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Magnetic resonance imaging (MRI) of the brachial plexus is the imaging modality of first choice for depict-
ing anatomy and pathology of the brachial plexus. The anatomy of the roots, trunks, divisions and cords is
very well depicted due to the inherent contrast differences between the nerves and the surrounding fat.
In this pictorial review the technique and the anatomy will be discussed. The following pathology will
be addressed: neurogenic tumors of the brachial plexus and sympathetic chain, superior sulcus tumors,
other tumors in the vicinity of the brachial plexus, the differentiation between radiation and metastatic
plexopathy, trauma, neurogenic thoracic outlet syndrome and immune-mediated neuropathies.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Magnetic resonance imaging (MRI) is the imaging modality of
first choice for depicting the anatomy and pathology of the brachial
plexus [1-5]. MRI can very well demonstrate the anatomy due to
its inherent contrast differences between the nerves with low sig-
nal intensity and the surrounding hyperintense fat on T1-weighted
images. In this review we will discuss the normal anatomy as shown
with MRI, neurogenic tumors of the brachial plexus and of the
neighboring nerves, superior sulcus tumors, other tumors in the
vicinity of the brachial plexus, metastatic versus radiation plex-
opathy, traumatic nerve root avulsion, neurogenic thoracic outlet
syndrome and the immune-mediated neuropathies multifocal
motor neuropathy (MMN), chronic inflammatory demyelinating
polyneuropathy (CIDP) and multifocal inflammatory demyelinat-
ing neuropathy (MIDN).

2. MR technique

Our standard protocol includes sagittal T1- and T2-weighted
images of the symptomatic side, coronal T1-weighted images and
coronal T2-weighted images with fat suppression (T2-STIR) with
thin (3 mm.) slices of both sides. Axial T1-weighted images are
added in cases of superior sulcus tumors in order to evaluate
the extension of the tumor towards the intervertebral foramen
or vertebral body. Although oblique imaging is used [6], we pre-
fer imaging along the straight sagittal, coronal and axial planes,
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as the anatomical relationships in these planes are very well
known and the images can be read without specifically looking
at the scanograms with scan directions. Intravenous gadolinium
is administered in cases of tumor or trauma. MR-myelography is
indicated to look for traumatic nerve root avulsions and pseu-
domeningoceles.

3. Anatomy

The brachial plexus originates from the cervical spinal nerves
C5-C8 and the first thoracic spinal nerve T1. The spinal nerves split
into ventral and dorsal rami just distally of the dorsal root gan-
glion. The dorsal rami innervate the paraspinal muscles. The five
ventral rami C5, C6, C7, C8 and T1 form the brachial plexus. The
ventral rami C5 and C6 join to form the upper trunk, C7 continues
as the middle trunk, and the inferior trunk is formed by C8 and
T1. All three trunks divide into an anterior and posterior division.
The six divisions intermingle and form the three cords: the lat-
eral, posterior and medial cord. The anterior divisions of the upper
and middle trunks form the lateral cord, the anterior division of
the lower trunk continues as the middle cord, and the posterior
divisions of all trunks unite to form the posterior cord. At the lat-
eral border of the pectoralis minor muscle the cords divide into the
five peripheral nerves which innervate the shoulder and arm: the
median, ulnar, radial, axillary and musculocutaneous nerves.

With MRI some anatomical landmarks can be used to easily
identify the brachial plexus. On the sagittal images (Fig. 1) the prox-
imal part of the first rib is used to identify the C8 and T1 nerve roots,
with C8 above and T1 below the first rib (Fig. 1a). The nerve roots
and the subclavian artery enter the interscalene triangle, which is
formed by the anterior scalene and middle scalene muscles (Fig. 1b).
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Fig. 1. Normal sagittal anatomy. (a) roots C5-T1 just lateral to the intervertebral foramina, T1 is located below and C8 above the first rib (R1). (b) Subclavian artery (SA) and
the roots C7, C8 and T1 are seen within the interscalene triangle between the anterior scalene muscle (ASM) and middle scalene muscle (MSM). The subclavian vein (SV)
is positioned between the anterior scalene muscle and the clavicle (¢). (c) Just lateral to the interscalene triangle the three trunks are formed, the superior (ST), the middle
(MT) and inferior trunk (IT). (d) The divisions (D) are formed at the level where the brachial plexus crosses the clavicle. (e) Around the axillary artery (AA) the three cords are
located, the lateral (LC) most anterior, the posterior (PC) most superior and the medial (MC) most posterior. AV, axillary vein.
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Fig. 2. Normal coronal anatomy. (a) Most posterior image with the horizontal course of the T1 nerve root (long arrow), very close to the lung apex. Short arrow points to
the stellate ganglion. (b) Image just anterior to (a) with the C8 nerve roots (arrows). (c) T2-STIR image at the same level as (b) shows the slightly increased signal intensity
of the normal C8 nerve roots (arrows). (d) Arrow points to the C7 nerve root. MSM, middle scalene muscle. (e) The cords (white arrow) are seen as linear structures above
the axillary artery (AA). The dorsal scapular artery (DSA) courses between the trunks of the brachial plexus, black arrow points to the superior trunk. ASM, anterior scalene
muscle.
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Fig. 3. Schwannoma of the superior trunk. (a) Sagittal T1-weighted image, arrow points to the tumor which is located in the superior trunk just lateral to the interscalene
triangle and above the subclavian artery (SA). MSM, middle scalene muscle. (b) Coronal T1-weighted image with intravenous gadolinium shows the enhancing tumor (arrow).

