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Abstract

Background: Accurate imaging of the anatomical relationship between the intraparotid facial nerve branches and parotid tumor
can be helpful for surgical planning and effective protection of the facial nerve during surgery. Three-dimensional sheath inked
rapid acquisition with refocused echoes imaging (3D-SHINKEI) is a new MRI sequence with a high tissue contrast resolution, which
has been used for imaging the peripheral nerves in several organs.
Objectives: To evaluate the value of 3D-SHINKEI sequence in representing the intraparotid facial nerve branches and their anatom-
ical relationship with neoplasms of the parotid gland.
Patients and Methods: Thirty-six patients with parotid tumors underwent MRI with 3D-SHINKEI and 3D-T2-fast field echo (3D-T2-
FFE) sequences in the coronal plane. The contrast-to-noise ratios (CNRs) and signal intensity ratios (SIRs) of the facial nerves in
the two sequences were compared. The relationship between the intraparotid facial nerve branches and parotid tumor was also
analyzed in 36 patients, and the results were compared with the intraoperative anatomy and postoperative pathological findings.
Results: The image quality score of the 3D-SHINKEI sequence for anatomical representation of the intraparotid facial nerve branches
was significantly higher than that of the 3D-T2-FFE sequence (Z = -6.197, P < 0.01). The SIRs and CNRs of the facial nerves were signif-
icantly higher in the SHINKEI images as compared to the 3D-T2-FFE images (t = 10.772, P < 0.01 and t = 11.586, P < 0.01, respectively).
The delineation accuracy of the anatomy of the main trunk of the facial nerve and its first-level branches and their relationship with
tumors was significantly higher with the 3D-SHINKEI sequence than with the 3D-T2-FFE sequence (P < 0.01). Besides, the relationship
between parotid tumors and the main trunk of the facial nerve and its first-level branches was classified into six types.
Conclusion: A high-resolution 3D-SHINKEI sequence could accurately represent the relationship between the intraparotid facial
nerve branches and parotid gland neoplasms. It was also found to be more accurate than the 3D-T2-FFE sequence.
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1. Background

The anatomical structure of the parotid gland is gen-
erally complex. It includes the main trunk of the facial
nerve and its main branches (temporofacial and cervi-
cofacial trunks), parotid ducts, and multiple blood ves-
sels. Parotid tumors are the most common salivary gland
tumors (1), which usually distort the position of these
structures. Therefore, it is very important to assess their
anatomical position during surgical planning (2). Mag-

netic resonance imaging (MRI) has been used to display the
intraparotid facial nerve in some studies (3-5). However,
MRI has some shortcomings. For example, the tissue con-
trast is poor, making distinction between the nervous and
vascular structures difficult. The background signal sup-
pression is also insufficient.

Three-dimensional sheath inked rapid acquisition
with refocused echoes imaging (3D-SHINKEI) is a new se-
quence with a high tissue contrast resolution, in addition
to fat and bloodstream signal suppression. This sequence
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has been applied for imaging the peripheral nerves (6,
7). So far, there has been no research on the intraparotid
facial nerve imaging, using the 3D-SHINKEI sequence.

2. Objectives

We aimed to evaluate the relationship between the
intraparotid facial nerve and neoplasms in patients with
parotid tumors using the 3D-SHINKEI sequence and to
compare the results with 3D T2-fast field echo (3D T2-FFE)
images and surgical findings. MRI was performed with the
two sequences in the coronal plane.

3. Patients and Methods

3.1. Ethical Approval

This study was approved by the Ethics Committee of
Shandong Provincial Hospital affiliated to Shandong Uni-
versity. All patients and healthy volunteers signed an in-
formed consent form before examinations and data collec-
tion.

