 33 cases, accounting for 23.23% 
(Fig.  3) and below the lingual lateral turn of the IMTM 
in 19 cases, accounting for 13.38% (Fig.  4). In addition, 
the mandibular canal was located on the buccal side of 
the interrupted molar in a small number of cases (2.82%, 
Fig. 5). We also found one patient with an IMTM seated 
into the mandibular canal (Fig. 6) (Table 1).

Analysis of the close contact sites between the mandibular 
canal and the IMTMs
Where the mandibular canal passed through the IMTM 
area, there were 125 close contact sites at the root, 
accounting for 88.03%; 14 mandibular canals contacted 

Fig. 1 During the reconstruction of study data, fine adjustments are made to the reference plane (A) and the mid‑sagittal plane (B)

Fig. 2 The mandibular canal (yellow color) passes under the tooth root. "B" for buccal side, "L" for lingual side
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Fig. 3 The mandibular canal (yellow color) enters from the buccal side of the apical region and leaves under the crown. "B" for buccal side, "L" 
for lingual side

Fig. 4 The mandibular canal (yellow color) enters from the lingual side of the apical region and leaves under the crown. "B" for buccal side, "L" 
for lingual side. The white circle represents the mandibular canal

Fig. 5 The mandibular canal (yellow color) passes buccally from the apical region.. "B" for buccal side, "L" for lingual side

Fig. 6 The root of the tooth enters the mandibular canal (yellow color)
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all of the teeth and 3 contacted the crown (Table 2). The 
close contact sites between the mandibular canal and the 
mandibular-blocked TMs are shown in Fig. 7.

Discussion
IAN injury is one of the serious complications of IMTM 
extraction, and the closer the mandibular canal is to the 
TM, the greater the chance of injury. Accurate knowl-
edge of the position of the IMTM near the mandibular 
canal before extraction is essential and will determine the 
extraction procedure [19]. Several methods have been 
proposed to reduce or eliminate this obstacle, such as 
orthodontically assisted extraction [20, 21], extraction 
of the second molar, or crown amputation [22, 23]. Liu 
Yaguo [24] observed and measured the positional rela-
tionship and distance between the mandibular canal and 
the proximal mesial and distal mesial root apices on a 
coronal sawing section of the middle portion of the adult 
mandibular third molar crown and categorised the posi-
tional relationship into three categories: (1) medial to the 
root apices, accounting for 5.2%; (2) lateral to the root 
apices, accounting for 8.3%; (3) inferior to the root apices, 
accounting for 86.5%. For distance measurements, the 
findings were as follows: (1) located at a medial distance 

of 0.4 ± 0.2 (0.3 ~ 0.8) mm; (2) the distance located on the 
lateral side of the root tip was 0.4 ± 0.2 (0.2 ~ 0.5) mm; 
(3) the distance located below the root tip was 4.9 ± 3.0 
(1.0 ~ 11.5) mm. In the present study, the study of the 
relationship between the mandibular canal and the TM 
with solid specimens was affected by the number of spec-
imens, and it was not possible to obtain a large volume of 
case data concerning close contact between the mandib-
ular canal and the TM. However, the extent of the posi-
tional relationship, as well as the distance between the 
mandibular canal and the proximal and distal mesial root 
sections of the TM, could be observed.

Curved surface tomography is the main method for 
preoperative clinical assessment of the position and dis-
tance of the mandibular canal from the TM because of its 
rapidity, simplicity, low cost and low radiation exposure, 
and because it can show all the teeth and jaws at the same 
time. However, because it presents the three-dimensional 
anatomical relationship in a two-dimensional plane [25], 
it cannot accurately show the buccolingual–lingual posi-
tioning relationship between the nerve canal and the root 
of the tooth and may produce image magnification and 
distortion, based on the imaging technique used. Liang 
RQ et al. [26, 27] classified the relationship between the 
IMTM and mandibular canal using panoramic radio-
graphs into four categories: Class A – leaving, where the 
tooth root is separated from the mandibular canal and 
located ≥ 1  mm from the upper edge of the mandibular 
canal; Class B – contact, where the tooth root is < 1 mm 
from the upper edge of the mandibular canal; Class C – 
overlap, where the tooth root is located at the upper edge 

Table 1 Positional relationship between mandibular canal and 142 IMTM

Inferior Buccal Buccal towards inferior lingual towards inferior Intracanal

Position relative to IMTM 85(59.86%) 4(2.82%) 33(23.23%) 19(13.38%) 1(0.70%)

