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Objectives: The purpose of this study was to investigate whether CT/MRI fusion volumetric
images can improve the detectability of the mandibular canal (MC) compared with CT alone.
Methods: Images of 31 lesions within or close to the mandible using both multislice CT
(MSCT) and MRI were gathered from our imaging archives. All lesions underwent MSCT and
three-dimensional volumetric interpolated breath-hold examination (3D-VIBE) MRI. Of the 62
hemimandibles, 13 hemimandibles were excluded because the MC passed through a lesion. The
remaining 49 hemimandibles were included in this study. Each hemimandible was divided into
3 areas (premolar, molar and retromolar), and 147 areas were evaluated. First, the visibility of
the MC on CT or its neurovascular bundle (NVB) on 3D-VIBE was evaluated. Second, in areas
in which both the MC and NVB were visible, the relative locations of the NVB onMRI and the
position of the MC on CT were assessed using CT/MRI fusion volumetric images.
Results: The MC and NVB were clearly visible in 100 (68%) and 144 (98%) of 147 areas on
CT and MRI, respectively. All NVBs and MCs were in identical locations, and the NVB on
MRI was the same size or smaller than the MC on CT in 79 and 21 areas, respectively.
Conclusions: 3D-VIBE MRI can accurately depict the NVB. Compared with CT alone, CT/
MRI fusion volumetric imaging improves MC detectability.
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Introduction

While planning for dental implants and other surgical
procedures involving the mandible, detection of the
mandibular canal (MC) is important for preventing
neurosensory disturbances.1 Radiographic techniques

are usually used to identify the MC, such as periapical
radiography, panoramic radiography and CT.2 CT
examination is superior to the other examinations
mentioned for MC detection because it provides three-
dimensional (3D) sectional images.3 In a previous ar-
ticle, we reported the detectability of the MC on CT
images. At most, we could identify the MC in 82% of
cases, even when we used the “panoramic to paraxial
view” guide function on reformatted dental CT
images.4 For the remaining cases where the MC was
not detected, it would be useful to use MRI, which
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could depict inferior alveolar neurovascular bundles
(NVBs) within the MC.
To date, there have been several studies that evalu-

ated NVBs using MRI. Anson5 and Imamura et al6

compared the structures of the mandible on CT and
MRI. They identified and located MCs on both mo-
dalities and found that the interobserver and intra-
observer variability for determining the location of the
MC on MRI is smaller than those on CT. The geo-
metric accuracy with MRI was addressed by Eggers
et al7 and Goto et al8 using minute in vitro models. On
the basis of repeated measures of the distances between
previously determined points, they concluded that MRI
is acceptable for fulfilling measuring requests related to
dental implants or orthodontic surgery planning. The
ability to identify NVBs by MRI depends on imaging
parameters, but most of the studies mentioned above
used a 3D volumetric interpolated breath-hold exami-
nation (3D-VIBE) sequence.5,7,8 This sequence was
originally developed for short examinations during
a single breath-hold, but it has been used extensively
for 3D examinations, which can have a high signal-to-
noise ratio and tiny isotropic voxel images.9

Although the NVB is well visualized with MRI, it is
not used routinely in clinical practice in dentistry. This
might be because information about bony structures
from MRI would not be as straightforward as in-
formation from CT. We considered that such a poten-
tial challenge could be overcome by employing a fusion
image technique.10 In this study, we investigated
whether CT/MRI fusion volumetric images can improve
MC detectability compared with CT images alone.

Methods and materials

Patients
In this retrospective study, cases with both multislice CT
(MSCT) and MRI examinations to evaluate a lesion
within or close to the mandible from January to June 2015
were gathered from our imaging archives. 31 cases met the
above inclusion criteria, and the lesions had all been
subjected to MSCT and 3D-VIBE MRI. The patients
included 16 males and 15 females. The median age was
57 years (range, 29–85 years). The definitive diagnosis was
inflammation (8 patients), cyst (4 patients), benign tumour
(6 patients) and malignant tumour (16 patients). In this
study, the right and left mandibles were evaluated as in-
dependent cases, but of the 62 hemimandibles, 13 hemi-
mandibles were excluded because the MC passed through
a lesion. The remaining 49 hemimandibles were included
in this study. The study was approved by the institutional
review board of Tokyo Medical and Dental University
(No. D2015-530).

