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Abstract: The present study aimed to determine whether an extracranial segment of the facial nerve could be delin-
eated using diffusion tensor imaging (DTI) tractography. A total of 16 volunteers with healthy facial nerves received 
high-definition 3D-T1WI-1 mm and high-definition DTI scanning in a 3T-MR imaging system. The SPM-old norm 
method was used in the present study, which enabled the 16 volunteers to have their 3D-T1WI-1 mm to be matched 
with MNI152_T1_0.5 mm, and establish horizontal T1WI standard templates of 0.5-mm layer thick groups contain-
ing parotid glands. The common interest region with a diameter of 10 mm was calculated via fslmaths, and this was 
placed in the facial nerve stem in the foramen. TrackVis and its Diffusion Toolkit software were used for the facial 
nerve tracing of the 0.5-mm thin-layer DTI data to obtain the DTI-tractography images of the extracranial segment of 
facial nerves of the 16 volunteers in the standard space distribution at the group level, and the fractional anisotropy 
(FA) and mean diffusivity (MD) values of the extracranial segment of the facial nerve. Then, a statistical analysis was 
conducted. A binary mask was applied for all images to obtain the distribution of the extracranial segments of the 
facial nerve. However, there was no statistical difference in FA and MD values of the extracranial segment of facial 
nerves on both sides in healthy subjects. In conclusion, although the facial nerve distribution in the horizontal trac-
ing group level in the present study had a certain error, this basically met the extracranial facial nerve distribution 
mode of the anatomical study. Large sample facial nerve scanning could perhaps reduce the error, and allow for a 
more accurate evaluation of the distribution of the extracranial segment of the facial nerve. 
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Introduction

A number of studies have been conducted on 
facial nerve dissection of the parotid glands 
using the T1*- or T2*-weighted volume 3D MR 
sequences, such as the sequences of 3D- 
GRASS, 3D-PSIF and 3D-DESSWE, and facial 
nerves show a high signal or low signal in T1-like 
or T2-like sequences [1-3]. A traditional 3D MR 
sequence can display the main branches of the 
extracranial segment facial nerve trunk, neck 
surface trunk and temporal surface trunk, but 
this cannot perform an analysis on the plexus 
of the intraparotid facial nerve. There are heavi-
er bone and air artifacts around the extracrani-
al segment facial nerve. Hence, there is a cer-
tain difficulty in scanning the parotid plexus of 

facial nerves by conventional thick-slice diffu-
sion tensor imaging (DTI). Previous studies have 
adopted the 2-mm-layer thick single-shot DTI 
sequence (single-shot spin-echo DTI sequence) 
to track facial nerves in the parotid glands,  
and used super-resolution techniques (MRtrix3 
software) to perform the post-treatment of the 
technique layer 0.3-mm3 of the original DTI 
sequence to obtain the facial nerve tract DTI 
nerve fiber tracking images in the parotid 
glands [4, 5]. Furthermore, the 0.4-mm3 voxel 
30-direction DTI sequence was used to scan a 
one-year-old infant’s body specimen, with a 
data acquisition cost of 15 hours [6], and the 
fractional anisotropy (FA) map of facial nerves 
in the temporal bone was obtained using the 
Brain-Voyager software v20.6 (Brain Innovation, 
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Maastricht, Netherlands). However, DTI nerve 
fiber tracking was not performed. 

Readout-segmented echo-planar diffusion-wei- 
ghted imaging (RESOLVE) is a kind of multi-shot 
DTI sequence, which can reduce the influence 
of bone, air and other magnetic sensitive arti-
facts on the image. In the present study, 
20-direction RESOLVE sequence was used for 
facial nerve scanning, and the scanned area 
included facial nerves in the temporal bone and 
outside the skull. Conventional standard tem-
plates, such as the Montreal Neurological 
Institute (MNI) template, merely contain a small 
quantity of extracranial anatomical structures, 
and most of the sectional areas of the extracra-
nial facial nerve are not included. Hence, the 
facial nerve DTI data cannot be placed in the 
same standard space. At present, no study has 
analyzed the extracranial segment of facial 
nerves at the group level using the DTI se- 
quence. 

In the present study, SPM-old norm and FMRIB 
Software Library (FSL) toolkits were used. 
Furthermore, affine transformation and nonlin-
ear matching methods were used to place the 
T1WI images and DTI data of all volunteers in 
the same standard space, and the data inter-
polation was up to 0.5 mm layer thick [7, 8]. The 

Magnetic resonance (MR) imaging procedures

A 3.0T MR scanner (MagnetomSkyra; Siemens 
Healthcare, Erlangen, Germany) with a head-
neck phased-array coil and 16 channels was 
used. The following sequences were perfor- 
med: sagittal 3D magnetization-prepared rapid 
acquisition gradient echo (MP-RAGE) sequence 
with a voxel size 1.0 mm3 (TR = 2,000 ms, TE = 
1.97 ms, and FOV = 256 × 256 mm), and axial 
DTI sequence, which was named, RESOLVE. 

