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Introduction
Patients suffering from brachial plexus injury will
usually have significant functional impairment of the
affected upper limb. This not only leads to a loss of
work hours, but also a lot of emotional and financial
stress on the patient and the family. Appropriate use
of indicated imaging modalities at the right time enables
proper and accurate assessment of the site and extent
of injury and facilitates management and
prognostication by the treating surgeon, who can then
plan his surgical approach accordingly. This article
helps the reader to understand the role of different
imaging modalities such as Plain Radiographs,
Ultrasound (US), Computed Tomography (CT)
Myelography, Magnetic Resonance Imaging (MRI)
and Magnetic resonance Neurography (MRN) in
evaluating patients with brachial plexus injuries.
Radiographs
After a thorough clinical evaluation, plain radiographs
are often the first line of imaging investigations to be
ordered in the presence of an injury in the region of
the neck and shoulder. While they have limited
usefulness in demonstrating soft tissue injuries, they
do give an important indirect evidence of the severity,
level and extent of the injury sustained by the
surrounding soft tissues. X-Rays of the cervical spine,
including antero-posterior (AP) and lateral views, can
reveal any fractures of the cervical vertebrae which
may be associated with a spinal cord injury. Also,
fractures of the transverse processes of the cervical
vertebrae may have an associated root injury of the
corresponding spinal nerve. AP and axial X-rays of
the shoulder can detect fractures of the humerus and
scapula, thus providing a clue to the damage sustained
by the adjoining portions of the brachial plexus
(Figs.1 and 2).

Fig.1 Radiograph of the right shoulder joint in a patient
with brachial plexus injury showing clavicular fracture in
lateral-third.

Fig.2 Radiograph of the right shoulder joint showing
acromial fracture with adjacent soft tissue swelling in a
patient with brachial plexus injury.
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A plain X-ray of the chest can detect fractures of

the clavicle and the ribs. The first and the second rib
are well protected by the overlying clavicle and their
fracture usually indicates that a severe trauma has
been sustained in this region. Displaced clavicular
fractures or fractures of first and second ribs can
therefore injure the adjacent divisions or cords of the
brachial plexus. Sometimes the chest radiograph may
also show rib fractures other than the first and the
second ribs. Fractures of the third, fourth and fifth
ribs will usually preclude the use of the accompanying
intercostal nerves as a donor nerve during nerve
transfer surgery later on, due to their possible
transection due to the rib fracture. Elevation of the
ipsilateral hemi-diaphragm indicates damage to the
phrenic nerve, thus pointing to an injury to the roots or
the spinal nerves1.
Ultrasound (US)
US is an easily available, cost-effective, non-invasive
imaging modality which does not entail exposure to
ionizing radiation. It has a wide range of
musculoskeletal applications, although it is not
commonly used to image the injured brachial plexus.
It can be used in patients with brachial plexus injury to
see for evidence of post-ganglionic lesions. It does
require a well trained sonologist with a sound
knowledge of brachial plexus anatomy to carry out
this procedure.

A linear array transducer with probe frequency of
10-18MHz is needed for the scan2. The average time
taken for the scan ranges from 30-40 minutes in trained
hands.

In cases of trauma, the US can help demonstrate
large pseudomeningocoeles, which have a significant
extension beyond the neural foramina, and empty
neural foramina in case of root avulsions. Thickening
of the nerves as compared to the uninjured side due
to edema can also be demonstrated (Fig.3). Nerve
disruption is seen as a gap in the plexus components
with a wavy contour distally. Scarring in the plexus
appears as soft tissue thickening of variable
echogenicity which appears to be blending with the
nerves and the nerves may not be visualised
separately (Fig.4). Neuromas are visualized as
fusiform mass lesions of the plexus components, and
can be end neuromas or neuromas-in-continuity. A
haematoma is usually seen as a collection adjacent
to the plexus2,3,4,5.

Fig. 3 High resolution US image in a patient with right
brachial plexus injury showing thickened hypoechoic trunks
in the supra-clavicular fossa.

Fig. 4 High resolution US showing enlarged scarred upper
trunk in a patient with right brachial plexus injury.

The advantage of US is that it can be performed
even in those patients in whom MRI is contra-indicated
or those who have severe claustrophobia. The
evaluation can also be done by the bedside if the patient
is critically injured and cannot be brought to the MR
scan room and findings can easily be compared with
those of the normal side.  Limitations include its inability
to visualize the entire plexus, especially the
preganglionic part due to the overlying bones. It is
difficult to assess the C8 and T1 nerve roots as well
as lower trunk by US as these nerves are inferiorly
and deeply placed. Operator dependence is an
important drawback and without proper training and
experience, the study will not be able to give any useful
information to the referring surgeon2,3,4.