Image data acquisition
All patients were examined with MSCT and MRI with the
settings used in daily clinical protocols. MSCT was per-
formed using a Somatom Sensation 64 scanner (Siemens,

Forchheim, Germany). The scanning parameters were:
tube voltage of 120 kV, effective tube current of 140mAs or
quality effective current of 190mAs, collimation of 643
0.6mm and pitch of 0.6. As a result, the reconstruction
bone kernel images had a slice thickness of 0.6mm, an
increment of 0.3mm and the field of view (FOV) ranged
from 1263126mm to 1573157mm. MRI was per-
formed using a Magnetom Spectra scanner (Siemens),
which is equipped with a 3.0T magnetic field and
a 16-channel head and neck array coil. The routine imaging
protocol in our institution is composed of T1 weighted and
T2 weighted axial and coronal images with fat suppression
and gadolinium (Gd)-enhanced T1 weighted axial and
coronal images with fat suppression. Gd-enhanced images
are obtained after the i.v. administration of gadodiamide
hydrate (0.2ml kg21). T1 weighted and T2 weighted
images were obtained with a repetition time/echo time
ratio of 640ms/12ms and 5000ms/94ms, respectively.
Fat-suppressed images were obtained with the Dixon
technique or the chemical shift selective method. These
sequences were taken with a slice thickness of 4.0 mm,
intersection gap of 1.0 mm, FOV of 2303 230mm and
matrix size of 3843 384. All patients in this study were
also examined with a 3D-VIBE sequence. The scan
parameters were: repetition time/echo time of 13.7/3.9,
flip angle of 20°, FOV of 1503 150mm and matrix size
of 1923 192. There was one 3D-VIBE acquisition, with
a scan time of 3 min and 35 s.

Fusion volumetric images
Fusion volumetric images were created on a syngo®.via
VA20A workstation (Siemens). CT and MR images
from each patient were transferred to the workstation.
Both sets of images were opened with the Multimodality
Reading viewer. On the viewer, the multiplanar re-
construction layout was selected. MR images were fused
to CT images using the drag and drop function. At this
time, after choosing the “automatic registration” auto-
matic matching function, the fusion was often incomplete.
Next, we chose the manual matching function using
“visual alignment”. The mandible cortex is depicted as
white and black lines on CT and MRI, respectively. We
used trial and error to perform visual alignment until both
lines were completely overlapping, especially at the bi-
lateral heads of the mandible and the chin. This resulted in
the final CT/MRI volumetric fusion image. On the fusion
image, the CT was indicated as the same as the CT con-
sole, but for the MRI components, high signal intensity
was shown in red by changing its lookup table to “red”.

Evaluation of the images
Two oral and maxillofacial radiologists (CD and HW),
who were blinded to patient record information, eval-
uated the images independently. First, the MC was
observed on CT and the NVB was observed on MRI
separately. Next, 3D-VIBE images were reviewed to
determine whether the mandibular anatomy can be
recognized. Then, CT/MR fusion images were reviewed.
Each evaluation of MC and NVB visibility was
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performed twice with a 3-week interval by one observer
(CD) for calculation of intraobserver test reliability.
The evaluation results were then compared with those
of another observer (HW) to calculate interobserver
reliability. Disagreement between the two observers was
resolved by discussion and a consensus was reached.

Each hemimandible was divided in three areas for
evaluation: premolar (PM), molar (M) and retromolar
(RM) (Figure 1a). Evaluations were performed on the
syngo®.via workstation with a 24.1-inch light-emitting
diode monitor (EIZO, Ishikawa, Japan) in a dim room.
An MC was defined as visible in an area when the bony
cortex of the MC was clearly seen as a circle on a cor-
onal view. Invisible was defined as a partially or fully
missing portion of the cortex (Figure 1b).

The visibility of NVBs was evaluated in the same manner
in three areas on coronal views. An NVB was defined as
visible in an area when one can track the course of con-
tinuous high signal intensity. An invisible NVB was defined
as an interruption in the course of the NVB (Figure 1c).