3.2. Subjects

Thirty-six patients with parotid tumors were included
in this study. The patients were consecutively included
based on the inclusion criteria: (1) a history of parotid tu-
mors, confirmed pathologically; (2) undergoing MRI with
3D-SHINKEI and 3D-T2-FFE sequences; and (3) undergoing
a surgical intraoperative evaluation of the facial nerve. On
the other hand, the exclusion criteria were as follows: (1) se-
vere motion artifacts in MRI; (2) facial nerve diseases, such
as Bell’s facial nerve paralysis; and (3) a history of parotid
gland surgery or trauma.

3.3. Imaging Techniques

All examinations were conducted on a 3.0T MRI scan-
ner (Achieva TX, Philips Healthcare, Best, the Netherlands)
with an eight-channel phased-array surface coil, using 3D-
SHINKEI and 3D-T2-FFE sequences. The scanning parame-
ters of the 3D-SHINKEI sequence were as follows: (1) coro-
nal, repetition time (TR): 2500.0 ms; (2) echo time (TE):
180.0 ms; (3) field of view (FOV): 230.0 mm × 230.0 mm;
(4) voxel size: 1.0 mm × 1.0 mm × 1.0 mm; (5) matrix
size: 230 × 230; section thickness: 1.0 mm; (6) slice gap:
0, 120 sections; (7) semi-acquisition factor: 0.75; (8) echo
chain: 120; (9) accelerating factor: 2; (10) number of signal
averages (NSA): 2; (11) improved motion-sensitized driven-
equilibrium (iMSDE) preset pulse time: 50.0 ms; (12) b-
value in three directions: 10 s/mm2; and (13) scanning time:
12 minutes and 13 seconds.

Moreover, the scanning parameters of the 3D-T2-FFE se-
quence were as follows: (1) coronal, TR: 8.7 ms; (2) TE: 3.1
ms; (3) FOV: 230.0 mm × 230.0 mm; (4) voxel size: 0.5
mm × 0.5 mm × 1.0 mm; (5) matrix size: 460 × 459, (6)
section thickness: 1.0 mm; (7) section gap: 0, 70 sections;
(8) NSA: 3; and (9) scanning time: 5 minutes and 14 sec-
onds. The conventional sequences included turbo spin
echo (TSE) axial T1-weighted (T1W), T2-weighted (T2W), and
T2-weighted with fat suppression. The post-processing of
SHINKEI and 3D-T2-FFE data included maximum intensity
projection (MIP), multi-planar reconstruction (MPR), and
curved multiplanar reconstruction (CPR) to better repre-
sent the intraparotid facial nerve. Through rotation and
reconstruction, multi-angle and multi-directional images
were constructed.

3.4. Image Analysis and Quality Control

The 3D-SHINKEI and 3D-T2-FFE images were analyzed by
two radiologists with more than 20 years of experience in
head and neck imaging. The facial nerve was traced from
the styloid mastoid foramen. The location, course, mor-
phology, and signal characteristics of the nerves and their
relationship with tumors were delineated. If the two radi-
ologists disagreed on a diagnosis, consensus was reached
through consultation.

Based on the displayed condition of the facial nerve,
the two radiologists independently scored the images in
the two sequences, using a five-point scoring system. The
image quality was scored according to the overall image
quality, image artifacts (e.g., motion artifacts, pulsatile arti-
facts, and magnetic susceptibility artifacts), and signal ho-
mogeneity in the scanned areas. Generally, a score of five
indicates very good to perfect quality, that is, perfect de-
lineation of the trunk of the facial nerve and its two main
branches, no noticeable artifacts, and a homogeneous sig-
nal. A score of four indicates no compromise of diagnos-
tic quality; in other words, there are few artifacts, which
do not affect the visualization of the facial nerve and its
main branches, and there is a homogeneous signal with
minor hyperintensities. A score of three indicates accept-
able diagnostic quality, not many visible artifacts, and a ho-
mogeneous signal with major hyperintensities. A score of
two indicates an unacceptable diagnostic quality; in other
words, the main trunk of the facial nerve is not clearly dis-
played due to artifacts and an inhomogeneous signal. Fi-
nally, a score of one indicates obvious artifacts, with the
main trunk of the facial nerve indistinguishable from the
surrounding structures (3).