Table 2 Positional relationship between mandibular canal and 
142 IMTM

Root All teeth Crown

Position relative to IMTM 125(88.03%) 14(9.86%) 3(2.11%)

Fig. 7 The close contact sites between the mandibular canal and the mandibular blocked third molars. "B" for buccal side, "L" for lingual side. 
Schematically, one can observe the position of the mandibular neural tube (yellow) in relation to the mandibular third molar (blue) as it travels 
from posterior to anterior (a → e)
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of the mandibular canal without reaching the lower edge; 
Class D – cross, where the tooth root is located below the 
lower edge of the mandibular canal. The risk of injury to 
the IAN during tooth extraction was considered high in 
categories C and D. The accuracy of the panoramic film 
was poor, however, due to the defects of projection-angle 
deviation, artefacts, image overlap and distortion; the 
rate of clear visualisation of the mandibular canal in the 
TM segment was 60.73%, the rate of a blurred upper edge 
was 26.44% and the rate of blurred upper and lower edges 
was 12.84% [28]. Peng Min et al [29] concluded that the 
sensitivity of panoramic film to evaluate the risk of IAN 
injury during extraction of IMTMs was 57%. Therefore, 
when the mandibular canal is in close contact with an 
IMTM, it is inaccurate to refer only to curved tomo-
graphic film to understand the positional relationship 
between the mandibular canal and the IMTM in three 
dimensions, and injury to the IAN during tooth extrac-
tion will be inevitable [30].

Currently, CBCT is used clinically in cases of contact 
and overlap between IMTMs and the mandibular canal 
via curved tomogram to evaluate the positional relation-
ship between the mandibular canal and IMTMs. The 
relationship between the mandibular canal and IMTM 
root position is classified into four categories: lingual, 
buccal, inter-root and subrogated and used to assess the 
risk of IAN injury [31–33]. The digital measurement soft-
ware that comes with CBCT is used to measure the root 
and mandibular length, width and height of the nerve 
canal contact to provide an accurate, quantitative guide 
for surgical extraction procedures [34]. Unlike curved 
tomograms, CBCT images do not influence the surgical 
extraction protocol; however, they provide clear visuali-
zation of the relationship between the mandibular canal 
and an impacted third molar (ITM) [35]. In this way, the 
risk of IAN injury during the extraction of IMTMs can be 
better predicted [36]. The mandibular canal-IMTM con-
tact and the increased area of the mandibular canal are 
factors that contribute to an elevated risk of IAN injury 
[18]. Rood and Sheehab distinguished between four 
radiological signs observed in the root (darkening, tilt-
ing and narrowing of the root and apical bifurcation) and 
three additional signs observed in the root canal (shunt-
ing, narrowing and interruption of the white line of the 
root canal) [37]. However, the absence of these signs does 
not guarantee the absence of close contact. This means 
that when the roots project excessively into the mandibu-
lar canal in panoramic images, particularly when one or 
more signs are present, additional radiographic examina-
tion may be needed to elucidate the three-dimensional 
relationship between these two structures.

In our study, CBCT analysis revealed that the IAN 
was further below and buccal to the mandibular 

obstructed TM, while the relationship between the TM 
and the mandibular canal was not only point-to-point, 
nor was it only the root being in close contact with the 
mandibular canal; a few TMs were in close contact with 
the nerve canal by the whole tooth or the crown, which 
was due to the different tooth obstruction positions, 
i.e. vertical obstruction, different angles of inclined 
obstruction, horizontal obstruction and even inverted 
obstruction. Three imaging distance manifestations 
of the degree of close contact between the mandibu-
lar canal and IMTM were observed: absence of a bone 
wall image, presence of only a high-density cortical 
bone image, and existence of both bone density and a 
small amount of bone cancellous image. Clinically, the 
site and degree of close contact between the mandib-
ular canal and IMTMs must be dynamically observed 
to obtain complete imaging information of the man-
dibular canal passing through the IMTM area and to 
determine a perfect surgical plan for tooth extraction. 
During tooth extraction, whether operating on the 
crown, root, lingual or buccal side, it is clear that the 
mandibular canal is there to avoid blind operation to 
avoid and reduce the risk of nerve injury.

Conclusion
In conclusion, this study provides a novel and clini-
cally significant investigation of the three-dimensional 
positional relationship between impacted mandibular 
third molars and the mandibular canal using CBCT. 
The use of CBCT offers a more accurate assessment, 
enhancing the understanding of IMTM extraction and 
reducing the risk of nerve injury during procedures. 
This research contributes valuable insights for dental 
practitioners, improving surgical planning and patient 
outcomes.
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