Fig. 4. Large schwannoma originating from the root C8. (a) Sagittal T1-weighted image shows the tumor in the superior sulcus and interscalene triangle. The subclavian
artery (SA) and anterior scalene muscle (ASM) are displaced anteriorly. (b and c¢) Coronal T2-weighted image (b) and axial T1-weighted image (c) show the extension of the
tumor into the intervertebral foramen C7-T1 (arrows).
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Fig.5. Ganglioneuroma ofthe sympathetic chain. (a) sagittal T1-weighted image with intravenous gadolinium demonstrates an inhomogeneously enhancing tumor extending
into the superior sulcus and interscalene triangle. The tumor encases root T1, and abuts root C8 and the subclavian artery (SA). ASM, anterior scalene muscle; MSM, middle
scalene muscle. (b and c) Coronal (b) and axial (c) T1-weighted image with intravenous gadolinium show the extension of the tumor through the intervertebral foramen

(long arrow) into the spinal canal. The spinal cord (short arrow) is shifted to the right.

Just lateral of the interscalene triangle the three trunks are formed
(Fig. 1c). The divisions are located at the level where the brachial
plexus crosses the clavicle (Fig. 1d). The cords are positioned above
and around the axillary artery and they are named after their posi-
tionrelative to the axillary artery. On sagittal MRl images the lateral
cord is located most anterior, the posterior cord most superior and
the medial cord most posterior (Fig. 1e). On the coronal images
(Fig. 2) the T1 nerve root can always be easily identified as a hor-
izontal linear structure surrounded by fat close to the lung apex
(Fig. 2a). At this level the stellate ganglion can also be identified
(Fig. 2a) [7]. The C8 nerve root is also usually surrounded by fat
and easily seen (Fig. 2b). On the T2-STIR images the nerves have
a slightly increased signal intensity compared to the surrounding
tissues (Fig. 2c) [5]. The roots C5-C7 are surrounded by less fat
and have contact with the scalene muscles (Fig. 2d). To identify the
trunks on the coronal images the dorsal scapular artery, a branch of
the subclavian artery supplying the rhomboid muscles, can be used
as alandmark (Fig. 2e). This small artery runs between the superior

and middle, or middle and inferior trunk [8,9]. The subclavian and
axillary artery (the subclavian artery becomes the axillary artery
lateral to the lateral border of the first rib) are used as landmarks
on the coronal images for the divisions and cords of the brachial
plexus, as they are positioned above and around the artery.

4. Neurogenic tumors

There are four types of neurogenic tumors of the brachial
plexus: schwannoma, neurofibroma, plexiform neurofibroma and
malignant peripheral nerve sheath tumor (MPNST). Plexiform neu-
rofibroma and one third of the neurofibromas are associated with
neurofibromatosis type I. In patients with neurofibromatosis type
I tumors are often multiple. Schwannomas have a capsule and
are eccentric nerve sheath tumors. They displace the nerve fas-
cicles and can be resected without damaging the nerve [10,11].
Neurofibromas do not have a capsule and invade the nerve fas-
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Fig. 6. Inoperable superior sulcus tumor. (a and b) Sagittal T1-weighted image without (a) and with (b) intravenous gadolinium show the extension of the non-small cell
lung tumor into the interscalene triangle. With intravenous gadolinium the non-enhancing nerve roots can be discerned from the enhancing tumor, there is tumor upto
the C5 nerve root. The subclavian artery (SA) is encased, the tumor surrounds the anterior scalene muscle (ASM), and there is involvement of the first rib (R1). (c) Coronal

