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Delineation of the intratemporal facial nerve in a cadaveric specimen
on diffusion tensor imaging using a 9.4 T magnetic resonance imaging

scanner: a technical note
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Abstract

The purpose of this study was to determine whether the intratemporal facial nerve could be delineated on 9.4 T magnetic
resonance imaging (MRI) using T2-weighted and diffusion tensor imaging (DTI). DTI using a b value of 3000 and an iso-
tropic resolution of 0.4 mm? on a 9.4 T MRI scanner was performed on a whole-block celloidin-embedded cadaveric temporal
bone specimen of a 1-year-old infant with normal temporal bones. The labyrinthine, tympanic, and mastoid segments of the
facial nerve and the chorda tympani nerve were readily depicted on DTI. Therefore, DTI performed using a high b value on a
high-field strength MRI scanner could help evaluate the intratemporal facial nerve in whole temporal bone ex vivo specimens.
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Abbreviations

DTI  Diffusion tensor imaging
MRI Magnetic resonance imaging
CT  Computed tomography

TR  Repetition time

TE  Echo time

1 Introduction

Ultra-high-field 9.4 T and 11.7 T magnetic resonance imag-
ing (MRI) scanners can provide excellent-resolution images
of ex vivo specimens of the temporal bone [1-3]. The struc-
tures that can be appreciated via ultra-high-resolution MRI
include the osseous spiral lamina, Reissner’s membrane, the
membranous spiral lamina, and the spiral ligament within
the cochlea [1-3]. The acquisition and processing of tem-
poral bone specimens for a histopathological study are a
time-consuming process that takes approximately 1 year, and
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such specimens are a rare commodity. After a standardized
process of decalcification, followed by embedding in cello-
din, these specimens are typically cut in a single plane to be
mounted on slides for a microscopic study. After this process
is performed, some of the 3-dimensional (3D) orientations
can be difficult to appreciate. Furthermore, delicate tissues
are commonly damaged during this process.

Although micro-computed tomography (CT) can provide
excellent anatomical delineation of bony structures in the
temporal bone [4, 5], it does not readily depict the details
of soft-tissue structures, such as the nerves. However, ultra-
high-field MRI could acquire archived images, allowing a
detailed assessment of nerve structures in multiple planes,
which might augment standard histological preparation
schemes. This may be particularly useful in specimens with
rare disease entities or with developmental malformations
in the temporal bone [1-3].

MR diffusion tensor imaging (DTI) is effective in iden-
tifying the position of the facial nerve in patients with cer-
ebellopontine angle (CPA) tumors, which optimizes tumor
excision while preserving neurological integrity [6—10].
However, anatomic delineation of middle ear structures,
including the facial nerve, on MRI in the clinical setting
remains limited [10]. The intricate course of the facial nerve
through the temporal bone is relevant in otologic surgeries,
as it often traverses the surgical field [11]. The goal of this
study was to determine the extent to which the intratemporal
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facial nerve can be delineated on 9.4T MRI using DTI and
the usefulness of this technique in the field of otopathology.

2 Materials and methods

Specimen preparation Whole temporal bone was removed
from a deceased 1-year-old boy. The specimen was formalin-
fixed, decalcified, and celloidin-embedded ex vivo and pre-
served in 80% ethanol [12].

Image acquisition MRI was performed on a Brucker 9.4
Tesla small animal scanner (Billerica, MA, USA) with an
inner diameter of 11.6 cm and actively shielded gradient
coils (maximum constant gradient strength for all axes:
230 mT/m). The specimen was placed within a Bruker
72 mm quad coil. The 3D T2-weighted fast spin-echo
images were acquired using a rapid spin-echo sequence,
with the following parameters: effective repetition time/
echo time (TR/TE)=4000 ms/20 ms; number of ech-
oes =8; number of averages =4; matrix =250 % 250; field
of view =50 mm; and voxel size=0.2x0.2x0.2 mm. DTI
was acquired in 30 directions, with the following param-
eters: matrix = 125 x 125; field of view =50 mm; voxel
size=0.4%0.4x 0.4 mm; TE=19 ms; and b value =3000.
A total of 38 slices were scanned in a total scan time of
approximately 15 h.

Image processing The imaging data were transferred to a
workstation for DTI processing, including tensor estimation,
acquisition of the color direction map, and co-registration
with high-resolution T2-weighted images, using the Brain-
Voyager software, v20.6 (Brain Innovation, Maastricht, The
Netherlands). The fractional anisotropy threshold was set at
0.15. Fiber tracking was not performed.