After we investigated MC and NVB visibility, we
assessed the relationship of both anatomical constructions
on the CT/MR fusion images. It is generally accepted that
the MC is filled by the NVB based on anatomical studies,
but the NVB on MRI might appear different, mainly
because of MRI-specific image distortions. Thus, we first
evaluated whether each NVB was identical to the MC and
then matched each MC and NVB. We classified MC and
NVB configurations into three patterns: same pattern, if
the area within the MC was occupied by NVB; small
pattern, if the NVB was partially occupying the area of the
MC; and large pattern, if the NVB was sticking out of the
MC area (Figure 2).

Next, we reviewed only the 3D-VIBE images to in-
vestigate whether they could be used as an alternative to
CT images. The 3D-VIBE images were expressed in an
inverted style using the “inverted” lookup table. Careful
observation to check whether the anatomical structures
could be identified as similar to those on CT images was
performed.

Lastly, we investigated whether CT/MR fusion
images can improve the detectability of the MC when
they were invisible on CT images. We determined
whether it would be helpful to identify the course of the
MC on CT/MR fusion images.

Statistical analysis
Intraclass correlation analysis was used to evaluate
intraobserver variability. Spearman’s correlation co-
efficient was used to assess the interobserver variability
between the two observers. Fisher’s exact test was used
to evaluate a significant difference in Table; p, 0.01
was considered to be statistically significant.

Results

The visibility of the MC on CT and NVB on MRI was
evaluated for 49 MCs. Each hemimandible was divided

into three areas (PM, M and RM). A total of 147 areas
were evaluated. On CT, 100 areas were classified as
visible, while 47 areas were invisible. Invisible areas
were the most common in the PM area (31 cases), fol-
lowed by the M area (14 cases) and the RM area (2
cases). The NVB was visible on MRI in all three areas

Figure 1 (a) Schema of the hemimandible and mandibular canal
(MC). MC visibility was evaluated in three areas: premolar (P), molar
(M) and retromolar (RM). (b) Example of cases where the MC was
visible (left) or not visible (right) on CT coronal views. Visible was
defined by a clearly visible and circular bony cortex of the MC.
Invisible was defined by a partially visible or completely invisible
portion of the cortex. (c) Example of cases where the neurovascular
bundle (NVB) was visible (upper) or invisible (lower) on three-
dimensional volumetric interpolated breath-hold examination MRI.
The images on the left are coronal views. The images on the right are
sagittal views. The dotted lines indicate the locations of the coronal
views. Visible was defined by a trackable course via continuous high
signal intensity. Invisible was defined by an interruption in the course
of the NVB. Determinations were based on coronal views.
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in all but one hemimandible (Table 1). In general, NVBs
could be identified as structures with high signal in-
tensity on 3D-VIBE images, but there were some cases
in which the inferior alveolar vessels were seen sepa-
rately or the margins of the NVB seemed to be some-
what irregular because of the existence of several
branches. These evaluations were performed twice.
Intraobserver reliability for the MC and NVB was 0.923
and 1.000, and interobserver reliability was 0.741 and
1.000, respectively.
To determine whether the NVBs depicted on MRI

correspond to areas within MCs, we first investigated
whether each NVB location was identical to the MC.
There was no “not identical” cases; so, we proceeded to
perform the matching pattern test between the NVB and
MC in each area on the CT/MR fusion volumetric
images. These observations were performed for the
areas where the MCs were visible on CT (100 areas). As
a result, the same pattern was seen in 79 areas, a small
pattern in 21 areas and a large pattern in 0 cases
(Table 2). The small pattern was frequently observed in
the RM area (17 areas) (Figure 2).
Next, we investigated whether 3D-VIBE images

could be used as an alternative to CT images by care-
fully reviewing only 3D-VIBE images. We could iden-
tify almost all of the anatomical structures of the

mandible seen on CT. However, we encountered some
difficulties when attempting to identify the alveolar
crest and interalveolar bone and distinguishing the
cancellous bone from the buccal fat pad (Figure 3).

Finally, we confirmed whether using fusion images
could improve identification of the MC when it is in-
visible on CT. In almost all cases, the course of the MC
became clearer with the 3D-VIBE signals because the
NVB served as a guide on CT/MR fusion images. A
representative case is shown in Figure 4. However, there
were two cases where the fusion image did not work
effectively (Figure 5).