T1-weighted image demonstrates the involvement of the C5 nerve root.

cicles. Surgery without damaging the nerve is more difficult.
On imaging neurogenic tumors characteristically have an ovoid
form, and the nerve can often be seen entering and leaving the
tumor (Fig. 3). In schwannomas the nerve enters or leaves the
related tumor eccentrically, while in neurofibromas the nerve
passes through the center of the tumor [12]. These tumors have
signal intensity similar to muscle on T1-weighted images and
markedly increased signal intensity on T2-weighted images. They
enhance with intravenous gadolinium. Cystic parts may be present
in schwannomas. Neurogenic tumors may present as an apical lung
tumor (Fig. 4) [3]. MPNST’s cannot reliably be differentiated by
imaging alone, although there are some features which may suggest
malignancy, such as poorly defined margins and bone destruction
[12].

Neurogenic tumors of nerves in the vicinity of the brachial
plexus include those of the vagal nerve, phrenic nerve and sym-
pathetic trunk. The course of those tumors is in a more vertical
direction [12]. Tumors of the sympathetic chain can also have

a ganglion cell origin: neuroblastoma, ganglioneuroblastoma and
ganglioneuroma (Fig. 5).

5. Superior sulcus tumors

Superior sulcus tumors are non-small cell lung carcinomas that
arise from the lung apex and invade the thoracic inlet [13]. The
term superior sulcus has been described by Pancoast [14] and he
presumably meant the groove of the subclavian artery in the pleu-
ral cuff [15]. Pancoast suggested that the origin of the tumor is an
embryonic rest of the fifth pharyngeal pouch in the superior pul-
monary sulcus, however in 1932 Tobias, an Argentine physician
described the true nature of these tumors: the lung [16]. Classically
patients present with Pancoast’s syndrome which includes pain in
the shoulder and arm, weakness and atrophy of the muscles of the
hand, and Horner’s syndrome. Tumor infiltration of the stellate gan-
glion causes Horner’s syndrome, which is characterized by miosis,
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Fig. 7. Operable superior sulcus tumor. (a) Sagittal T1-weighted image with intra-
venous gadolinium pre chemo- and radiation therapy shows the invasion of the
non-small cell lung carcinoma into the interscalene triangle between the anterior
(ASM) and middle scalene (MSM) muscle. The tumor abuts the roots C8 and T1, and
the subclavian artery (SA). (b) Sagittal T1-weighted image with intravenous gadolin-
ium post chemo- and radiation therapy demonstrates the shrinkage of the tumor,
especially of the enhancing rim. However the invasion into the interscalene triangle
has not changed much, the tumor abuts the roots C8 and T1, and the subclavian
artery. At curative surgery only scar tissue was found in the interscalene triangle, so
that the roots of C8 and T1 could be spared.

ptosis and anhidrosis. MRI is very useful to examine local tumor
extension towards the brachial plexus, vertebral bodies, interver-
tebral foramina and the subclavian vessels. Contra-indications for
surgery include brachial plexus involvement above C8 (Fig. 6 ), ver-
tebral body invasion of more than 50% and extensive mediastinal
involvement with invasion of esophagus or trachea [17,18]. At our
institution the standard therapy is pre-operative chemoradiation
therapy after which a new MRI is performed. In our experience
the remaining enhancing tissue is sometimes only reactive fibrous
tissue secondary to chemoradiation therapy without viable tumor
cells (Fig. 7). In those cases it is possible to release nerves that are
located at the border of these tissues. Peroperative biopsies should
be obtained in order to determine whether sacrificing parts of the
brachial plexus is necessary [19].

Fig. 8. Nocardiainfection in the superior sulcus. a and b: sagittal T1-weighted image
without (a) and with (b) intravenous gadolinium show an enhancing mass in the
superior sulcus with interscalene triangle invasion (arrow in a). The mass surrounds
the C8 and T1 nerve roots. There is involvement of the enhancing second rib (R2).
Surgical biopsy revealed that this mass, which mimics a super sulcus lung tumor,
was a nocardia infection. SA, subclavian artery; ASM, anterior scalene muscle; MSM,
middle scalene muscle.

Infection may radiographically mimic a malignant superior sul-
cus tumor. Especially Nocardia is known to invade the thoracic wall
(Fig. 8) [20].

