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Abstract
Purpose of Review Magnetic resonance neurography (MRN) is being increasingly used as a problem-solving tool for diagnosis
and management of peripheral neuropathies. This review is aimed at summarizing important technological advances, including
MR pulse sequence and surface coil developments, which have facilitated MRN’s use in clinical practice.
Recent Findings The most recent research in MRN focuses on its clinical applications, with concomitant development of three-
dimensional, parallel imaging and vascular suppression techniques that facilitate higher spatial resolution and depiction of small nerve
branches arising from the brachial and lumbosacral plexi as well as fascicular abnormalities of more distal extremity nerves.
Quantitative diffusion tensor imaging (DTI) has been studied as a tool to detect microstructural abnormalities of peripheral nerves
and more precisely define grades of nerve injury but will require additional investigation to determine its role in daily clinical practice.
Summary MRN continues to evolve due to technological improvements and awareness by the medical community of its
capabilities. Additional technological developments related to surface coil designs and vascular suppression techniques will be
needed to move the field forward.
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Introduction

High-resolution peripheral nerve magnetic resonance imaging
(MRI), or MR neurography (MRN), is a continuously evolv-
ing field due to technological progress and increased aware-
ness of MR capabilities both by radiologists and referring
physicians. The term “MR neurography,” akin to MR angiog-
raphy, was first used by Howe et al. in the early 1990s to
describe the application of diffusion-weighted and fat-
suppresed pulse sequences to delineate peripheral nerves from
surrounding tissues [1]. The term now connotes any combi-
nation of qualitative or quantitative techniques, most adapted
from those developed in other imaging subspecialities (neuro,
abdominal, cardiac), to evaluate peripheral nerve pathology.
In this review article, we highlight some important technical

advancements and provide a few suggestions for optimizing
MR neurography, based on our experience.

Hardware Development

Technologic development in MRN has been supported by
widespread access to high-field, 3.0 T magnets and more ef-
ficient, multichannel surface coils placed around a body part
that enable parallel imaging, a technique that exploits redun-
dant coil sensitivities to accelerate imaging. Increased speed
affords the ability to either increase the total imaged volume or
augment through-place (thinner slices) or in-plane (smaller
voxels) spatial resolution within a single acquisition. As most
peripheral nerves in the human body are < 1 cm in diameter
and many < 1 mm, spatial resolution becomes paramount to
detect not only long-segment morphologic and signal intensi-
ty changes of the entire nerve but also more focal, fascicular
changes that can be seen with both inflammatory and traumat-
ic neuropathies [2].

Surface coils can be broadly categorized as “rigid” and
“non-rigid,” or flexible. MRN has benefitted from the design
of more flexible surface coils, including the ability to wrap a
coil on itself without destructive interference (i.e., signal
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dropout). Increased flexibility has enabled placing coils closer
to the skin surface, particularly in anatomical regions that vary
in contour—e.g., the neck, shoulder, and axillary regions for
evaluation of the brachial plexus and its branches and the inner
thigh/gluteal region for evaluation of the sacral plexus and
pudendal nerve. Positioning the coil closer to the skin, and
therefore region of interest, affords higher signal intensity
and potential for improved image quality.

For example, one challenge (among many) in brachial
plexus MRI is acquiring sufficient signal-to-noise ratio
(SNR) in the region of the infra-clavicular plexus and its ter-
minal branches. Traditional coil arrangements include a rigid
neurovascular array (Fig. 1a), which affords adequate SNR to
evaluate the supraclavicular plexus (i.e., roots, trunks) but fails
to provide sufficient SNR to evaluate the infra-clavicular plex-
us and terminal branches. We have instead found the combi-
nation of two flexible coils (Fig. 1b) secured over the
neck/shoulder region to provide adequate SNR in both the
supra- and infra-clavicular regions, although positioning can
be challenging and potential for destructive interference be-
tween overlapping regions of both coils exists. The use of
AIR™ coil technology, which allows for extreme coil flexi-
bility while diminishing the potential for signal interference of
overlapping elements, has enabled creation of a prototype, 64-
channel brachial plexus receive coil, for use with a GE Signa
Premier MRI system (Fig. 2a) [3]. This new brachial plexus
coil provides flexibility to accommodate a wide range of body
habiti, from the 5th percentile female to the 99 percentile male,
and supports up to a three-fold acceleration factor. While still
in development, this prototype coil covers the cervical, shoul-
der, axillary, and arm regions with high fidelity by wrapping
coil elements tightly around these regions. The advantage of
this coil is that it encompasses a large imaging volume, often
required in brachial plexus studies, while still supporting high
spatial resolution (Fig. 2b).

