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ABSTRACT

BACKGROUND AND PURPOSE: Although visualization of the extracranial branches of the cranial nerves has improved with advances in
MR imaging, only limited studies have assessed the detection of extracranial branches of the mandibular nerve (V3). We investigated the
detectability of the branches of V3 on a 3D double-echo steady-state with water excitation sequence.

MATERIALS AND METHODS: We retrospectively evaluated the detectability of the 6 branches of the V3, the masseteric, buccal,
auriculotemporal, lingual, inferior alveolar, and mylohyoid nerves, by using a 5-point scale (4, excellent; 3, good; 2, fair; 1, poor; and 0, none)
in 86 consecutive patients who underwent MR imaging with the 3D double-echo steady-state with water excitation sequence. Weighted
� analysis was used to calculate interobserver variability among the 3 readers.

RESULTS: The detection of the lingual and inferior alveolar nerves was the most successful, with excellent average scores of 3.80 and 3.99,
respectively. The detection of the masseteric, the buccal, and the auriculotemporal nerves was good, with average scores of 3.31, 2.67, and
3.11, respectively. The mylohyoid nerve was difficult to detect with poor average scores of 0.62. All nerves had excellent interobserver
variability across the 3 readers (average weighted � value, 0.95–1.00).

CONCLUSIONS: The 3D double-echo steady-state with water excitation sequence demonstrated excellent visualization of the extracra-
nial branches of V3 in most patients. The 3D double-echo steady-state with water excitation sequence has the potential for diagnosing V3
pathologies and preoperatively identifying peripheral cranial nerves to prevent surgical complications.

ABBREVIATIONS: 3D-DESS-WE � 3D double-echo steady-state with water excitation; V3 � mandibular nerve (third division of the trigeminal nerve)

Cranial nerve deficits are not uncommon, and there are many

pathologic processes that can affect the cranial nerves.1-10

Unfortunately, the physical examination findings are often non-

specific for differentiating among these pathologic causes, and

imaging plays a crucial role in diagnosing pathologic processes

affecting the cranial nerves. With increasing spatial and contrast

resolution of cross-sectional imaging, better visualization of the

cranial nerves and their major branches has become possible, but

the delineation of the entire course of the extracranial segments

of the cranial nerves still remains a diagnostic challenge.11-17

The trigeminal nerve has the largest distribution of inner-

vation among all the cranial nerves in the suprahyoid neck. Even

though the mandibular nerve (V3) is the largest division of the

trigeminal nerve, there have been only limited studies investigat-

ing the visualization of the extracranial segments of V3 with MR

imaging. Several prior studies have focused on imaging the ex-

tracranial segments of V3 by using a T1-weighted fast-spoiled

gradient recalled-echo sequence with fat suppression,9 a T1-

weighted MPRAGE sequence with water excitation fat suppres-

sion,18 or a diffusion tensor tractography sequence,19 but these

studies evaluated only the inferior alveolar nerve. Another study

used FIESTA and fast-spoiled gradient recalled-echo sequences to

evaluate the entire V3 nerve, but the extracranial peripheral V3

branches were not well-demonstrated, with the exception of the

inferior alveolar and lingual nerves.13

The 3D double-echo steady-state with water excitation (3D-

DESS-WE) sequence is a recently introduced MR imaging tech-

nique that can delineate the peripheral cranial nerves as high-

signal-intensity structures.20 At our institution, this sequence has

been added to our standard MR imaging protocol of the salivary
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glands and has been used routinely to evaluate the intraparotid

facial nerve and salivary ducts within the salivary glands since

October 2012. The purpose of this study was to investigate the

detectability of the extracranial peripheral branches of V3 on the

3D-DESS-WE sequence.