Moreover, the signal intensity ratio (SIR) was measured
as the ratio of the signal intensity of the facial nerve to the
parotid gland parenchyma in the same plane:
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SIR =
SIfn

SIpg

Where SIfn denotes the signal intensity of the intra-
parotid facial nerve, and SIpg is the signal intensity of the
parotid gland parenchyma in the same plane. The contrast-
to-noise ratio (CNR) was also calculated as follows: CNR =
(SIfn- SIpg)/(SIfn + SIpg) (8).

When measuring the signal intensity of the facial
nerve, the region of interest (ROI) was not placed beyond
the visible length of the nerve to avoid blood vessels.
Lymph nodes and artifacts were also excluded from the
ROI; in the two sequences, the ROIs were carefully placed
at the same location. Each ROI was 3.0 mm2 and placed
three times to obtain the mean value. The two radiologists
independently analyzed the SHINKEI and 3D-T2-FFE images
of the facial nerve and the anatomical relationship of this
nerve and its roots with tumors. Simultaneously, the ef-
fects of benign and malignant tumors on the signal, mor-
phology, and course of the intraparotid facial nerve were
examined. The results were compared with the intraoper-
ative anatomical findings and postoperative pathological
results to assess the accuracy of these two sequences.

3.5. Statistical Analysis

SPSS 23.0® for Windows (IBM Inc., Armonk, NY, USA)
was used for statistical analysis. The image score dif-
ferences of the patients in the 3D-SHINKEI and 3D-T2-FFE
sequences were examined by Wilcoxon signed-rank test.
The SIR and CNR values were normally distributed; there-
fore, we compared them between the two sequences us-
ing paired sample t-test. Moreover, the imaging accuracy
of the main trunk of the facial nerve and its first-level
branches (temporofacial and cervicofacial trunks), as well
as the relationship between the facial nerve and tumors,
was examined using McNemar’s test. P-value less than 0.05
was considered statistically significant.

4. Results

Thirty-six patients with parotid tumors were included
in this study (16 males and 20 females; age range: 17 - 66
years; mean age: 43.2 ± 10.6 years). The history of parotid
disease ranged from 10 days to 12 years. Overall, 32 pa-
tients had a painless parotid mass; three had a painful
parotid mass; and one had bilateral parotid masses with
facial nerve paralysis. All parotid tumors were confirmed
by postoperative pathology, including 30 cases of benign
tumors and seven cases of malignant tumors (Table 1).

Table 1. Distribution of Pathological Types in 36 Patients with Parotid Tumors (37
Tumors)

Postoperative pathological types No. (%)

Pleomorphic adenomas (B) 19 (51.4)

Basal cell adenomas (B) 4 (10.8)

Adenolymphomas (B) 4 (10.8)

Myoepithelioma (B) 1 (2.7)

Lipoleiomyoma (B) 1 (2.7)

Hemangioma (B) 1 (2.7)

Adenoid cystic carcinoma (M) 1 (2.7)

Acinic cell carcinoma (M) 1 (2.7)

Salivary duct carcinoma (M) 1 (2.7)

Carcinoma ex pleomorphic adenoma (M) 1 (2.7)

Squamous cell carcinoma (M) 1 (2.7)

Hodgkin’s lymphoma (M) 1 (2.7)

Squamous cell carcinoma on one side and adenolymphoma
on the opposite side (M)

1 (2.7)

Total 37 (100)

Abbreviations: B, benign tumors; M, malignant tumors.

4.1. Image Quality of the Intraparotid Facial Nerve

The intraparotid facial nerve showed a high signal in-
tensity in both 3D-SHINKEI and 3D-T2-FFE sequences. For
both the main trunk and the first branches, the image qual-
ity score was higher with the 3D-SHINKEI sequence com-
pared to the 3D-T2-FFE sequence. The subjective scores for
the 3D-SHINKEI and 3D-T2-FFE sequences were 4.20 ± 0.55
and 3.13 ± 0.57, respectively (Z = -6.197, P < 0.001). The SIR
was significantly higher with the 3D-SHINKEI sequence as
compared to the 3D-T2-FFE sequence (2.23 ± 0.68 and 1.02
± 0.20, respectively; t = 10.772, P < 0.001). Also, the CNR
findings were similar to SIRs (Table 2).