Software Development

Qualitative Imaging By convention, MRN employs heavily
T2-weighted fat-suppressed sequences to depict pathologic
signal changes of the nerve, typically represented by increased
T2 signal intensity that is thought to reflect edema at the site of
injury [4]. The addition of fat suppression to the T2-weighted
sequence facilitates resetting of the dynamic contrast range,
thus increasing conspicuity of both normal and pathologic
nerves as they course through intra- and inter-muscular, and
subcutaneous, fat planes. MRN has benefitted from improve-
ments in Dixon fat water separation techniques, which in the
authors’ experience provide the most reliable combination of
fat suppression and optimal SNR, compared with other tech-
niques such as inversion recovery and conventional chemical
fat suppression, to delineate nerve pathology and denervation
edema patterns of muscle.

Two-dimensional (2D) sequences are relied upon to
obtain high in-plane spatial resolution to detect fascicular
abnormalities that are common in neuralgic amyotrophy
(Parsonage-Turner syndrome) (Fig. 3) [5•]. Development
of three-dimensional (3D) sequences has enabled the abil-
ity to obtain isotropic acquisitions, which can then be
reformatted into arbitrary planes (curved multiplanar
reformats) at the radiologist’s workstation, without distor-
tion, along the longitudinal course of the nerves (Fig. 4)
[6–8]. Longitudinal views are helpful both for the radiol-
ogist to detect subtle morphologic changes and are impor-
tant for convenient demonstration of pathology to refer-
ring physicians, particularly for pre-operative planning.
3D sequences, however, have yet to replace 2D sequences
in MR neurography as they do not afford the same, in-
plane spatial resolution due to time constraints (to main-
tain adequate SNR), despite advanced parallel imaging
techniques to reduce lengthy scan times.

Fig. 1 a Photograph of a
volunteer demonstrating a
traditional brachial plexus coil
setup using a combined
head/neurovascular array. b
Photograph of a volunteer
demonstrating coil setup with two
16 channel flexible coils,
positioned anteriorly and
posteriorly over the chest, neck,
and shoulder regions
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As previously mentioned, brachial plexus MRI is inherently
challenging due to anatomic coverage requirements. However,
it is further complicated by the potential for respiratory-induced
motion artifact. One technique we have successfully adopted
(from abdominal/cardiac MRI) to reduce respiratory motion
artifact and improve image quality is prospective respiratory
gating, with a bellows wrapped around the patient’s torso [9].
The bellows detect end-expiration of the respiratory cycle,

coinciding with relative stasis of the chest wall. However, as
the technique adds additional time and its benefit is limited in
patients with an irregular respiratory rhythm, future techniques
to minimize respiratory motion are needed.

Vascular suppression is also a critical component in brachi-
al plexus MRI to reliably differentiate small-caliber but clini-
cally relevant branch nerves (e.g., suprascapular, long thorac-
ic) from adjacent veins and arteries. Non-contrast vascular

Fig. 3 Twenty-four-year-old man with recurrent bouts of Parsonage-
Turner syndrome (prior right long thoracic neuropathy), now with
pronation weakness of the right hand. a Axial gradient echo fat-
suppressed sequence through the distal right arm demonstrates selective
enlargement and signal hyperintensity of an anteromedially positioned
fascicular bundle (arrow) of the median nerve (oval) (magnified inset,

bottom right). b Curved, longitudinal multiplanar reformatted image
from the same sequence in (a) demonstrates multiple severe intrinsic
constrictions of this same bundle. c Axial T2-weighted fast spin echo
fat-suppressed image of the proximal right forearm demonstrates
denervation edema pattern of the pronator teres (PT) and flexor carpi
radialis (FCR) muscles

Fig. 2 A “bilateral” brachial
plexus prototype coil (General
Electric Healthcare) is wrapped
around a mannequin (a), for
illustration purposes. Coronal
maximum intensity projections
(MIPs) from 3D short tau
inversion recovery (STIR) pulse
sequences obtained with this
prototype coil demonstrate its
ability to obtain imaging of the (b)
bilateral plexi (field of view
(FOV) = 40 cm) as well as the (c)
unilateral right plexus (22-cm
FOV), with adequate spatial
resolution, in the same setting. An
oblique sagittal T2-weighted
Dixon fat suppressed sequence
(d) with a 16-cm FOV, could also
be obtained with clear
demonstration of the
extraforaminal C5-T1 roots
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suppression techniques that have been implemented, however,
are unable to suppress signal from slow-flowing blood in neck
and pelvic veins. The most commonly used vascular suppres-
sion techniques—3D motion-sensitized driven equilibrium
(flow-saturation preparation) and 3D diffusion-weighted re-
versed fast imaging with steady state precession (3D DW-
PSIF) sequences—also suffer from lengthy acquisition time,
motion artifact, and field inhomogeneity susceptibility [10,
11•, 12]. The use of intravenous (IV) gadolinium combined
with a short tau inversion recovery (STIR) pulse in MRN has
been recently shown to effectively provide simultaneous fat

and vascular suppression [13, 14]. In our experience, a 3D
STIR sequence with IV gadolinium is superior to both non-
contrast 3D STIR and MSDE sequences for vascular suppres-
sion in the region of the brachial plexus as well as visualiza-
tion of branch nerves (suprascapular, axillary, long thoracic)
of the plexus (Fig. 4) [15].

