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Multiplanar MR and Anatomic Study of the Mandibular Canal

Koshi Ikeda, Khang-Cheng Ho, Bruce H. Nowicki, and Victor M. Haughton

PURPOSE: To evaluate the MR appearance of the mandibular canal and its contents. METHODS:
Cadaveric mandibles were imaged at 1.5 T and 3 T, then sectioned with a cryomicrotome. The size,
shape, signal intensity, and pattern of structures in the mandibular canal were identified on MR
images by comparing them with corresponding anatomic sections. RESULTS: The inferior alveolar
nerve and connective tissue were identified on the 1.5-T and 3-T images in the mandibular canal.
Within the nerve the axon bundles were distinguished from the nerve sheath on the 3-T images.
CONCLUSION: This study suggests that MR images can show excellent anatomic detail in the

mandibular canal.

Index terms: Temporomandibular joint, anatomy; Temporomandibular joint, magnetic resonance
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Lesions of the inferior alveolar nerve (IAN)
are common. Trauma to the IAN complicates
some dental extractions (1, 2). Neoplastic infil-
tration of the IAN is the most common cause of
dysesthesia or anesthesia in the face (3). Eval-
uation of traumatic or neoplastic lesions of the
IAN is difficult because no effective imaging
strategy has been developed. Radiographs do
not consistently show the mandibular canal in
which the nerve is located (4, 5). Computed
tomography (CT) shows the canal but not the
nerve or its branches (6, 7). Furthermore, the
anatomy of the IAN is highly variable (8). We
conducted a magnetic resonance (MR) and an-
atomic correlative study of the mandibular ca-
nal using a 1.5-T imager and, to achieve more
detail and higher resolution, an experimental
3-T imager.

Materials and Methods

Six cadavers acquired from our institution’s body do-
nation program were frozen within 48 hours of death at
—20°C. The mandible was removed en bloc from the fro-
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zen cadaver with a bandsaw and divided into left and right
sections.

The hemimandibles were thawed at room temperature
before imaging. Six were imaged in a 1.5-T imager with an
experimental solenoid coil 10 cm in diameter. The speci-
mens were placed in the 1.5-T unit such that the long axes
were aligned with the y-axis and z-axis of the magnet.
Spin-echo images were obtained in sagittal, axial, and
coronal planes with parameters of 500/40/4 and 2000/
70/2 (repetition time/echo time/excitations), a 512 X 256
matrix, a 1.0-mm section thickness, and a 16-cm field of
view. The other six hemimandibles were imaged in a 3-T
imager with an experimental solenoid coil 3.3 cm in diam-
eter. The small cylindrical specimens imaged at 3 T were
placed in the circular coil with the mandibular canal par-
allel to the axis of the coil and the coil aligned with the
x-axis of the scanner. Spin-echo images were obtained in
the coronal plane with parameters of 1500/60/4, a 256 X
256 matrix, a 1.0-mm section thickness, and a 3-cm field
of view.

After imaging, each hemimandible was placed in sty-
rofoam box under fluoroscopic monitoring to align the
midportion of the mandibular canal parallel to the sides of
the box. The box was then filled with aqueous carboxy-
methylcellulose solution and frozen. The frozen block con-
taining the specimen was then placed on the stage of the
cryomicrotome (Jung Cryo Macrocut, Leica Instruments
Gmbh, Deerfield, IlI) and sectioned in sagittal, axial, or
coronal planes. Sections 20 um thick were removed from
the surface of the specimen, and the surface of the spec-
imen (on which a centimeter ruler was placed) was pho-
tographed (Olympus OM-2N and Kodachrome 100 ASA
film) as each 0.5 mm of tissue was removed. The appear-
ance of the nerves, arteries, and connective tissue in the
mandibular canal in the Kodachrome slides were ana-



580 IKEDA

AJNR: 17, March 1996

Fig 1. Sagittal T2-weighted MR image (A) of a cadaveric mandible shows the mandibular canal (arrows), the inferior alveolar nerve
(arrowheads), and surrounding connective tissue, which has a higher signal intensity. In the corresponding T1-weighted MR image (B),
the canal (arrow) and nerve (arrowheads) are shown, and the connective tissue has a higher signal intensity.

lyzed. The dimensions of the nerve were measured on the
slides by means of a calipers and the centimeter index was
included in each photograph. Four of the 12 specimens
were sectioned sagittally, 2 axially, and 6 coronally.
Four of the blocs of tissue remaining after cryomi-
crotome sectioning were processed for histologic staining.
The four blocs were fixed in 10% buffered formalin for 1
day and then decalcified in Dowex (an ion-exchange resin)
solution for 6 weeks. Specimens were embedded in paraf-
fin, sectioned on a microtome, and stained with hematox-
ylin-eosin stains and examined under light microscopy.