6. Other tumors in the vicinity of the brachial plexus

In this category metastatic disease is the most common cause,
especially metastases from lung and breast carcinoma. MRI can
very well depict the relationship of these tumors with the brachial
plexus (Fig. 9).

Other tumors include benign and malignant soft tissue tumors,
bone tumors and metastatic disease [4]. The most common
benign soft tissue tumors that may involve the brachial plexus
are lipoma (Fig. 10) and aggressive fibromatosis. Although his-
tologically benign, aggressive fibromatosis is difficult to resect
completely and has a tendency to recur [21,22]. Malignant soft tis-
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Fig.9. Metastasis of breast carcinoma in the interscalene triangle with involvement
of the brachial plexus. (a and b) Sagittal T1-weighted image without (a) and with (b)
intravenous gadolinium demonstrate the obliterated fat in the interscalene triangle
(arrow in a). Only after contrast administration the involved nerve roots C6, C7, C8,
T1 and the subclavian artery (SA) can be discerned.

Fig. 10. Sagittal T1-weighted image of a lipoma with mass effect on the brachial
plexus (arrows). AA, axillary artery.

(@)

Fig. 11. Synovial cell sarcoma. (a) sagittal T2-weighted image shows the hyperin-
tense mass with encasement of the subclavian artery (SA). MSM, middle scalene
muscle. (b) Coronal T2-weighted image demonstrates the encasement of the upper
brachial plexus (arrow) and the medial displacement of the anterior scalene muscle
(ASM).

sue tumors include various types of sarcomas, such as liposarcoma,
leiomyosarcoma, malignant fibrous histiocytoma and synovial cell
sarcoma (Fig. 11).

All kind of bone tumors of the first rib, clavicle, scapula and ver-
tebral bodies may involve the brachial plexus. In this group bone
metastases are the most common cause; other rare causes include
plasmocytoma, chondrosarcoma and osteochondroma.

7. Metastatic versus radiation plexopathy

The most common source of metastatic disease that can cause
brachial plexopathy is breast carcinoma. Other metastases include
those from lung carcinoma and head and neck cancer. Especially in
patients with a history of breast cancer and who have been treated
with radiation therapy the clinical distinction between neoplas-
tic brachial plexopathy and radiation plexopathy may be difficult.
Some signs and symptoms may be useful. Horner’s syndrome, lower
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Fig. 12. Metastatic plexopathy of breast carcinoma. (a) Sagittal T1-weighted image
shows a mass at the level of the divisions of the brachial plexus (long arrow). Note
the normal neighboring nerves of the brachial plexus (short arrows). SA, subcla-
vian artery; SV, subclavian vein. (b) Coronal T1-weighted image with intravenous
gadolinium demonstrates the enhancement of the metastasis (arrow).

(C7, C8 and T1) brachial plexus involvement, severe pain, hand
weakness and a latency period of more than 1 year suggest tumor
infiltration. Upper (C5 and C6) brachial plexus involvement, no
pain, lymphedema and a latency period of less than 1 year are
consistent with radiation-induced brachial plexopathy [23]. MRI
is very helpful in making this differentiation. Radiation fibrosis is
usually low on T1- and T2-weighted images and does not enhance
after the administration of intravenous gadolinium. However fibro-
sis can have high signal intensity on T2-weighted images and may
enhance [24]. Tumor characteristically is low on T1- and high on T2-
weighted images and enhances with contrast. However, the signal
intensity characteristics of tumor can be variable [25]. The most
useful sign of tumor on MRI is the presence of a focal mass (Fig. 12)
[25]. Radiation fibrosis usually causes an architectural distortion
and a more diffuse thickening of the brachial plexus without a focal
mass (Fig. 13).

(@)

Fig. 13. Radiation plexopathy of breast carcinoma. (a) Sagittal T1-weighted image
shows diffuse thickening of the cords (arrows), which cannot be discerned sepa-
rately. AA, axillary artery. (b) Coronal T1-weighted image shows diffuse thickening
of the brachial plexus (arrows) compared to the normal left side.

8. Traumatic nerve root avulsion

Traumatic brachial plexus lesions in adults are often caused by
high-energy accidents, such as motorcycle accidents. It is important
to differentiate between pre- and postganglionic injuries, which
is clinically difficult. This is crucial for surgical management and
prognosis. The prognosis is better in postganglionic injuries, where
surgical repair in the form of nerve grafting is possible. In pregan-
glionic injuries, usually nerve root avulsions, direct surgical repair
cannot be done. Function can only be restored by neurotization
techniques, in which a nerve is moved to another end organ, or
musculotendinous transpositions.