Quantitative Imaging One major shortcoming of MRN is
its overall qualitative nature and inability to reliably quan-
tify degree of nerve injury and regeneration, particularly
when the nerve remains in continuity (e.g., stretch or
compression injury). The most common quantitative ap-
proach to evaluate peripheral nerves is diffusion-weighted
imaging (DWI) [16]. The longitudinal fiber orientation of
peripheral nerves makes them uniquely suited for DWI
and in particular diffusion tensor imaging (DTI), which
assesses both the directionality and magnitude of diffu-
sion. In general, when nerves are injured, they lose their
inherent anisotropy (i.e., preferential movement of water
molecules in a particular direction), and this can be
expressed as a scalar measurement, i.e., fractional anisot-
ropy (FA). Peripheral nerves pose unique challenges for
DWI including proclivity to distortion, aliasing, and re-
quirement for high spatial resolution; some of these can
be addressed with techniques developed for the brain but
others will likely require specific development for the pe-
riphery to move DWI from the research to clinical realm
[16]. Diffusion tractography, extrapolated from diffusion
data, is an imaging tool that can depict the precise, 3D
spatial relationship of extrinsic and intrinsic masses, most
commonly peripheral nerve sheath tumors, and adjacent
nerves [8]. DTI-based tractography is the most widely
used tractography method and has shown promise in
pre-operative planning for tumor excision (Fig. 5) [17].

MRN complements electrodiagnostic testing in the work-
up of peripheral neuropathies. In particular, MRN provides
important information regarding the presence of muscle

Fig. 4 Curved multiplanar reformatted image of the right brachial plexus
from a 3D short tau inversion recovery (STIR) pulse sequence following
intravenous gadolinium demonstrates clear depiction of the supra- and
infra-clavicular portions of the plexus, with complete vascular
suppression. Also note a beaded appearance, indicating severe intrinsic
constrictions, of the suprascapular nerve (bracket) in this patient with
Parsonage-Turner syndrome. Note glenohumeral joint fluid (GH) for
reference

Fig. 5 Sagittal Dixon fat suppression (a) image of the left forearm
demonstrates a peripheral nerve sheath tumor arising from the median
nerve. Tractography images, acquired from a diffusion tensor imaging
sequence, are fused to the sagittal (b) and (c) axial (PD) images and

demonstrate the relationship of nerve fibers relative to the mass, which
may be useful for pre-surgical planning. (This figure appeared in the
Spring 2018, ISMRM Edition (Volume 23) of SIGNA Pulse of MR,
republished with permission from GE Healthcare)
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denervation, typically manifested as increased T2-weighted
signal intensity (thought to reflect increased blood volume
and extracellular fluid) in the acute/subacute stage and fatty
infiltration in the chronic stage. Quantitative T2mapping tech-
nique techniques are able to generate T2 relaxation values that
reflect tissue biostructure and free water content and in a pre-
liminary study have correlated with electromyography grades
of denervation [18]. Quantitative Dixon fat/water separation
techniques, in addition to T2 mapping, have shown a correla-
tion between muscle fat quantification and disease progres-
sion and functional status [19–21].We anticipate that fat quan-
tification techniques can be applied as well in MRN to deter-
mine the extent of denervation.

Present and Future MRN Optimization

Maximizing diagnostic yield of MRN exams requires
not only employing the most advanced technology but
also careful planning, monitoring, and interpretation by
radiologists with specific expertise in the field. At our
institution, all MRN exams are protocoled in advanced
by a radiologist after reviewing clinical notes,
electrodiagnostic exams, and relevant prior imaging.
Exams are acquired by technologists with experience
in performing MRN and monitored by radiologists.
Real-time monitoring allows the radiologist, as neces-
sary, to both alter the focus of the exam and obtain
non-traditional acquisition planes that target particular
nerves. For example, if the stated clinical concern is
scapular winging of unclear etiology, the trapezius and
serratus anterior can first be evaluated for signs of mus-
cle denervation. The radiologist can then tailor the MRI,
which may involve a completely different surface coil
setup, to evaluate either the spinal accessory nerve
(neck to upper shoulder) or long thoracic nerve (lower
neck to chest wall) depending on which muscle is
involved.

Conclusions

Our everyday experience, supported by others’, is that
MRN strongly influences diagnosis and management of
peripheral neuropathies, and we expect its role to expand
with improvements in high-field MRI (≥ 7 T) and in-
creased awareness by the scientific community of its ca-
pability [22, 23, 24•]. Artificial intelligence will likely
abet MRN’s development by improving image quality,
via denoising and artifact correction algorithms, and sup-
port quantitative techniques, via automated peripheral
nerve segmentation, that shed light on peripheral nerve
and muscle physiology [25, 26].
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