MATERIALS AND METHODS
Patient Population
This retrospective study was approved by our institutional review

board, and informed consent was waived. We reviewed 86 con-

secutive patients who underwent MR imaging for the evaluation

of salivary gland lesions from October 2012 to March 2014 (40

males and 46 females; age range, 17– 88 years; mean age, 58 years;

median age, 63 years). Of 86 patients, the final diagnoses or sus-

pected diagnoses were as follows: 47 benign tumors, 6 cases of

Sjögren syndrome, 5 infectious diseases, 5 malignant tumors, and

5 submandibular lesions; the rest of the 18 patients were healthy

or had lesions incidentally found in other locations. Patients with

severe motion artifacts, metal artifacts, or large mass lesions de-

forming adjacent anatomic structures were excluded from evalu-

ation. Ultimately, 85 patients were in-

cluded in this study, and there were

certain patients whose respective nerve

branches were excluded from the

evaluation.

MR Imaging Procedures
All patients underwent MR imaging with a

3T unit (Magnetom Skyra; Siemens, Er-

langen, Germany) by using a commer-

cially available 20-channel head-neck coil

with our routine neck protocol that in-

cluded the 3D-DESS-WE sequence. The

precise parameters of the 3D-DESS-WE

sequence are as follows: TR/TE � 11/4.21

ms, flip angle � 30°, FOV � 200 � 200

mm, matrix � 384 � 244, effective section

thickness � 0.82 mm, number of acquisi-

tions � 1, scan time � 4 minutes 12 sec-

onds. Slab thickness (11.2 cm) of the 3D-

DESS-WE sequence is from the skull base

to the mandible.

Image Evaluation
All acquired images were transferred to

our clinical server and evaluated with a

PACS, with a 2-megapixel high-resolu-

tion liquid-crystal display. Three readers

(reader A, third- year radiology resident;

reader B, first-year medical student;

reader C, attending neuroradiologist

with 17 years of experience) indepen-

dently evaluated the 6 extracranial

branches of the V3: the masseteric nerve,

the buccal nerve, the auriculotemporal

nerve, the lingual nerve, the inferior al-

veolar nerve, and the mylohyoid nerve.

The courses of the V3 branches were

determined by tracing the nerve from the foramen ovale dis-

tally, compared with anatomic diagrams from Gray’s Anat-

omy.21 Axial source images of the 3D-DESS-WE sequence were

mainly used for tracing the branches of the V3. Reconstructed

sagittal and coronal thin (3-mm thick) slab MIP images of the

3D-DESS-WE sequence were also used simultaneously.

Representative images of the 6 branches of V3 are shown in

Figs 1 and 2. As the V3 descends from the foramen ovale, it divides

into the anterior division, which gives off the masseteric nerve and

the buccal nerve (Fig 1A), and the posterior division, which gives

off the auriculotemporal nerve (Fig 1D), the lingual nerve (Fig

2A), the inferior alveolar nerve (Fig 2B), and the mylohyoid nerve

(Fig 2C).

We evaluated the images focusing on the continuity of each V3

branch and distinguishing the branch from the V3 trunk to avoid

potential confusion of vascular structures for nerve structures.

Each of the 6 branches of V3 was divided into proximal and distal

portions at intermediate points to facilitate evaluation. The inter-

mediate point for the masseteric nerve is the point at which the

FIG 1. A and B, Axial source images of the 3D-DESS-WE sequence. C and D, Coronal reformatted
images of the 3D-DESS-WE sequence. Axial image shows the masseteric nerve (A, arrow) and
buccal nerve (A, solid arrowhead) arising from the V3 trunk. The intermediate point is established,
where the masseteric nerve enters the deep surface of the masseter muscle (B, arrow), to divide
the nerve into proximal and distal portions. The intermediate point for the buccal nerve is
established as the anterolateral edge of the lateral pterygoid muscle (B, solid arrowhead). Refor-
matted coronal images show the course of the buccal nerve running inferiorly (C, arrows) and the
auriculotemporal nerve running inferolaterally (D, arrows). The intermediate point is established
where the auriculotemporal nerve enters the pterygoid venous plexus (B and D, open
arrowheads).
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nerve enters the deep surface of the masseter muscle (Fig 1B). The