US , by itself, may not be enough to completely
evaluate the injured brachial plexus but with its
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advantages, it can be considered complementary to
MRI.
CT Myelography
Myelography combined with a CT examination is
called CT Myelography. It involves injection of an
intra-thecal contrast agent after lumbar puncture
followed by a CT scan. The images thus obtained
enable visualization of the cord surrounded by contrast
and the ventral and dorsal nerve roots coursing through
it can be seen separately (Fig.5). The timing of the
study is important. It is recommended that the study
be done at least a month after the injury to allow for
resolution of any haematoma at the site of root avulsion
and formation of a pseudomeningocoele. This would
prevent displacement of contrast by the haematoma1.

Fig. 5 CT Myelogram image showing the spinal cord with
intact ventral and dorsal roots on both sides at C5 level.

The advantages of CT myelography are that it
allows optimal assessment of the pre-ganglionic plexus
with separate visualization of ventral and dorsal roots
and delineation of root avulsions, especially partial
avulsions and pseudomeningocoeles6,7. It has a
sensitivity and diagnostic accuracy ranging from 85-
100% in the detection of root avulsions8,9,10,11,12.  With
older CT scanners, it was difficult to assess C8 and
T1 roots due to artefacts from the shoulder but with
modern multidetector CT scanners, these disadvantages
have been overcome.

The drawback of CT Myelography is that it is an
invasive procedure with associated complications such
as headache, infection and seizure13. Moreover, it
exposes patients, most of whom are young to ionizing
radiation.  Sometimes, tortuous vessels and scar tissue

may look like nerve roots and avulsion may be missed14.
Cord displacement due to a pseudomeningocoele can
be well visualised but changes in the cord such as
edema or contusion may be missed due to poor soft
tissue contrast of CT. This is also the reason why CT
is not able to optimally assess injury to the post-
ganglionic plexus15. Hence, nowadays, CT
Myelography is only done in those patients in whom
an MRI and MRN study cannot be safely performed16
(Table1).
Table 1: Advantages and Limitations of CT Myelography

Magnetic Resonance Imaging (MRI) and
Magnetic Resonance Neurography (MRN)
In the year 1993, Filler and colleagues reported the
first neurogram of a human nerve in situ. This was
made possible by suppressing the signal from other
structures so that the nerve appeared bright and stood
out prominently against the dark background17. This
technique is now utilised to visualize the peripheral
nerves including the brachial and lumbosacral plexuses.
It has many applications including imaging of nerves
in trauma, entrapment neuropathies, neoplastic
processes and inflammatory conditions which affect
the peripheral nerve. Today MRI with MRN has
emerged as the imaging modality of choice in
evaluating patients with brachial plexus injuries, both
in adults and children18,19,20,21,22,23.

Advantages of CT Myelography
1. Less time taking
2. Lesser cost as compared to MRN and wider availability
3. Good visualization of preganglionic plexus
4. Ventral and dorsal roots can be seen separately
5. Can detect partial or complete root avulsions and

traumatic pseudomeningocoeles
6. High sensitivity and accuracy of >90% for root injuries
Limitations of CT Myelography
1. Invasive procedure with associated complications
2. Exposes patients to ionizing radiation
3. Poor soft tissue contrast
4. Not good for evaluating post-ganglionic plexus
5. Intrinsic cord abnormality can be missed
6. Cannot differentiate between preganglionic and

postganglionic injury
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The MRN protocol includes a combination of two-

dimensional (2D) and three-dimensional (3D)
sequences. The T1-weighted (T1W) sequence is
acquired in the axial and coronal planes. It enables
assessment of the anatomy of the brachial plexus as
well as its relationship to adjacent structures. T2-
weighted (T2W) fat-saturated (FS) sequence is
obtained in the axial plane. It allows us to assess the
location and extent of the pathology. Short Tau
Inversion Recovery (STIR) sequence is acquired in
the sagittal plane. It helps us to see the plexus
components in cross-section. 3D STIR SPACE
(Sampling Perfection with Application Optimized
Contrasts) sequence is obtained in the coronal plane.
In this sequence, the plexus can be traced up to the
terminal branches. It enables comparison with the
opposite side. 3D T2 SPACE sequence is acquired in
the sagittal plane focusing on the cervical spine. It can
be used to assess intra-dural roots and myelogram-
like images can be generated which are used to detect
pseudomeningocoeles15,24.

After trauma to the brachial plexus, patients are
scanned after about 6 weeks so that edema and
haemorrhage do not obscure relevant imaging
findings15.

On MRN study, imaging of the spinal nerves can
reveal evidence of either pre-ganglionic injury or post-
ganglionic injury or both. Edema or haemorrhage can
often be found in the spinal cord in acute cases or
myelomamlaciain case of a chronic injury. Edema
appears hyperintense in T2W images while
haemorrhage appears hypointense6. Failure to visualise
the spinal nerves can be due to root avulsion from the
spinal cord and there may be an associated
pseudomeningocoele at the same level due to dural
sheath laceration of the affected spinal nerve. The
latter appears as a fluid collection which shows similar
signal intensity to CSF and extends from the spinal
canal into the neural foramina (Figs.6 and 7).

