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Introduction
Nerve identification is essential for planning dental sur-

gery involving tooth extraction or mass excision, especially 
in the parotid gland region. During the operation, nerve 
branches are difficult to visualize, and a preoperative delin-
eation is essential for surgeons.

In particular, the identification of the facial nerve is 
crucial for the success of surgery, because postoperative  
facial nerve palsy after parotidectomy occurs in as many 
as 3%-4% of patients.1,2 Conventional T1-weighted ima- 
ging (T1-WI) is a method used to visualize the facial nerve  
depending on the fatty tissue of the parotid gland. How- 
ever, the boundary of the facial nerve is often blurred and 
difficult to detect on T1-WI.3-5 Many reports have inves-
tigated ways of identifying the facial nerve in the parotid 
gland, but many of these methods were indirect.6,7 Lingual 
nerve damage may manifest during third molar extraction 
or inferior alveolar nerve block. Although lingual nerve 
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Purpose: This study aimed to evaluate the clinical usefulness of magnetic resonance (MR) neurography using 
the 3-dimensional double-echo steady-state with water excitation (3D-DESS-WE) sequence for the preoperative 
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The operative findings in lingual nerve surgery were also described.
Results: Ten patients with parotid tumors and 3 patients with lingual neuropathy were included. Among 10 parotid 
tumor patients, 8 were diagnosed with benign tumors and 2 with malignant tumors. The median facial nerve 
visibility score was 4.5 points. The distribution of scores was as follows: 5 points in 5 cases, 4 points in 1 case, 3 
points in 2 cases, and 2 points in 2 cases. The lingual nerve continuity score in the affected area was lower than in 
the unaffected area in all 3 patients. The average visibility score of the lingual nerve was 2.67 on the affected side 
and 4 on the unaffected side.
Conclusion: This study confirmed that the preoperative localization of the facial and lingual nerves using MR 
neurography with the 3D-DESS-WE sequence was feasible and contributed to surgical planning for the parotid area 
and lingual nerve. (Imaging Sci Dent 2022; 52: 259-66)
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damage occurs infrequently, patients with lingual nerve 
damage report substantial discomfort and neuropathic pain. 
However, it is challenging for clinicians to evaluate the  
extent of the damage because it is not easy to directly visual- 
ize the damage with conventional radiography.

Magnetic resonance (MR) imaging is a non-invasive  
modality with excellent soft tissue contrast. In addition, the 
recent development of the fast imaging technique has made 
it possible to obtain multi-directional views using image  
reconstruction.8 Advances in MR neurography have enabled 
the direct visualization of peripheral nerves. Various MR  
neurography sequences have been developed, and it is  
important to select a proper imaging protocol according 
to the location of the peripheral nerve or the cause of the 
nerve pathology.

The 3-dimensional double-echo steady-state with water  
excitation (3D-DESS-WE) sequence was initially used for 
imaging of articular cartilage in the orthopedic field.9,10 
This sequence displays water as a highly intense signal,  
while it suppresses the signal from blood flow. The 3D- 
DESS-WE sequence has been introduced to visualize the  
intra-parotid facial nerve, and several studies have evaluated  
the efficacy of the sequence for identifying the extracra-
nial branch of the cranial nerve.11-13 In the 3D-DESS-WE  
sequence, a nerve is shown with high signal intensity resul- 
ting from its myelin layer through the water excitation and 
fat-suppression technique.11 

Thus, this study aimed to investigate the feasibility and 
usefulness of MR neurography using the 3D-DESS-WE 
sequence for the preoperative identification of the nerve 
course. In particular, the accuracy of the localization of the 
facial nerve was evaluated since its relative location to the 
tumor is crucial for parotid gland surgery. For patients with 
lingual neuropathy, the continuity of the lingual nerve was 
investigated because information related to nerve conti-
nuity is important in deciding whether to perform surgical 

treatment. The MR neurography findings were verified by 
comparing them with actual surgical observations. 

Materials and Methods
Patients who visited the Department of Oral and Maxillo-

facial Surgery at Seoul National University Dental Hospital 
for a tumor in the parotid gland area or lingual neuropathy 
from January 2020 to December 2021 were included in this 
study. Patients’ surgical records were thoroughly reviewed 
to investigate the operative procedure, pathology, and the 
surgical findings related to the nerve bundle pathway. This 
retrospective study was exempted from institutional review 
approval (IRB No. ERI21046).