The parameters of the RESOLVE sequence 
were as follows: TR: 4,290 ms, TE1: 71 ms, 
TE2: 105 ms, diffusion-sensitive factor b = 0 
and 1,000 s/mm2, 20 directions, acquired 
voxel size: 1.2 × 1.2 × 3.0 mm3 with a slice 
thickness 3 mm, field of view: 220 × 220 mm, 
multi-shot spin-echo sequence, slices: 30, and 
scan duration time 12.49 seconds. 

Data post-processing

The SPM-old norm method was used for the 
radiation transformation and nonlinear match-
ing of the 3D-T1-MPRAGE-1 mm image and 
MNI152_T1_0.5 mm brain template (Interna- 
tional Consortium for Brain Mapping) of all vol-
unteers. Furthermore, the bonding box (-90 
-126 -108; 90 90 108) created the group-level 

Figure 1. Boxplots of the FA (A), MD (B), average length (C) and number of 
facial nerve fibers (D) for the left and right group. FA: fractional anisotropy; 
MD: mean diffusivity.

10 mm-diameter spherical re- 
gion of interest with the same 
size was located on both sides 
of the stylomastoid foramen. 
The group-level analysis was 
conducted on the FA and mean 
diffusivity (MD) values of facial 
nerves on both sides, as well 
as DTI nerve fiber tracing.

Materials and methods

Subjects

All 16 volunteers had normal 
facial nerves, including 15 ri- 
ght-handed and 1 left-handed 
(10 women and 6 men; mean 
age: 40.8±6.5 years; range: 
23-52 years), who had BMI 
(body mass indexes) of 19.7-
26.9, two of which were reject-
ed for their BMI values above 
30. 
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template that contained parotid glands, and 
the voxel size of T1WI was reduced to 0.5 mm 
from 1 mm, and was named, the 3D-T1WI-0.5 
mm template. Group-level secondary matching 
was conducted to the image of each volunt- 
eer after the norm with the same method. The 

tion of stylomastoid foramen facial nerve that 
went out of the skull on two sides (Figure 1). 
TrackVis and its Diffusion Toolkit software were 
used for facial nerve tracing, with a FA thresh-
old value of >0.15 and an angle threshold value 
of 60°.

Table 1. FA and MD values, and numbers of both sides of the facial nerve (mean ± SD)
Left Right P value

FA value 0.326±0.040 0.323±0.036 0.700 (t = 0.393)
MD value (10-3 mm2/s) 0.970±0.148 1.039±0.190 0.063 (t = -2.005)
Average length of nerve fibers (mm) 10.784±4.116 10.517±4.619 0.864 (t = 0.175)
Number of nerve fibers 5073±1633 5013±1716 0.897 (t = 0.132)
Note: FA: fractional anisotropy; MD: mean diffusivity.

Figure 2. The branch of the facial nerve in the parotid gland in format (A) of 
the anatomy has six distribution forms, with the proportion of the distribu-
tion accounting for 6%-28%. There was no absolute dominant type facial 
nerve distribution, and the area in red presents the diagram of the region of 
interest. In (B-D), the MNI map with a 0.5-mm layer thickness was overlaid 
with the average T1WI of the 0.5-mm layer thickness of all volunteers. This 
is the area of the extracranial segment facial nerve region of interest on two 
sides of the facial nerve, from the stylomastoid foramen to the entrance of 
the parotid gland. The regions of interest on two sides were consistent in 
size and shape, and symmetrical in position. MNI: Montreal Neurological 
Institute; T1WI: T1 weighted image.

3D-T1WI-0.5 mm template fr- 
om that subject was smooth- 
ed using a Gaussian kernel, 
with FWHM = 8 mm, and this 
was normalized to the other 
3D-T1WI-0.5 mm templates, 
which included both affine and 
non-linear matching, with the 
same enlarged bonding box 
(-90 -126 -108; 90 90 108) 
(SPM12-old norm).

Then, FSL (Oxford, UK) was 
used for the eddy-current cor-
rection of DTI data, but brain 
peeling was not conducted. 
Then, the DTI data obtained 
after the eddy-current correc-
tion was used for radiation 
transformation and nonlinear 
matching with the respecti- 
ve 3D-T1WI-0.5 mm group-lev-
el common template of the vol-
unteers. The voxel of the DTI 
image after matching was 
reduced to 0.5 mm. The DTI 
map after matching interpola-
tion was calculated for indexes 
using the Diffusion Toolkit to 
obtain the FA map and MD 
map (mean diffusivity). 