4.2. Evaluation of the Intraparotid Facial Nerve in Patients with
Parotid Tumors and Its Anatomical Relationship with Tumors

The image quality assessment results of the intra-
parotid facial nerve and its first-level branches in patients
with parotid tumors are presented in Table 3. Compared
to the intraoperative anatomical findings, there was a sig-
nificant difference in the accuracy of the two sequences
in representing the relationship between the main trunk
of the facial nerve and its first-level branches in all 37 tu-
mors. The accuracy was measured to be 91.9% (34/37) for
the 3D-SHINKEI sequence and 51.4% (19/37) for the 3D-T2-FFE
sequence (P = 0.001). The relationship between the main
trunk of the facial nerve and its first-level branches and
parotid tumors in the 3D-SHINKEI sequence was accurately
displayed and classified into the following six types:
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Table 2. Comparison of the Signal Intensity Ratio (SIR) and Contrast-to-Noise Ratio (CNR) of Sequences in 36 Patients with Parotid Tumors a

Variables SIR CNR

3D-SHINKEI 2.23 ± 0.68 0.59 ± 0.14

3D-T2-FFE 1.02 ± 0.20 0.28 ± 0.09

t-value 10.772 11.586

P-value 0.000 0.000

Abbreviations: 3D-SHINKEI, three-dimensional sheath inked rapid acquisition with refocused echoes imaging; 3D-T2-FFE, three-dimensional T2-fast field echo.
a Values are expressed as mean ± SD.

- Type 1: The location of the main trunk and first-level
branches of the facial nerve did not change by parotid tu-
mors. There were 10 cases consistent with this type on the
3D-SHINKEI images.

- Type 2: The temporofacial trunk was compressed by
a parotid tumor, and its position was changed. Images of
eight patients were categorized in this group.

- Type 3: The cervicofacial trunk was compressed by a
tumor, which changed its anatomy. Five cases belonged to
this category.

- Type 4: Both of the main first-level branches of the
facial nerve (temporofacial and cervicofacial trunks) were
compressed by a parotid tumor, and their positions were
changed. This anatomical relationship was determined in
three patients.

- Type 5: The main trunk and first-level branches of the
facial nerve were surrounded by a parotid tumor, as found
in four patients (Figure 1).

- Type 6: The main trunk and first-level branches of the
facial nerve were invaded by a parotid tumor, as found in
four patients (Figure 2).

Three lesions were affected by artifacts or the large
size of tumors, obliterating the anatomical relationship
with the facial nerve on 3D-SHINKEI images. Unlike benign
parotid tumors, malignant parotid tumors can invade the
facial nerve. The main trunk and first-level branches of the
facial nerve changed in type 6 tumors due to tumor infil-
tration. The 3D-SHINKEI images of four patients with ma-
lignant tumors were characterized by a thickening diame-
ter, signal enhancement, and non-uniformity of the main
trunk and first-level branches (Figure 2); in one case, only
the first-level branches of the facial nerve were involved.

5. Discussion

Knowledge of the anatomy of the facial nerve in the
parotid gland can be helpful in surgical planning. Differ-
ent strongly T2- or T2*-weighted volume 3D MRI sequences
have been advocated for evaluating the peripheral nerves,
including 3D gradient-recalled acquisition in steady state
(3D-GRASS), 3D constructive interference in steady state

(3D-CISS), and 3D fast imaging employing steady-state ac-
quisition (3D-FIESTA) (9-11). The peripheral nerves showed a
low signal intensity, while the cerebrospinal fluid showed
a high signal intensity in these sequences. Therefore, the
main trunk of the facial nerve and its main branches (tem-
porofacial and cervicofacial trunks) were not surrounded
by a fluid material, resulting in the insufficient signal con-
trast of the image. The facial nerve branches in the parotid
gland parenchyma were particularly thin in diameter, and
it was difficult to distinguish them from the peripheral vas-
cular signals.