MRI of postganglionic injuries can show thickened nerves with
a low signal intensity on T1-weighted images and an increased
signal intensity on T2-weighted images. Nerve contiguity can
be seen, or there can be discontinuity with distal nerve con-
traction [6]. Direct brachial plexus compression by a hematoma,
fracture fragment or callus formation can also cause brachial
plexopathy [2]. MRI of preganglionic injuries can show nerve
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Fig. 14. Traumatic nerve root avulsion. (a) Axial balanced-FFE image demonstrates a traumatic pseudomeningocele (arrow). (b) Axial T1-weighted image with intravenous
gadolinium shows the enhancement of an avulsed nerve root (arrow).

Fig. 15. Left-sided neurogenic thoracic outlet syndrome. (a) Radiograph shows a cervical rib on the asymptomatic side (small arrow) and a hypertrophic transverse process of
C7 on the symptomatic side (long arrow). (b) Coronal T1-weighted image demonstrates that the fibrous band (short arrow), which courses from the hypertrophic transverse
process of C7 (long arrow) to the first rib (R1), causes a deviation of the C8 nerve root. (c) Sagittal T1-weighted shows the fibrous band (arrow) within the interscalene triangle.
SA, subclavian artery; ASM, anterior scalene muscle.
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Fig. 16. MIDN (a and b) coronal T1-weighted (a) and T2-STIR (b) image show thick-
ening of the brachial plexus (arrows) with an increased signal intensity on the
T2-weighted images.

root avulsions with or without pseudomeningoceles (Fig. 14a).
Pseudomeningoceles are cerebrospinal fluid collections due to
a dural tear. The presence of a pseudomeningocele is a valu-
able but not pathognomonic sign for a preganglionic lesion, as
pseudomeningoceles can occur without nerve root avulsions, and
nerve root avulsions not always coincide with pseudomeningo-
celes. Spinal cord abnormalities occur in 20% with preganglionic
injuries, such as edema, hemorrhage and myelomalacia [26].
Administration of intravenous gadolinium can be useful in diag-
nosing preganglionic injuries. An uncommon but useful finding
is the enhancement of intradural nerve roots or root stumps
(Fig. 14b), which indicates functional impairment [26,27]. An
explanation can be the breakdown of the blood-nerve bar-
rier or dilatation of radicular veins. Enhancement of denervated
paraspinal muscles, especially the multifidus muscle, is another
sign of nerve root avulsion [26,28]. Dilatation of the vascular bed
and enlargement of the extracellular space cause this abnormal
enhancement.

9. Neurogenic thoracic outlet syndrome

Neurogenic thoracic outlet syndrome occurs in young women.
It has characteristic electrophysiological characteristics and typical
clinical features, such as hand weakness and wasting of the lat-
eral thenar muscles [29]. Radiography of the neck shows congenital
bony abnormalities, consisting of a rudimentary cervical rib or an
elongated transverse process of C7, which should not be larger than
the transverse process of T1 (Fig. 15a). In these patients a fibrous
band runs from the elongated transverse process or rudimentary
cervical rib to the first rib which gives compression on the nerve
roots C8 or T1 or the inferior trunk. MRI can be helpful in showing
the fibrous band and an asymmetry in the course of lower brachial
plexus (Fig. 15b and c) [30-32].

10. Immune-mediated neuropathies: MMN, CIDP and MIDN

MMN is characterized by slowly progressive, asymmetrical
weakness of the limbs without sensory loss. CIDP causes a sym-
metrical weakness of the limbs with sensory loss [33]. Patients
with MIDN have an asymmetrical sensory loss with or with-
out weakness [34]. These immune-mediated neuropathies can be
treated with intravenous immunoglobulins. Electrophysiological
studies are often diagnostic. MRI of the affected peripheral nerves
can be abnormal. The nerves are enlarged and have an increased
signal intensity on T2-weighted images (Fig. 16). T2-weighted
images with fat suppression are very useful in these patients. The
lesions may, but often do not enhance after the administration
of intravenous gadolinium. The abnormalities on MRI may mimic
hereditary motor-sensory neuropathy (synonyms: hypertrophic
neuropathy or Charcot-Marie-Tooth syndrome) or plexiform neu-
rofibromatosis [6]. The clinical differentiation between MMN and
lower motor neuron disease can be clinically difficult. In these
cases MRI of the brachial plexus can be helpful, as the brachial
plexus is normal in patients with lower motor neuron disease
[35].
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