Discussion

CT seems to be a useful modality for visualizing the
course of the MC, but there are limitations to the visi-
bility of the MC. The proportion of visible MCs ranged
from 42% to 92% in previous reports,2,4,6,11,12 compared
with 68% (100/147 MCs) in this study. Our relatively
lower rate of detection might be due to a strict definition
for visible, but we used it to confirm whether the NVB
on MRI could really be matched to the MC on CT. In

Figure 2 Matching patterns on CT/MRI volumetric fusion images: (a) same pattern; (b–d) variations of the small pattern. The large pattern was
not observed in this study. (b) A tiny dot is present in the mandibular canal (MC) because there was a motion artefact, as shown in Figure 4c. (c)
An area of signal void in the superior MC is present, which might be due to the inferior alveolar nerve. Images similar to (d) were frequently seen in
retromolar areas. Spots with high signal intensity might represent the inferior alveolar artery and vein.

Table 1 Visibility of the mandibular canal on CT and neurovascular
bundles on MR in three divided areas

Modality PM M RM Total
CT Visible 18 35 47 100

Invisible 31 14 2 47
MRI Visible 48 48 48 144

Invisible 1 1 1 3

M, molar; PM, premolar; RM, retromolar areas.

Table 2 The results of the matching pattern test for 100 cases on CT/
MR fusion volumetric images

Identical pattern PM M RM Total (%)
Identical 18 35 47 100 (100)

Same 16 33 30 79 (79)
Small 2 2 17 21 (21)
Large 0 0 0 0 (0)

Not identical 0 0 0 0 (0)
Total (%) 18 (18) 35 (35) 47 (47) 100 (100)

M, molar; PM, premolar; RM, retromolar areas.
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contrast, the NVB visibility rate was 98% (144/147
MCs) on 3D-VIBEMRI, which was significantly higher
than that for the MC on CT (Fisher’s exact test: p,
0.0001) (Table 1). Although others have reported the
NVB visibility rate was 100%,4,5 we experienced one

invisible case in three areas. In this case, the NVB could
not be seen as a result of motion artefacts (Figure 1c
invisible case, Figures 2b and 5a–c).

The 3D-VIBE sequence could depict almost all NVBs
in this study. The NVB and MC locations were

Figure 3 Three-dimensional volumetric interpolated breath-hold examination image of the mandible. The images were expressed in a signal
inverted style using the “inverted” lookup table on a syngo®.via viewer. (a) Coronal image of the mandible: the contour of the right mandible is
clearly defined. However, the left mandible is difficult to distinguish from the buccal fat pad (arrow). (b) Sagittal image of the mandible: the
neurovascular bundles and their major branches are clearly depicted. However, the details of the mandibular structures, such as the periodontal
ligament and alveolar crest, are not clearly depicted.

Figure 4 Representative images where neurovascular bundle (NVB) signals could help us identify the course of a mandibular canal (MC) that is
not visible on CT. (a–c) are corresponding CT axial, coronal and sagittal (right side) images, respectively, where the MC could not be identified in
the premolar (PM) and molar (M) areas. (d–f) are corresponding axial, coronal and sagittal CT/MR fusion images, respectively, that could assist in
MC detection. The NVB is depicted as a red structure.
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identical. This sequence produces a data set of tiny
isotropic voxels of the entire mandible in 3 min and 35 s,
with a voxel size of 0.78 mm. We have used this se-
quence only for enhanced MRI examinations, which
enabled us to observe lesions and their surrounding
structures in arbitrary sections with image re-
construction.13 However, we found that 3D-VIBE has
some limitations in depicting the alveolar crest and
interalveolar bone and distinguishing the cancellous
bone from the buccal fat pad (Figure 3). On the other
hand, CT image data are composed of voxels ranging
from 0.253 0.253 0.6 mm to 0.313 0.313 0.6 mm,
depending on FOV size. CT is relatively weak in the
longitudinal direction because of spiral scanning, and
the minimum thickness can be up to 0.6 mm. Setting the
slice increment to 0.3 mm (50% overlapping images)
may compensate for the slick thickness. A fusion volu-
metric image could be realized from these fine CT and
MRI data sets, with the help of the syngo®.via work-
station. The syngo®.via can create fusion volumetric
images very easily, as the user does not need to worry
about differences in voxel size because the fusion status
can be adjusted with the “visual alignment” function.
With this function, the voxel size for the fusion image is
equal to the CT voxel size because the MR image is
fused to the CT base images. The resultant fusion image

could be observed in three dimensions, and the fusion
sectional images could be saved in our imaging archives.
In this study, the fusion images could not be obtained
solely by using the “automatic registration” function,
but required repeated use of the manual “visual align-
ment” function (i.e. trial and error). We consider that
the objectivity of image fusion would be warranted by
the consistency in the bilateral heads of the mandible
and the chin; in the future, however, it would be optimal
to develop an automatic matching algorithm.