Results

On the MR images, the IAN and its branches
were identified (Figs 1 and 2). The IAN within

the mandibular canal typically had three
branches. The first, or retromolar, branch sep-
arated from the IAN at the mandibular foramen,
had a 2- to 5-mm course parallel to the IAN, and
then turned upward, posterior to the third molar.
The second, or molar, branch arose from the
IAN or from the retromolar branch, and had a
course parallel to the IAN before turning in a
cephalad direction. The third, or incisor, branch
arose adjacent to the mental foramen and then
coursed anteriorly. In cross section, the man-
dibular canal near the mandibular foramen (Fig
3) in which the IAN and a portion of the retro-
molar branch were located was roughly oval in
shape. The canal was round in cross section

Fig 2. Sagittal T2-weighted (A) and T1-weighted (B) MR images, medial to the mandibular canal, show the molar branch (straight
arrow) arising from the retromolar branch (curved arrow) and running parallel to the mandibular canal.
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near the middle of the canal (Fig 4). The greater
diameter of the canal averaged 4.1 mm (SD,
0.5 mm) near the mandibular foramen. The av-
erage diameter of the canal was 3.4 mm (SD,
0.5 mm) in the middle of the canal. The man-
dibular canal contained the IAN, the inferior al-
veolar artery, loose connective tissue, and
sometimes a portion of the retromolar or molar
branch of the IAN. The IAN was oval or round
and, on average, 2.2 mm (SD, 0.4 mm) in di-
ameter. The inferior alveolar artery was identi-
fied parallel to the nerve in all cases. It was in
the inferior portion of the mandibular canal near
the mandibular foramen. Half the time it was
located in the lateral inferior portion and half the
time in the medial inferior portion. In the middle
‘ ¢ of the canal, it was located in the medial supe-
buccal rior portion of the canal (Fig 4). The artery
v 4 Ry averaged 0.7 mm (SD, 0.2 mm) in diameter.
Fig 3. Coronal MR image at 3 T near the mandibular foramen The distance between the nerve and the nearest
in another cadaver illustrates the inferior alveolar nerve (straight teeth ranged from 6 mm to 7 mm at the second
arrow) and retromolar branch (curved arrow) in the mandibular molar.
canal. The IAN on histologic section was inhomoge-
neous. The peripheral sheath (epineurium) of
the nerve had a homogeneous fibrous structure.
In the epineurium, the two to eight axon bundles
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Fig 4. Comparison of a coronal MR image (1500/60/4) obtained at 3 T (A) with the corresponding cryomicrotome section (B) and
magnification of the section at midcanal level ( C). In the MR image, the osseous margins of the mandibular canal (curved arrow), the
artery (open arrow), and the nerve (straight arrow) are seen. Within the nerve the axon bundles (arrowheads) and the sheath are
identified. In the cryomicrotome sections, the osseous margin of the canal (curved arrow), the artery (open arrow), the nerve, and the
axon bundles (arrowheads) are shown.
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Fig 5. Comparison of the coronal 3-T
MR image with corresponding histologic
section. In the MR image (A), the artery
(curved arrow) and nerve (straight arrow)
are labeled. In the histologic section (B), the
axon bundles (ab), nerve sheath (ns), peri-
neurium (arrowheads), and artery (curved
arrow) are labeled.

were oval, slightly irregular, and slightly inho-
mogeneous structures. Each of the axon bun-
dles was enclosed in perineurium (Figs 5 and
6).

On T1-weighted and T2-weighted MR images
at 1.5 T, the IAN in the mandibular canal had a
low signal intensity, approximately isointense
with the muscle. The connective tissue around
the IAN had higher signal intensity on T1-