intermediate point for the buccal nerve is where the nerve enters

the anterolateral edge of the lateral pterygoid muscle (Fig 1B). On

the coronal image, the distal portion of the buccal nerve runs an

S-shaped course (Fig 1C). The intermediate point for the auricu-

lotemporal nerve is where the nerve enters the pterygoid venous

plexus (Fig 1B, -D). The intermediate point for the lingual nerve is

where the nerve running laterally starts to change direction me-

dially (Fig 2A). The intermediate point for inferior alveolar nerve

is where the nerve enters the mandibular foramen (Fig 2B). The

intermediate point for the mylohyoid nerve is where the nerve

enters the mylohyoid muscle (Fig 2C).

Statistical Analysis
We evaluated the capability of detecting the V3 branches with a

5-point scale with the criteria as follows: excellent (4), both the

proximal and distal portions of the nerve identified; good (3),

both the proximal and distal portions of the nerve identified but

not continuous; fair (2), only the proximal portion of the nerve

identified; poor (1), only the proximal portion of the nerve iden-

tified but not continuous; and none (0), the nerve not identified.

The average scores for each reader, in addition to the average score

from all 3 readers for the 6 branches of the V3, were calculated.

The weighted � analysis used to calculate interobserver vari-

ability was defined as follows: poor, �0.2; fair, �0.2 to �0.4;

moderate, �0.4 to �0.6; good, �0.6 to �0.8; and excellent, �0.8

to �1.22

RESULTS
The 3D-DESS-WE sequence was performed in all 86 patients, but

1 patient was excluded because of severe motion artifacts. With 85

patients, 170 nerves for each side of the V3 were reviewed. Because

patients with metal artifacts and large mass lesions deforming the

adjacent anatomic structures were excluded from the evaluation,

166 masseteric nerve, 166 buccal nerve, 167 auriculotemporal

nerve, 159 lingual nerve, 159 inferior alveolar nerve, and 159 my-

lohyoid nerve segments were included in the analysis.

The average evaluation scores performed by the 3 readers and

the interobserver variability are shown in Tables 1 and 2.

The detection of the lingual and the inferior alveolar nerves

was excellent, with average scores of 3.80 and 3.99, respectively.

The detection of the masseteric, buccal, and auriculotemporal

nerves was relatively good, with average scores of 3.31, 2.67, and

3.11, respectively. The mylohyoid nerve was difficult to detect,

with an average score of 0.62.

The interobserver variability was excellent among the 3 read-

ers (average weighted � value, 0.95–1.00).

DISCUSSION
Because the V3 is a large cranial nerve with mixed sensory and

motor function that innervates a large region of the suprahyoid

neck, a wide variety of physical manifestations and pathologies

such as tumor, inflammatory/infectious disease, vascular disease,

and trauma can be found affecting it in clinical practice.7,11,12 V3

contains clinically important branches often affected by head and

neck cancers via direct invasion and/or perineural tumor spread.

All of these pathologic etiologies have the potential to impact

clinical outcomes significantly and may contribute to significant

morbidity and quality of life.3,10,23,24 An in-depth understanding

of the anatomy and normal course of the extracranial nerves is

required to make the diagnosis of many of these pathologies, and

more sophisticated and dedicated high-resolution MR images for

peripheral cranial nerve imaging are expected to enter and influ-

ence clinical practice.

The widespread uses of volumetric CT scanners and high-field

MR imaging scanners and recent advances in MR imaging technol-

ogy have provided opportunities to obtain high-resolution images of

the cranial nerves. Following the entire course of the cranial nerves,

including the extracranial segments, however, is still a diagnostic

challenge in routine clinical practice.1,2,11-16 Intracranial segments of

the cranial nerves, particularly the cisternal segments, are readily de-

tected by using high-resolution heavily T2-weighted imaging.14,15

Without the high-signal background from the CSF, however, heavily

FIG 2. A and B, Coronal reformatted image of the 3D-DESS-WE sequence. C, Axial source image of the 3D-DESS-WE sequence. Reformatted
coronal images show the lingual nerve (A, arrows) and the inferior alveolar nerve (B, arrows). The intermediate points are established where the
lingual nerve running laterally starts to change direction medially (A, arrowhead) and where the inferior alveolar nerve enters the mandibular
foramen (B; arrowhead). Axial image shows that the mylohyoid nerve runs at the medial surface of the mandible (C, arrow). The intermediate
point is established where the nerve enters the mylohyoid muscle (C, arrowhead).
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T2-weighted imaging has not proved to be very useful in visualizing