Because diffusion-weighted imaging (DWI) exerts an
inhibitory effect on signals from the peripheral fat and
blood flow, the sequences generated by DWI and T2WI
may better show the anatomy and lesions of peripheral
nerves. Today, the most studied sequence is 3D fast imaging
with steady-state precession and diffusion-weighted imag-
ing (3D-PSIF-DWI). Studies on healthy volunteers show that
the intraparotid facial nerve is well displayed by this se-
quence (5). However, the theoretical composition of the se-
quence was complex, and imaging was very difficult; also,
this study was limited to healthy volunteers.

The 3D-SHINKEI sequence can visualize the nerve
sheath due to the reduction of signals from fat, vessels, and
muscles. The present findings showed that the image qual-
ity score of the intraparotid facial nerve in the 3D-SHINKEI
sequence was higher than that of the 3D-T2-FFE sequence
in healthy volunteers. The accuracy of representing the re-
lationship between the main trunk of the facial nerve and
the main first-level branches in the 3D-SHINKEI sequence
was higher than the 3D-T2-FFE sequence. The relationship
between the main trunk of the facial nerve and the main
first-level branches in parotid tumors was classified into
six types.

The 3D-SHINKEI sequence is a 3D-TSE sequence in com-
bination with short tau inversion recovery (STIR) and
iMSDE pulse. The main function of the iMSDE preset pulse
is to inhibit the blood flow signals in vessels accompany-
ing the nerve, as it can inhibit the blood flow signals in any
direction, especially for perfusion and eddy current liquid
signals (12, 13). In this way, the fat, blood flow, muscle, and
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Figure 1. A, A 54-year-old woman with basal cell adenoma; B, A 26-year-old woman with pleomorphic adenoma; C, A 66-year-old man with pleomorphic adenoma; D, A 28-year-
old woman with pleomorphic adenoma; and E, A 38-year-old man with pleomorphic adenoma. The relationships between the main trunk of the facial nerve and its first-level
branches with tumors are shown successively in post-reconstruction three-dimensional sheath inked rapid acquisition with refocused echoes imaging (3D-SHINKEI) sequence
images (arrows); and F&G, Histopathology of pleomorphic adenoma and basal cell adenoma (hematoxylin-eosin staining, ×400).
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Table 3. Comparison of the Visibility of the Main Trunk and First-level Branches of the Facial Nerve Between the Two Sequences in 36 Patients with Parotid Gland Tumors (37
Tumors) a

Variables Main trunk of the facial nerve (37) Temporofacial trunk (37) Cervicofacial trunk (37)

3D-SHINKEI 37 (100) 34 (91.2) 35 (94.6)

3D-T2-FFE 35 (94.6) 19 (51.4) 24 (64.9)

P-value 0.782 0.001 0.014

Abbreviations: 3D-SHINKEI, three-dimensional sheath inked rapid acquisition with refocused echoes imaging; 3D-T2-FFE, three-dimensional T2-fast field echo.
a Values are expressed as No. (%).

Figure 2. A 29-year-old woman with acinic cell carcinoma: A, Tumor side and B, Healthy side. Both the main trunk of the facial nerve and first-level branches (long arrow:
cervicofacial trunk; short arrow: temporofacial trunk) on the tumor side are thicker than the healthy side; C, Intraoperative anatomy; and D, Histopathology (hematoxylin-
eosin staining, ×400).

other soft tissue signals in the area of the parotid gland are
suppressed to the greatest extent, and the nerve signals be-
come more prominent.