Fig 6. Comparison of the histologic sec-
tion and coronal MR image obtained at 3 T in
another cadaver shows the inferior alveolar
nerve and the retromolar branch. In the MR
image (A), the inferior alveolar nerve
(straight arrow) and the retromolar branch
(curved arrow) are labeled. Note that con-
nective tissue of high signal intensity lies
adjacent to the nerves. In the histologic sec-
tion (B), the inferior alveolar nerve (straight
arrow) and the retromolar branch (curved
arrow) are shown.
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buccal

weighted and T2-weighted images. The course
of the IAN from the mandibular foramen to the
mental foramen was evident on the sagittal im-
ages (Figs 1 and 2). It was identified more
clearly on T2-weighted images than on T1-
weighted images. The artery was not seen on
the sagittal image. In the nerve, the axon bun-
dles were not distinguished from the sheath at
1.5T.
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On the images acquired at 3 T (1500/60), the
IAN was distinguished from the surrounding
connective tissue of higher signal intensity. In
the connective tissue, the inferior alveolar artery
could be found as a low-signal-intensity struc-
ture with a higher signal intensity in the lumen.
In the IAN, the axon bundles appeared as small
irregularly shaped structures of lower signal in-
tensity than that of the nerve sheath. The nerve
sheath, which encircled the axon bundles, had a
high signal intensity, comparable to bone mar-
row (Figs 5, 7, and 8).

Discussion

The cadaveric studies of the mandibular ca-
nal can be extrapolated to clinical imaging with
some limitations. Postmortem, the contrast be-
tween tissues changes on MR images. Alanen et
al (9) showed that a rat muscle stored in a
refrigerator at 6°C had a significantly shorter T1
signal 1 day after death, which returned to base-
line levels within 4 days after death. Since in our
study the cadaver was stored several days at
—20°C, the postmortem changes are probably
not a significant factor. Freezing of cadaveric
tissue does not change the anatomic relation-
ships markedly. In freezing, the volume of tissue
is changed by up to 7%; however, the volume
change is most likely reversed by thawing for
MR imaging (10). Since we used an experimen-
tal coil and scanner, we could demonstrate
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Fig 7. Coronal MR image obtained at 3
T near the mandibular foramen illustrates
the inferior alveolar nerve (straight arrow)
and the molar branch (arrowhead) in the
mandibular canal and the retromolar
branch outside the canal (curved arrow),
distal to its branching from the inferior al-
veolar nerve. The high signal intensity in
the canal is related to the lumen of the
artery.

Fig 8. Coronal MR image obtained at 3
T posterior to the third molar illustrates the
retromolar branch (arrows) exiting from
the mandibular canal surrounded by con-
nective tissue with a high signal intensity.

lingual

more detail in the mandibular canal than can be
achieved clinically at the moment.

The transient neurologic disturbance of sen-
sation in the lip and chin that follows tooth ex-
traction in some cases presumably represents
edema or damage to the IAN (2). An MR study
of the mandible may reveal the anatomic rela-
tionships of the nerve and the teeth in the man-
dible and may help determine the risk of injury
to the nerve from extraction. The location of the
canal suggests that tooth extraction may dam-
age either the artery or nerve. MR imaging of the
IAN may help determine the cause of anesthe-
sia after dental extraction.

In earlier studies of the nerve, variations of the
IAN have been described. Previous authors
have reported that the IAN divided into two
branches, one supplying the molar, premolar,
and canine teeth and the other the incisor teeth
(8, 11, 12). Some authors described the IAN as
dividing in the mandibular foramen, with the
retromolar branch passing through a foramina
in the retromolar fossa (13, 14). Schejtman et al
(15) named this the mandibular retromolar ca-
nal. We found, as Hosaka (8) reported, that the
IAN divided into three major branches in the
mandibular canal, the ramus retromolaris, the
rami molares, and the ramus incisivus. We also
found that the artery in the mandibular canal
occupied the medial superior portion of the ca-
nal near the mental foramen, in agreement with
some authors (16-18). Like Mozsary and Syers
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(19), we found that there are 2 to 8 fascicles per
IAN, not 6 to 18, as others reported (20).

Some authors report that tumor invades
along the IAN because the nerve is not tightly
confined within the canal and foramen. There-
fore, tumor spread into the canal may obliterate
the high signal intensity of the connective tissue
(21, 22). Our histologic findings that there is
room between the IAN and the canal (Figs 3B
and 4B) is supportive of this observation. The
appearance of the canal in cases with tumor
involvement should be studied. MR imaging
may be useful in the diagnosis of tumor infiltra-
tions of the IAN.

Another application of MR imaging of the IAN
may be to facilitate a surgical anastomosis of
the IAN. MR imaging may help in the selection
of a donor nerve with similar fascicular size and
patterns to the host nerve (20) and in the deter-
mination of the length of the nerve segment that
is damaged.

Conclusion

The IAN can be shown effectively by MR im-
aging. Imaging the IAN and the artery with MR
may help in determining the risk of injury to the
nerve from tooth extraction, in diagnosing neo-
plastic infiltration in cases of metastatic carci-
noma, and in facilitating microsurgery on the
IAN.
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