Furthermore, fslmath was us- 
ed for the group-level T1WI- 
0.5 mm average template to 
respectively calculate the two 
10-mm-diameter spherical re- 
gions of interest in the posi- 
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Statistical analysis

For the overall analysis of the facial nerve, 
descriptive statistics for the qualitative data 
were developed after pooling the right and left 
sides, while the quantitative data were aver-
aged across both sides. A normality test was 
conducted first with a sig of 0.167. This proce-
dure was performed to simplify the presenta-
tion of the results. For the quantitative mea-
surements, paired t-test was performed to 
assess the FA and MD value, and the average 
lengths and numbers of the facial nerve side-
to-side differences. All tests for statistical sig-
nificance were performed for two-tailed hypoth-
eses, with P<0.05. The statistical calculations 
were performed using the Statistical Package 
for the Social Sciences, Version 18 (SPSS, 
Chicago, Illinois, USA).

Results 

All FA and MD maps were successfully obtain- 
ed from the 16 healthy volunteers. No statisti-

as the facial nerve trunk, as shown in Figure 
2A-D (green and pink). If half of the average 
probability of 16.7% is exceeded, this indicates 
that the maximum distribution probability of 
the facial nerve is in the parotid gland, as 
shown in Figure 5A-D. 

Discussion 

In parotidectomy, iatrogenic injury of the facial 
nerve should be avoided, and the protection of 
the facial nerve remains as a key problem dur-
ing surgery [9-12]. The extracranial segment of 
the facial nerve enters into the parotid gland 
from the stylomastoid foramen, and this can be 
divided into the temporofacial branch and cer-
vicofacial branch, two trunks, and five branch-
es. Davis et al. dissected 350 cervicofacial 
halves, and discovered that the parotid gland 
segment facial nerve branch is distributed in 
six forms, and the distribution of each form was 
not in the leading dominant position, with the 
maximum distribution form accounting for 28%, 
the minimum distribution form accounting for 

Figure 3. The facial nerve DTI tracing of healthy volunteers is shown. A: 
Coronary; B: Right sagittal position; C: Left sagittal position; D: Bilateral 
transverse facial nerve distribution. The facial nerve distribution forms on 
two sides were basically symmetrical. DTI: diffusion tensor imaging.

cal difference was obtained  
for FA, MD and numbers in 
both sides of the facial nerve 
(P>0.05, Table 1 and Figure 1). 
The facial nerve distribution 
that formed on both sides was 
basically symmetrical.

The red circular region in 
Figure 2A presents a diagram 
of the region of interest with a 
diameter of 10 mm, and the 
two sides were consistent in 
size and shape, and symmetri-
cal in position. The volume was 
calculated using fslmath from 
the coronal, sagittal and axial 
planes (Figure 2B-D). The fa- 
cial nerve DTI tracing of one 
healthy volunteer is presented 
in Figure 3. If the facial nerve 
distribution was regarded to 
exceed 6% of the lowest distri-
bution probability, this would 
be deemed as a facial nerve in 
the parotid gland, as shown in 
Figure 4A-D (red and blue). If 
the facial nerve distribution 
was regarded to exceed 50% 
of the lowest distribution prob-
ability, this would be deemed 
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6%, and the remaining distribution forms ac- 
counting for 9%, 13%, 20% and 24%, respec-
tively; and the average distribution probability 
is 16.7% [13, 14]. In another study conducted 
by Ellis et al., 46 corpses and 22 skulls were 
dissected, and the following were discovered: 
except for the fixed position of the facial nerve 
trunk from the stylomastoid foramen to the 
tympanomastoid fissure end towards 10 mm 
inwards, other facial distal distribution forms 
were very complicated, and even one person’s 
bilateral facial nerve distribution was inconsis-
tent [15]. In the present study, in the area where 
the bilateral stylomastoid foramen went out of 
the skull in the group level T1WI template, fsl-
math was used to calculate the spherical com-
mon region of interest, and DTI nerve fiber trac-
ing was performed for the bilateral extracranial 
facial nerves. Although norm treatment was 
conducted for each volunteer’s T1WI in the 

maximum distribution probability of the facial 
nerve; Figure 5), this indicates the starting 
points of the temporofacial trunk, cervicofacial 
trunk and cheek branch of the facial nerve. The 
facial nerve constitutes a complicated nerve 
plexus in the parotid gland (Figure 4), and this 
shows that no expected facial nerve injury was 
caused after the tiny branch of the facial nerve 
in the parotid gland was damaged. 