MR neurography was acquired with either a 3.0-T Mag-
netom Skyra Fit 20-channel head coil (Siemens Healthcare, 
Erlangen, Germany) or a 3.0-T Pioneer 32-channel head 
coil (GE healthcare, Waukesha, WI, USA). For both units, 
MR neurography was obtained with the protocol based 
on the double-echo steady-state sequence. The sequence 
is most frequently referred to as 3D-DESS-WE, although  
major MRI manufacturers have also proposed multiple  
other acronyms have also been proposed, such as FAst 
Double Echo (FADE) or Multi-Echo iN Steady-state 
Acquisition (MENSA).14 To reduce confusion, the term 
3D-DESS-WE has been consistently used in this study. 
The detailed imaging parameters of the individual units are  
described in Table 1.

All images were evaluated by a board-certified oral and 
maxillofacial surgeon and a board-certified radiologist with 
more than 6 and 7 years of experience, respectively. They 
evaluated the images with sufficient discussion and con-
sensus.

The overall nerve visibility on MR neurography was 
assessed, and the tumor-nerve relationship was evaluated. 
The overall nerve course from the stylomastoid foramen to 

Table 1. Detailed scan parameters of magnetic resonance neurography 

Equipment 3.0T Magnetom Skyra (Siemens) 3.0T Pioneer  (GE)

Sequence 3-dimensional double echo steady-state with water excitation Multi-echo in steady-state acquisition
TR (ms) 20.4 11
TE (ms) 10.3 4
FA (°) 30 30

FOV (mm) 200 × 200 200 × 200
Matrix 384 × 244 384 × 246

Voxel size (mm) 0.52 × 0.8 × 1.6 0.52 × 0.8 × 1.6
Acquisition time (min : sec) 4 : 56 5 : 19
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the parotid space was evaluated in axial slice images with 
1.6-mm thickness. The evaluation criteria followed those of 
a previous study:15 5 points: excellent nerve visualization 
with full diagnostic interpretability, 4 points: good nerve 
visibility with high confidence, 3 points: acceptable nerve 
visualization, 2 points: markedly reduced visibility and 
impaired diagnostic interpretability and 1 point: severely 
reduced visibility, allowing no diagnostic interpretability. 
The relative nerve location within the parotid gland was 
also determined. The axial, coronal, and sagittal section  
images were all reviewed by the same 2 observers men-
tioned above. Relative to the tumor, the facial nerve loca-
tion was identified as superficial, deep, or encased (Fig. 1).

The overall lingual nerve visibility on MR neurography 
was assessed from the foramen ovale to the sublingual 
gland region. The evaluation was conducted with axial 
slice images of 1.6-mm thickness, and the same evaluation 
criteria as the facial nerve were applied. Additionally, dis-
continuity of the lingual nerve of both sides was assessed. 
When the clear nerve route was lost in at least 1 image 
slide, a discontinuity was considered to be present, whereas 
if there was no signal loss for the entire nerve course, a dis-
continuity was deemed to be absent. 

Results
In total, 13 patients were included in the study, with a 

mean age of 46.8 years. There were 7 men and 6 women 

(Table 2). Ten patients underwent MR neurography for 
facial nerve evaluation and 3 patients for lingual nerve  
assessment. 

For the 10 patients who underwent MR neurography for 
facial nerve, parotidectomy was performed and the final 
diagnoses were as follows: 7 pleomorphic adenomas, 1 
carcinoma ex pleomorphic adenoma, 1 squamous cell car-
cinoma, and 1 case of nodular fasciitis. The median nerve 
visibility score was 4.5 points, with the following distri-
bution: 5 points in 5 cases, 4 points in 1 case, 3 points in 
2 cases, and 2 points in 2 cases (Fig. 2). Considering the 
actual nerve-tumor relationship, in 6 cases, the nerve was 

Fig. 1. Schematic view of the tumor-to-facial nerve relationship.