3 Results

The labyrinthine (Fig. 1), tympanic (Fig. 2), and mastoid
(Fig. 3) segments of the facial nerve and the chorda tym-
pani nerve (Fig. 4) were discernible on the color DTI and
fractional anisotropy maps. The color directions of the facial
nerve segments on the anisotropy maps were consistent with
the orientation of the nerve bundles, changing appropriately
with the curvature of the nerve (Fig. 5). However, no pre-
dominant directionality was evident in the geniculate gan-
glion, likely because of the presence of crisscrossing fibers.
The osseous structures were readily visible with low signal
intensity on the T2-weighted images, despite the decalcifica-
tion of the specimen.

4 Discussion

This preliminary study showed that the intratemporal seg-
ments of the facial nerve could be delineated on DTI per-
formed using 9.4 T MRI in vitro. The acquisition technique
for isotropic resolution was essential to discern the small-
caliber segments of the intratemporal facial nerve, includ-
ing the chorda tympani. In particular, DTI could reliably
depict the directionality of the nerve fibers, indicating that
the nerve fibers remained intact in the specimen preservation
process. Therefore, this approach could provide a complete
multiplanar record for analyzing specimens that are subse-
quently sectioned for histological examination.

Although other MRI sequences, such as the pointwise
encoding time reduction with radial acquisition and ultra-
short echo time sequences, enable the visualization of the

Fig. 1 T2-weighted magnetic resonance imaging (a), color diffusion tensor imaging (b), and fractional anisotropy map (c¢) demonstrate the

length of the labyrinthine segment of the facial nerve (arrow)
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Fig.2 T2-weighted magnetic resonance imaging (a), color diffusion tensor imaging (b), and fractional anisotropy map (c¢) demonstrate the

length of the tympanic segment of the facial nerve (arrow)

Fig.3 T2-weighted magnetic resonance imaging (a), color diffusion tensor imaging (b), and fractional anisotropy map (c¢) demonstrate the

length of the mastoid segment of the facial nerve (arrow)

facial nerve through the temporal bone without using intra-
venous contrast in vivo [13], DTI might offer additional
data on the integrity of the facial nerve. For example, the
degree of anisotropy could be predictive of the functional
status in pathological cases that are planned for treatment.
DTI might also be useful in establishing a more precise dif-
ferential diagnosis, such as elucidating whether temporal
bone tumors are intrinsic or extrinsic to the facial nerve,
assessing post-traumatic lesions, and evaluating inflamma-
tory processes such as Bell’s palsy.

The technique described in this study might not directly
be applicable to clinical scans, perhaps because of decalci-
fication, fluid-filling of air-filled structures, and long scan
times. For example, a high b value was used for DTT in this
study to emphasize on the effect of restricted diffusion and to
augment images using contrast, although a b value of 1000
has been effectively used to depict the facial nerve in the cer-
ebellopontine cistern region for clinical applications [6, 14].
In addition, further investigations may be useful to assess the
potential of DTT of the facial nerve using high-field clinical
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Fig.4 T2-weighted magnetic resonance imaging (a), color diffusion tensor imaging (b), and fractional anisotropy map (c¢) demonstrate a cross

section of the chorda tympani nerve (arrow)

Fig.5 T2-weighted magnetic resonance imaging (a), color diffusion tensor imaging (b), and fractional anisotropy map (c¢) demonstrate the sec-
ond genu of the facial nerve with appropriate color changes from the tympanic segment (arrow) to the proximal mastoid segment (arrowhead)

scanners, such as 7 T MRI scanners, which have successfully
been used to depict the inner ear structures in vivo [15].
With respect to the potential utility in the scheme of
processing and examining temporal bone specimens in an
otopathology lab, this technique might be useful as an addi-
tional means to archive anatomic features in rare specimens.
The middle ear and mastoid air cells of the specimens are
filled with celloidin, and the soft tissues in the specimen
are saturated with 80% ethanol, which mitigates the inho-
mogeneity due to the presence of the air in these cavities.
The main limitation of this study is that it is not directly
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applicable to in vivo measurements, as only cadaveric
temporal bones were evaluated and only the T2-weighted
sequence was used for imaging.

5 Conclusion
DTI performed using a high b value on 9.4 T MRI could

help evaluate the intratemporal facial nerve in whole ex vivo
specimens.
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