Since the extracranial segment facial nerve 
was located in the subcutaneous superficial 
position and close to the skull base, and there 
were external carotid arteries and veins, and 
lymph vessel running in the parotid gland, more 
magnetic sensitive artifacts and flow artifacts 
may be caused to influence the display of the 
facial nerve. The RESOLVE DTI sequence adopt-
ed for the present study differed from the tradi-
tional DWI single-shot one-time filling of all k 

Figure 4. The bilateral facial nerve group level distribution map is shown 
(threshold value of 6%): left (red) and right (blue); the bilateral main trunks 
of the facial nerve (>50%): left (green) and right (pink). A: Coronary posi-
tion; B: Right sagittal position; C: Left sagittal position; and D: Transverse 
position.

present study, each volunte- 
er’s subcutaneous fat thick-
ness differed, and the position 
of stylomastoid foramen still 
probably had some differenc-
es. Therefore, a bigger the sp- 
herical region of interest of 10 
mm in diameter was adopted 
for the present study [16].

Due to the uncertainty of the 
extracranial segment facial 
nerve, and in combination with 
the anatomy results of previ-
ous studies [9-12], if the volun-
teers in the group had a voxel 
coexistence of more than 6%, 
this would be regarded as fa- 
cial nerve existence, as shown 
in Figure 4 (right: red, left: 
blue), indicating that the facial 
nerve network in the parotid 
gland could be identified. How- 
ever, if the volunteers in the 
group had a voxel coexistence 
of more than 50%, this would 
be regarded as facial nerve 
trunk existence, as shown in 
Figure 4 (right: green, left: pi- 
nk), indicating the fixing of 
facial nerve trunk position. Fur- 
thermore, if the average prob-
ability was exceeded (one half 
of 16.7, i.e. 8.35% was the 
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space data. RESOLVE adopted the multi-shot 
and block-read-out acquisition method, and 
real-time motion correction was used to signifi-
cantly reduce and even eliminate the magnetic 
sensitive artifacts and blurring effect. The 
obtained FA and MD values were stable with 
high repeatability [17-19]. 

In the present study, the RESOLVE data of all 
volunteers was subjected to affine and non-lin-
ear terms. Furthermore, all the RESOLVE data 
was standardized into the same space by virtue 
of the MNI-152-0.5 mm and personal T1WI-0.5 
mm template after norm. In addition, the voxel 
of RESOLVE was reduced to 0.5 mm3. Since the 
volunteers had different subcutaneous fat 
thicknesses, and the anatomical structures of 
the parotid gland, mastoid and belonoid around 

template, such as the MNI template. Hence, 
the extracranial segment facial nerve cannot 
fully realize the point-to-point matching. The- 
refore, it was held that there would be a certain 
error when the extracranial segment facial 
nerve distribution at the group-level was calcu-
lated. In addition, although the RESOLVE se- 
quence can improve the SNR of the DTI image, 
it a had longer scanning time than the tradition-
al single-shot DTI sequence. Furthermore, the 
RESOLVE scanning range in the present study 
contained the cerebellum and temporal bone, 
which contained the facial nerve in the tempo-
ral bone, thereby realizing a better matching by 
virtue of the brain mass and structure image. 
Therefore, although the interlayer voxel of the 
RESOLVE scanning was 1.2 × 1.2 mm in size, 
the interlayer thickness was 3 mm, and the 

Figure 5. The average distribution probability of more than six variations of 
bilateral facial nerves is 16.7%, which exceed the average distribution prob-
ability of 50%. That is, the distribution probability map of 8.35%, which was 
named the maximum probability map of the intraparotid facial nerve: left 
(red) and right (blue). A: Coronary; B: Bight sagittal position; C: Left sagittal 
position; and D: Transverse position.

the extracranial segment faci- 
al nerve had more variatio- 
ns, these were difficult to  
be removed, which is simi- 
lar to the cerebrospinal fluid 
around the spinal cord [20]. In 
the present study, no arbitrary 
volunteer was selected as a 
standard space template, but 
each volunteer’s own DTI data 
and his/her own T1WI map 
after old-norm were matched 
to the same space to avoid 
data distortion after matching 
[21]. The FA value, MD value, 
and number of nerve bundle 
fibers of the bilateral extracra-
nial segment facial nerve in the 
present study had no statisti-
cal differences. 

The limitation of this study was 
that despite the control of the 
BMI index and after the SPM-
old norm, each volunteer’s 
T1WI map was basically in the 
same space (Figure 2). Fur- 
thermore, the volunteers still 
had some differences in sub-
cutaneous fat thickness, pa- 
rotid gland, mastoid and belo-
noid forms, and there was no 
recognized standard template 
that contains the extracranial 
segment facial nerve at pres-
ent, similar to the brain MNI 
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reduction of the interlayer thickness would 
cause a longer RESOLVE scanning time. 

In conclusion, although the facial nerve distri-
bution of the horizontal tracing group level in 
the present study had a certain error, this basi-
cally met the extracranial facial nerve distribu-
tion mode of the anatomical study. Large sam-
ple facial nerve scanning could perhaps reduce 
the error, and allow for more accurate evalua-
tion of the extracranial segment of facial nerve 
distribution. 
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