Fig. 2. Distribution of facial nerve visibility scores, with 5 points 
indicating excellent nerve visualization with full diagnostic inter-
pre-tability; 4 points, good nerve visibility with high confidence; 3 
points, acceptable nerve visualization; 2 points, markedly reduced 
visibility and impaired diagnostic interpretability; and 1 point,  
severely reduced visibility quality with no diagnostic interpretability. 
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found deep to the tumor and 2 cases showed the nerve 
on the superficial aspect of the tumor (Figs. 3 and 4). In 
2 cases, the nerve was encased within the tumor (Fig. 5, 
Table 3). The nerve localization on MR neurography was 
consistent with the surgical findings in 9 cases, whereas 1 
case showed an inconsistency between the intraoperative 
findings and MR neurography; in this case, the nerve was 
found to be encased in the tumor during surgery, whereas 
it was not clearly defined around the tumor on MR neuro- 
graphy. 

In the 3 patients with lingual neuropathy, the lingual 
nerve course on MR neurography was assessed (Figs. 6 
and 7). Two patients were treated with surgery, and 1 of 
them had neuroma (Table 3). The median nerve visibility 

Table 2. Summary of patients in this study

Case Age/Sex Pathology Location Treatment

1 23/F Traumatic neuropathy Right lingual nerve Observation
2 31/M Pleomorphic adenoma Right parotid gland Parotidectomy, cervicofacial and auricular nerve repair
3 37/M Pleomorphic adenoma Right parotid gland Superficial parotidectomy, greater auricular nerve repair
4 20/F Traumatic neuropathy Right lingual nerve Lingual nerve decompression
5 33/F Carcinoma ex pleomorphic adenoma Left parotid gland Parotidectomy, facial nerve repair
6 77/M Squamous cell carcinoma Left parotid gland Superficial parotidectomy, sural nerve graft of facial nerve, 

buccal branch
7 65/F Pleomorphic adenoma Right parotid gland Superficial parotidectomy
8 56/F Nodular fasciitis Left TMJ Deep parotidectomy, TMJ reconstruction
9 40/M Pleomorphic adenoma Left parotid gland Superficial parotidectomy

10 26/M Traumatic neuropathy Left lingual nerve Neuroma excision, nerve decompression, sural nerve graft
11 28/M Pleomorphic adenoma Right parotid gland Superficial parotidectomy
12 79/M Pleomorphic adenoma Right parotid gland Parotidectomy
13 66/M Pleomorphic adenoma Left parotid gland Parotidectomy

TMJ: temporomandibular joint

Fig. 3. A. The facial nerve is local-
ized on the superficial aspect of the 
tumor. B. The axial view of magne- 
tic resonance neurography reveals 
the nerve branch (arrow) located on 
the superficial side of the tumor (*). 

(*: tumor, arrow: nerve)

A B

Table 3. Tumor-nerve relationship based on intraoperative find-
ings and magnetic resonance neurography

Case Intraoperation MR neurography

2 Superficial Superficial
3 Deep Deep
5 Encased Encased
6* Encased Not determined
7 Superficial Superficial
8 Deep Deep
9 Deep Deep

11 Deep Deep
12 Deep Deep
13 Deep Deep

*, inconsistency between surgical and imaging finding
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score was 3.5 points. The score of the affected area was 
lower than that of the unaffected area for all patients (Table 
4). No patients showed nerve discontinuity on MR neuro- 
graphy. 

 

Discussion 
Until recently, direct visualization of peripheral nerve 

branches was challenging. Hence, many studies made 

Fig. 4. A. Intraoperative photograph 
presents the nerve deep to the tumor 
mass. B. In the axial view of mag-
netic resonance neurography, the 
facial nerve is near the stylomastoid 
foramen (arrow). C. Course of the 
facial nerve main trunk (arrow). D. 
The facial nerve closely contacts the 
tumor on the deep aspect. (*: tumor, 
arrow, nerve)

B

D

A

C

Fig. 5. A. In an axial view of mag-
netic resonance neurography, the 
buccal branch of the facial nerve is 
encased within the tumor. B. The 
buccal branch of the facial nerve 
exists within the tumor. (*, tumor; 
arrow, nerve)

A B
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efforts to establish visualization methods for the facial 
nerve using MR imaging.16 In the current study, the facial 
nerve within the parotid space was evaluated using a rela-
tively recent imaging technique, 3D-DESS-WE MR neu-
rography, and the imaging findings were quite consistent 
with the actual nerve course in most cases. Several recent 
studies have also reported that 3D-DESS-WE MR neu-
rography showed an excellent ability to detect the main 
trunk, cervicofacial, and temporofacial divisions of the 
facial nerve.7,13,17 