The iMSDE has been shown to improve the visualiza-
tion of nerves in different anatomical regions. In a pre-
vious study, the brachial plexus, lumbosacral plexus, and
trigeminal nerve of five healthy volunteers were displayed
clearly with the iMSDE sequence (8). Researchers have also
suggested this MRI sequence for the lumbosacral plexus
in case of chronic neuropathy (7, 14). Visual evaluation of
the celiac plexus can be achieved using respiratory- and
cardiac-triggered 3D-SHINKEI-magnetic resonance neurog-
raphy (MRN) (15).

In terms of scanning time alone, the 3D-T2-FFE se-
quence was significantly shorter than the 3D-SHINKEI se-
quence. Our results showed that both SIR and CNR were
higher on the SHINKEI sequence compared to the 3D-T2-

FFE sequence. The image quality score of the SHINKEI se-
quence was also higher than that of 3D-T2-FFE, indicating
a significantly better image quality. In visualization of the
main trunk of the facial nerve, there were insignificant dif-
ferences between the 3D-SHINKEI and 3D-T2-FFE sequences.
However, for the temporofacial and cervicofacial trunks,
the 3D-SHINKEI sequence showed obvious advantages. Ac-
cording to the mentioned results, the main trunk of the
facial nerve and its first-level branches were related to the
location of benign tumors (in five types). The 3D-SHINKEI
images were superior to 3D-T2-FFE images in terms of sig-
nal strength and signal uniformity. Overall, 3D-SHINKEI
showed significant advantages in indicating the anatom-
ical relationship between the intraparotid facial nerve and
tumors.

In a normal parotid gland, the intraparotid facial
nerve, parotid ducts, and blood vessels have relatively fixed
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positions. If tumors develop in the parotid gland, their
position may change. Once a tumor grows in the parotid
gland, its position and shape will transform due to the
squeezing and invasion of the tumor. Surgery is the most
important treatment for the parotid gland tumors. There-
fore, accurate imaging of the intraparotid facial nerve in
surgical planning is particularly important for the effec-
tive protection of the facial nerve during surgery. Over-
all, the 3D-SHINKEI sequence can display the relationship
between the tumor and the intraparotid facial nerve posi-
tion before surgery. It is also helpful in protecting the fa-
cial nerve during surgery, facilitating the functional recov-
ery of the facial nerve after surgery, and improving the pa-
tient’s quality of life.

Among 36 patients with parotid gland tumors, seven
had malignant tumors. An important feature of a parotid
gland malignancy is invasion to the facial nerve (16). In
3D-SHINKEI images of all seven patients with malignant tu-
mors, four showed type 5 and 6 involvement; involvement
of the main trunk and/or its first-level branches showed
thickening, signal enhancement, and non-uniformity. Al-
though removal of the intraparotid facial nerve is essential
in malignant parotid tumors, inappropriate intraparotid
facial nerve removal can be harmful, causing many prob-
lems for the patient. Suspicion of the intraparotid facial
nerve invasion can be shown by 3D-SHINKEI images, and
the surgeon can preoperatively inform the patient of the
risk of intraoperative removal and subsequent loss of func-
tion. However, there is no literature on the signs of facial
nerve changes in parotid gland malignant tumors using
3D-SHINKEI.

The present study had several limitations. First, the
3D-SHINKEI scanning time is long, and patient compliance
is not simple. Second, the number of patients was small,
and the pathological types were incomplete, especially in
patients with malignant tumors. Third, the 3D-iMSDE se-
quence was not ideal for imaging the secondary branches
of the intraparotid facial nerve. Finally, due to differences
in the anatomical route, the tumor and the intraparotid
facial nerve could not always be fully visualized together
in one plane despite postprocessing; further research is
needed to improve and overcome these problems.

In conclusion, the 3D-SHINKEI-MRN sequence has high
spatial resolution, CNR, and SIR for the intraparotid fa-
cial nerve and the main first-level branches and can clearly
show the relationship between the nerves and a parotid
gland tumor. It is suggested to optimize the facial nerve
protection in preoperative planning and guide the post-
operative rehabilitation treatment plans. We recommend
this sequence for the MRI examination of patients with
parotid gland tumors.
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