Concerning the matching test between MC and NVB
on CT/MRI volumetric fusion images, it should be
noted that no large patterns were observed in this study.
Thus, it is unlikely that we overestimated NVB size on
MRI. On the contrary, there were 21 (21%) cases of the
small pattern. The small pattern was frequently ob-
served in the RM area. A typical image is shown in
Figure 2d; there are two isolated red dots that were
included in the MC. Based on the known anatomy, we
speculated they might be the inferior alveolar artery
and the vein, and the other area with signal void could
be the inferior alveolar nerve.14 We consider that the
nerve in the RM area would be thick enough to be
visualized as an area with signal void, but it would be
thinner as it runs distally.14 In fact, the same pattern
was most common in the PM and M areas, except for

Figure 5 Two cases in which CT/MR volumetric fusion images that did not help with mandibular canal (MC) identification. (a) The arrow
indicates the small pattern in the premolar (PM) area. (b) The neurovascular bundles (NVBs) had some fluctuations through the course of the MC
(arrow). (c) Coronal three-dimensional volumetric interpolated breath-hold examination (3D-VIBE) image with motion artefact, which could
make the NVB harder to identify. (d, e) shows a thin NVB signal in the PM area, but there was a high signal in a semi-circular band around tooth
36. (f) A coronal gadolinium-enhanced T1 weighted image (T1WI) with fat suppression (FS) clearly showing a metal artefact in the corresponding
area, which can degrade the NVB signal (arrow).
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four cases with the small pattern. Two of four cases
were derived from one patient, in which the NVB
signal could not be obtained from a motion artefact
(Figure 5a). One of the remaining two cases is shown in
Figure 6. This case was suspicious because of a fat
signal in the MC. Another case also had a void signal
in the MC, which corresponded to the inferior alveolar
nerve (Figure 2c).

In general, NVBs could be identified on 3D-VIBE
images except for one case with motion artefact, but we
also experienced another case that had a metal artefact
(Figure 5d–f). The NVB was visible, but the MC was
determined to be invisible in the PM area; so, it did not
meet the criteria for the matching pattern test. The
course of the MC would be expected to be clear in CT/
MR fusion images. However, the NVB in the PM area
seemed to be abnormally thin, which was determined to
be a metal artefact based on conventional MR images.
This case calls our attention to the possibility of metal
artefacts and that we have to note whether there is
such an artefact on conventional MR images before
reviewing 3D-VIBE images.

There are some limitations in this study. We collected
31 CT and MRI data sets over a 5-month period, which
might be a small sample size. However, our goal was to
obtain enough data for a pilot study, and the findings
supported our hypothesis. A larger prospective study to
verify these results is planned for the near future. An-
other concern is that this study is based on enhanced
MRI examinations. Our 3D-VIBE protocol is per-
formed during the last session of the MRI examination,
after Gd injection. Goto et al8 reported that non-
enhanced 3D-VIBE images can show the structures of
the mandible clearly, but did not describe the visibility

of the NVB specifically. The necessity of Gd enhance-
ment is a subject for future study.

In this study, we found that MR volumetric fusion
images can depict the NVB. We found that fusion images
were effective in cases where CT could not depict the
MC, except in two cases. One involved motion artefacts
and the other involved a metal artefact. This technique
can be easily introduced into daily clinical practice. We
can recommend ordering an MRI examination to
a dentist when CT cannot depict the MC well, when
doing so is clinically necessary. Possible scenarios of
clinical necessity include dental implant planning; surgi-
cal planning for removal of cysts, benign tumours or
malignant tumours; tooth extraction planning; and or-
thodontic surgical planning. Although it might be argued
that MRI is too expensive to introduce into daily use in
the dental clinic, this technology enables us to detect
NVB even when any other modalities could not, thereby
improving the safety of treatment in the dental field.

Conclusions

3D-VIBE MRI can accurately depict the NVB of the
MC. Compared with CT alone, CT/3D-VIBE MR fu-
sion volumetric images improve MC detectability.
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