Clinical symptoms of lingual nerve damage vary from 
hypoesthesia to altered sensations and neuropathic pain, 
and lingual nerve damage often reduces affected individ-
uals’ quality of daily life.18 For maxillofacial surgeons, it 
has generally been difficult to decide whether to perform 
surgical treatment in patients referred for lingual nerve in-
jury.19 This was because until recently, there has been no 
direct way to visualize the lingual nerve, and most clini-

Fig. 6. A representative image of magnetic resonance neurography of the lingual nerve in this study. A. Coronal sectional view. B. Axial 
sectional view (arrow, lingual nerve).

A

B

Fig. 7. The lingual nerve is unclear, with haziness on the affected 
side (thick arrow), and is clearly shown on the unaffected side (arrow). 
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cal decisions relied on the patient’s subjective reports of 
symptoms and neurosensory testing. However, the diag- 
nosis of lingual neuropathy using neurosensory testing 
has limitations.

In contrast, 3D-DESS-WE MR neurography allows dir- 
ect visualization of the lingual nerve, which offers signifi- 
cant assistance in making clinical decisions. If the lingual 
nerve is cut or a neuroma forms due to iatrogenic damage 
by surgical instruments, surgery is often required. How-
ever, in cases of needle stick injury to the lingual nerve 
during block anesthesia, surgical treatment is unneces-
sary. Thus, it is particularly important to evaluate the con-
tinuity of the lingual nerve and the presence of neuroma 
formation. Tracing the lingual nerve through 3D-DESS-
WE MR neurography, along with an in-depth consultation 
with the dentist who referred the patient, will be more 
helpful than previous methods for establishing treatment 
plans for patients with lingual nerve damage.

The 3D-DESS-WE sequence used in the present study 
was primarily used to evaluate degenerative joint changes 
in the orthopedic field.6 This sequence displays fluid with 
an extremely bright signal, while showing bone as dark 
with high resolution.20 This technique has recently been 
adopted in MR neurography due to its ability to show 
nerves with a bright signal due to the endoneurium fluid 
while suppressing the blood signal.7,13,20 In addition, com-
pared to conventional T1-WI imaging, which is acquired 
slice by slice, the 3D-DESS-WE sequence is obtained as 
a 3D volume image that can freely be reconstructed into a 
multi-dimensional view. This method is advantageous for 
observing peripheral nerves with a thin diameter and irreg- 
ular course. 3D-DESS-WE MR neurography successfully 
detected the facial nerve accurately in most cases in the 
current study. 

In this study, 40% of the cases showed the facial nerve 
as being superficial to the tumor or encased within it, 
while 60% showed the nerve on the deep aspect of the 
tumor. When the tumor is located superficially, postoper-
ative facial palsy is less likely to occur. However, when 

tumors located deeper than the facial nerve are difficult 
to remove due to the overlying facial nerve. It takes more 
time to dissect the facial nerve from the tumor. The facial  
nerve is sometimes intentionally cut and then directly  
repaired (cases 2 and 5), or a nerve graft (case 6) is per-
formed using the sural nerve or other nerves. These pro-
cedures make parotid mass removal difficult and increase 
the total operating time. Thus, 3D-DESS-WE MR neuro- 
graphy is very helpful for surgeons to perform the opera-
tion more comfortably and confidently, enabling the over-
all operation time to be reduced. The limitations of this 
study are that the number of samples was relatively small, 
and as a retrospective study, images were acquired with 
equipment from 2 different companies.

Therefore, it is crucial to understand the relative loca-
tion of the tumor to the facial nerve in the parotid gland  
before surgery. The 3D-DESS-WE sequence for MR neuro- 
graphy is useful for delineating the facial nerve correctly. 
Preoperative planning using MR neurography with the 
3D-DESS-WE sequence can enable the surgeon to under- 
stand the spatial relationship of facial nerve with the tumor,  
which would lead to surgical success and a good prognosis. 
Furthermore, in patients with lingual neuropathy, this MR 
neurography technique helps clinicians make clinical deci-
sions regarding whether to proceed with surgical treatment.
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