the extracranial segments of the cranial nerves. Detecting the remain-

ing peripheral segments can be achieved with pre- and postcontrast

high-resolution 3D T1-weighted images (gradient-recalled acquisi-

tion in steady state, fast-spoiled gradient recalled-echo, or MPRAGE)

with and without fat suppression,9-13,16,18,23 but detecting the entire

course of the extracranial branches of the cranial nerves is still very

challenging.

The 3D-DESS-WE sequence, commonly used in musculosk-

eletal imaging, was recently applied for visualization of the in-

traparotid facial nerve and is quite successful.20 In our institution,

we routinely use the 3D-DESS-WE sequence when investigating

parotid lesions, both for visualization of the intraparotid facial

nerve to localize the parotid tumor and to detect involvement of

the nerve. In this study, we assessed the detectability of the ex-

tracranial segments of V3 by using the 3D-DESS-WE sequence.

Our study demonstrates that it is possible to detect the entire

course of the main branches of V3 with non-contrast-enhanced

MR imaging. In a recent study performed by Cassetta et al,13 the

detectability of the branches of the V3 (buccal, auriculotemporal,

lingual, and inferior alveolar nerves) was evaluated with a combi-

nation of FIESTA and fast-spoiled gradient recalled-echo se-

quences performed with a 3T scanner, but the authors were not

able to identify the buccal nerve or the auriculotemporal nerve in

all cases. The 3D-DESS-WE sequence used in this study demon-

strated superior detection of the 4 branches of the V3, including

the buccal and auriculotemporal nerves. This study also builds on

prior work in which we assessed the detectability of the masseteric

and the mylohyoid nerves.13

Because the lingual and the inferior alveolar nerves are sur-

rounded by fat and/or fatty bone marrow along their course, the

detection of these nerves was excellent by using a water excitation

fat-suppression technique.20 The detection of the masseteric and

the buccal nerves was also relatively good. The 3D-DESS-WE se-

quence involves the acquisition of 2 different echoes during each

TR, on the basis of the steady-state free precession technique. The

first echo is the free induction decay gradient echo used in the

FISP sequence, and the second is the spin-echo used in the steady-

state free precession sequence.20 Because the steady-state free pre-

cession signal intensity has a dominant T2 contrast17 and the FISP

signal intensity provides more anatomic

details with tissue contrast dominated

by the T1/T2 ratio,20 we speculate that

the component of T2 contrast in the

DESS sequence would show the nerve it-

self as a high-signal-intensity structure

and would enable us to track the nerve

easily with paging methods on the PACS

viewer. In future studies, we expect that

the T2 contrast of the nerve itself will

enable the detection of signal abnormal-

ities in nerves with normal morphology,

such as the early stage of the perineural

spread of malignancy and infection/in-

flammatory disease.

Although it was difficult to differen-

tiate the auriculotemporal nerve from

the pterygoid venous plexus in some patients, the detection of the

auriculotemporal nerve was relatively successful in our study. Be-

cause the auriculotemporal nerve is often involved in the perineu-

ral spread of malignancy,3,10,24 our results suggest that the 3D-

DESS-WE sequence is a promising method for evaluating

perineural tumor spread. The main explanation for the poor de-

tection of small branches is that the visualization depends on the

size of the nerve. To better visualize small nerves such as the my-

lohyoid nerve, further refinement in the sequence design or

higher magnet strength for higher SNR may be needed. Size was

not the sole limitation for the detection of small nerves, however,

because the masseteric, buccal, and auriculotemporal nerves were

visualized well in this study. The visibility of small nerve struc-

tures may depend on the morphology and arrangement of struc-

tures adjacent to each nerve branch. Relatively lower scores of

masseteric and buccal nerves compared with the auriculotempo-

ral nerve are likely secondary to susceptibility artifacts from the

sinonasal cavity air.