Pseudomeningoceles are an indirect evidence of
root injury and have, conventionally, often been
understood to be indicative of a root avulsion. This,
however, may not always be true. Sometimes, the roots
may not be avulsed and yet a pseudomeningocoele
may be visualised on MRN due to root sheath laceration
and vice versa. MR imaging has a sensitivity and
diagnostic accuracy of >85% for root injuries9,10,12,25.
There may or may not be signal intensity changes in
paraspinal muscles due to denervation as muscles have
a multi-segmental nerve supply26.

Fig. 6 MRN image in a patient with brachial plexus injury
showing extra-dural fluid collections extending from the
spinal canal into the right neural foramina at C8 and D1
levels, suggestive of pseudomeningocoeles.

Fig.7 MR Myelogram image showing the
pseudomeningocoeles at right C8 and D1 levels.

If the injury is post-ganglionic and mild, there may
only be slight nerve enlargement with T2 hyperintense
signal. With more severe injury, there may be rupture
with evidence of nerve discontinuity, collection at the
site of rupture and distal retraction. Subsequently
fibrosis may ensue. This will lead to clumping of nerves
with deformed contour and interspersed hypointense
signal in T2W images (Figs. 8 and 9).
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Fig. 8 Coronal 3D STIR SPACE image in a patient with right
brachial plexus injury showing edema in the spinal nerves,
trunks and cords with interspersed foci of low signal
intensity due to fibrosis. The visualized plexus on the left
side appears normal.

Fig. 9  Coronal 3D STIR SPACE image in a patient with right
brachial plexus injury shows clumped and thickened trunks
and cords with heterogeneous signal intensity due to
scarring.

Both end-neuromas and neuromas-in-continuity can
be seen. These appear as small nodular mass lesions
either at nerve endings or along their course (Fig.10).
Sometimes, the plexus can be compressed by displaced
clavicular fractures and callus or haematoma

associated with clavicular fracture (Fig.11). All these
findings can be easily and accurately delineated in
multiple planes used for the MRN study.

Fig. 10  Coronal 3D STIR SPACE image in a patient with left
brachial plexus injury shows small nodular hyperintense
mass lesions along the left C6 spinal nerve which are
suggestive of neuromas.

Fig. 11 Coronal 3D STIR SPACE image in a patient with left
brachial plexus injury showing left clavicular fracture with
an adjacent collection. The clavicular fragments are not
causing extrinsic compression over the adjacent plexus.

The advantages of MRN are that it is non-invasive,
multi-planar and does not expose patients to ionizing
radiation as compared to CT Myelography. It has
excellent soft tissue contrast and can beautifully assess
the entire plexus, from the origin of the rootlets from
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the spinal cord till the named terminal branches. Hence,
it facilitates evaluation of both pre- and post-ganglionic
injuries. This has an important bearing on patient
management, surgical planning and prognostication27,28.

The limitations of MRN  are that it cannot be done
in patients in whom MRI is contra-indicated such as
those with pacemakers, cochlear implants etc. Young
patients and those who are claustrophobic may need
sedation. The MRN study has a time-taking protocol
and usually takes about 30-40minutes to image one
patient. Due to this, motion artefacts may impair image
quality if patients are uncooperative. MRI is more
expensive and less widely available as compared to
US or CT (Table2).
Table 2: Advantages and Limitations of MR neurography
Advantages of MR Neurography
1. Multiplanar
2. Non-invasive
3. No radiation exposure
4. Excellent soft tissue contrast
5. Good visualization of both preganglionic and

postganglionic plexus
6. Can detect cord lesions such as edema or haematoma
7. Can detect partial or complete root avulsions,

pseudomeningocoeles, nerve edema, fibrosis/ scarring,
disruption and neuromas

8. High sensitivity and accuracy of >90% for root injuries
9. Can differentiate between preganglionic and

postganglionic injury
Limitations of  MR Neurography
1. Cannot be done if MRI is contra-indicated such as in

those patients with pacemakers or cochlear implants
2. Cannot be done if patient is claustrophobic
3. Time-consuming, so motion artifactsartefacts are a

problem
4. Costlier with lesser availability as compared to CT

A Diffusion-weighted (DW) sequence can be added
to the MRN protocol. It helps to visualize the long
course of the nerves of the plexus and can easily
localize the site of injury in traumatic plexopathy.
However, its limitations are that it cannot assess the
preganglionic plexus and cervical nerves above C5 due
to their small calibre and cerebrospinal fluid flow

artifacts29. Recent development includes Diffusion
Tensor Imaging (DTI) which can enable generation
of tracts of nerve fibres.  This technique is based on
the fact that there is anisotropic diffusion of water
molecules in nerve tracts in white matter27,30,31,32.
However, DTI is time consuming as yet and not
commonly in use in routine clinical practice.
Conclusion
In patients with traumatic brachial plexopathy, after
the initial radiographs have been acquired, MRN is
the next study which needs to be done after a gap of
about 6 weeks. In case the MRN study is not possible,
other options include high resolution US or CT
Myelography. Either of these can be done depending
upon the clinical situation and the assessment of the
brachial plexus surgeon.
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