In this study, we evaluated the capability of depicting the seg-

ments of the V3 branches by using 3 readers of dramatically dif-

ferent backgrounds and levels of training: a medical student, a

radiology resident, and a neuroradiology attending physician.

The interobserver variabilities among the 3 readers were excel-

lent; this outcome reflected the inherent improved diagnostic

capabilities of the V3 nerves by using the 3D-DESS-WE se-

quence. Although the reader’s experience influences the imag-

ing interpretation and impacts the diagnostic assessment, we

believe that interpreting images by tracking the nerves in this

3D-DESS-WE sequence is a promising method for detecting

and evaluating the extracranial peripheral cranial nerves. The

advantages of the 3D-DESS-WE sequence include its short ac-

quisition time and using the standard head and neck coil with-

out a surface coil, in addition to high and uniform detectability

of the peripheral cranial nerves by readers at various training

levels. These features make the 3D-DESS-WE sequence readily

feasible in routine clinical practice.

One of the limitations of this study was the presence of suscep-

tibility and motion artifacts, which were prominent in the 3D-

DESS-WE sequence, and inhomogeneous fat suppression, which

interfered with visualization of the nerves. We noticed that the

Table 1: Average scores of the 3 readers evaluating the V3 nerves
V3 Nerves Reader A Reader B Reader C Average

Masseteric 3.34 � 1.083 3.36 � 1.015 3.24 � 1.016 3.31 � 1.038
Buccal 2.64 � 1.308 2.75 � 1.332 2.63 � 1.281 2.67 � 1.306
Auriculotemporal 3.13 � 1.376 3.07 � 1.220 3.13 � 1.185 3.11 � 1.261
Lingual 3.77 � 0.781 3.88 � 0.544 3.75 � 0.682 3.80 � 0.677
Inferior alveolar 4.00 � 0.000 4.00 � 0.000 3.97 � 0.157 3.99 � 0.091
Mylohyoid 0.46 � 0.785 0.67 � 0.917 0.72 � 0.764 0.62 � 0.831

Table 2: Interobserver variability of the 3 readers (A, B, and C) evaluating the V3 nerves
V3 Nerves A and B B and C C and A Average

Masseteric 0.960 0.970 0.961 0.96
Buccal 0.954 0.973 0.936 0.95
Auriculotemporal 0.942 0.961 0.955 0.95
Lingual 0.974 0.994 0.977 0.98
Inferior alveolar 1.000 0.998 0.998 1.00
Mylohyoid 0.983 0.967 0.959 0.97
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masseteric and buccal nerves are affected by the susceptibility ef-

fect from the paranasal sinus air. Applying other types of fat-

suppression techniques to the 3D double-echo steady-state se-

quence may improve the visualization of the nerves. Another

limitation is the subjective and qualitative evaluation used in this

study; objective quantitative evaluation may be needed to dis-

criminate normal and abnormal findings of the nerves in a future

study. Finally, because we have no surgical or pathologic correla-

tion with images in this study, we cannot tell whether the small-

sized nerve branches are actually the small-sized nerves, but in-

stead we relied on their having a characteristic anatomic course.

CONCLUSIONS
The 3D-DESS-WE sequence demonstrated excellent visualization

of the extracranial branches of the V3, such as the masseteric

nerve, buccal nerve, auriculotemporal nerve, lingual nerve, and

inferior alveolar nerve, in most patients. Uniform high detectabil-

ity of the normal course of peripheral branches of the V3 was

obtained by readers with very different experience. The 3D-

DESS-WE sequence has the potential for diagnosing V3 patholo-

gies and for more precise preoperative identification of the pe-

ripheral nerves, which may help in preventing complications

from surgical intervention with future studies.
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