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Abstract Pre-operative US examina-
tions of the brachial plexus were per-
formed with the purpose of exploring
the potential of this technique in rec-
ognizing lesions in the region and de-
fining their sonographic morphology,
site, extent, and relations to adjacent
anatomic structures, and comparing
them to the surgical findings to obtain
maximal confirmation. Twenty-eight
patients with clinical, electro-conduc-
tive, and imaging findings suggestive
of brachial plexus pathology were in-
cluded in this study. There were four
main etiology groups: post-traumatic
brachial plexopathies; primary tumors
(benign and malignant); secondary tu-
mors; and post irradiation injuries.
Twenty-one of the 28 patients under-
went surgery. Advanced imaging
(mostly MRI) served as an alternative
gold standard for confirmation of the
findings in the non-surgically treated
group of patients. The US examina-
tions were performed with conven-
tional US units operating at 5- to 
10-MHz frequencies. The nerves were
initially localized at the level of the
vertebral foramina and then were fol-
lowed longitudinally and axially down
to the axillary region. Abnormal US
findings were detected in 20 of 28 pa-
tients. Disruption of nerve continuity
and focal scar tissue masses were the
principal findings in the post-traumat-
ic cases. Focal masses within a nerve
or adjacent to it and diffuse thickening
of the nerve were the findings in pri-
mary and secondary tumors. Post-irra-

diation changes presented as nerve
thickening. Color Doppler was useful
in detecting internal vascularization
within masses and relation of a mass
to adjacent vessels. The eight sono-
graphically negative cases consisted
either of traumatic neuromas smaller
than 12 mm in size and located in rel-
atively small branches of posterior lo-
cation or due to fibrotic changes of
diffuse nature. Sonography succeeded
in depicting a spectrum of lesions of
traumatic, neoplastic, and inflammato-
ry nature in the brachial plexus. It pro-
vided useful information regarding the
lesion site, extent, and anatomic rela-
tionships; thus, the principal aims of
the study were therefore met. Once
the technique of examination is mas-
tered, sonography should be recom-
mended as part of the pre-operative
evaluation process post-ganglionic
brachial plexus pathology. Most dis-
advantages are related to the restricted
field of view and inability to over-
come bonny obstacles particularly in
evaluating pre-ganglionic region. As
sonography is frequently employed
for investigation of the supraclavicular
region, awareness of the radiologist to
the findings described may enable the
early recognition of pathologies in-
volving or threatening to involve the
brachial plexus.
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Introduction

Magnetic resonance imaging is currently the preferred
method for direct imaging of the brachial plexus [1, 2].
Computed tomographic myelography is useful in evalu-
ating pre-ganglionic plexus pathology [3, 4].

The recent successful attempts to use US for imaging
of the brachial plexus anatomy in particular [5, 6] and
peripheral nerve in general [7] encouraged this prospec-
tive US study of brachial plexopathies. The aim of the
current study was to explore the potential of this tech-
nique in recognizing lesions in the region of the brachial
plexus, characterizing their nature and assessing their ex-
tension and relation to adjacent anatomic structures.

Materials and methods

The study population included 28 patients with clinical, electro-
conductive, and imaging findings suggestive of brachial plexopa-
thy. The etiologies (see Table 1) included trauma (12 patients), pri-
mary tumors (6 patients), secondary tumors (10 patients), and
post-irradiation (6 patients, 5 of them overlapping with secondary
tumors and 1 patient with malignant peripheral nerve sheath tumor
known as MPNST). The patients’ mean age was 48 years
(±18 years; age range 22–75 years).

Patterns of clinical involvement of the plexus included pain,
weakness, sensory deficit, Horner’s syndrome, and vasomotor
changes.

The levels of the lesions as based on EMG or clinical findings
were as follows: C-5 (3 lesions); C-6 (4 lesions); C-7 (5 lesions);
C-8 (3 lesions); T-1 (2 lesions); lateral cord (1 lesion); medial cord
(1 lesion); upper trunk (1 lesion); axillary branch (3 lesions); ac-
cessory nerve (2 lesions); suprascapular nerve (2 lesions); and ul-
nar nerve (1 lesion).

Additional imaging studies included 15 MR exams, 10 CT
studies, 4 nuclear scans, and one angiographic study.

Twenty-one of the patients underwent surgery, which included
exploration, decompression and removal of fibrous bands, scar tis-
sue, traumatic neuromas, or tumors in extra-fascicular and intra-
fascicular locations. They underwent microsurgical external and
internal neurolysis and neurotization with various grafts as well.
Magnetic resonance imaging (4 patients), CT (3 patients), and
positron emission tomography (PET) with fluorine-18 fluoro-2-de-
oxy-D-glucose (FDG) were available for confirmation of the US
data in the patients that were not surgically treated.

Ultrasound examinations were performed on conventional US
units equipped with color Doppler capabilities using 5- to 10-MHz
linear and curvilinear transducers. The nerves were initially local-
ized at the level of the vertebral foramina and then were followed
longitudinally and transversely down to the axillary region. The
identification of the normal nerve on US was based on the recog-
nition of a hypoechoic structure tubular in shape in the longitudi-
nal axis and round on transverse sections [5, 6, 7]. The nerves
were thicker at the root level and then tapered down gradually to-
wards the periphery. An internal linear (fascicular) pattern was
just recognizable. Each root was cephalad and adjacent to the rela-
tive transverse process on longitudinal and transverse sections.
The trunks located between the anterior and middle scalene mus-
cles are best imaged on sagittal sections (Fig. 1A, B). In the retro-
clavicular region the nerves were located cephalad and posterior to
the subclavian artery (Fig. 1C) which was easily detected and con-
firmed using color Doppler. Scanned along their longitudinal axes
(coronal) the nerves appear as linear structures parallel to each
other (Fig. 1D, E). All US examinations were performed by three
radiologists (M.G., C.M., and L.E.D.). The examiners were aware
of the clinical information but partially blinded to the findings of
the ancillary imaging studies. Sonography was performed in the
patients scheduled already for surgery (on bases of clinical, elec-
tro-physiological, and imaging findings) 24–48 h prior to surgery
for the purpose of topographic correlation, skin marking of lesion
location, and evaluation of surrounding vascular anatomy. Dura-
tion of the US examination stabilized at 35–40 min per side after
an initial learning period (first 10–15 cases).

Results

Trauma

Three main types of ultrasound findings were detected in
the trauma patients:

1. Disruption of nerve continuity (Fig. 2A) which was
associated with swelling of the proximal and distal
stumps and a “wavy” course of the retracted distal
segment (Fig. 2B).

2. Scar tissue mass, irregular in shape and hypoechoic in
texture. The mass, which is located primarily in the
soft tissues, was seen to merge with one or more
nerves (Fig. 3).

3. Segmental fusiform thickening of trunk of the plexus
representing traumatic neuroma.

Color Doppler delineated narrowing of the subclavian
artery in 1 case. No definite US findings could be detect-
ed in the other eight trauma cases. Surgical findings in
these patients included three traumatic neuromas (up to
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Table 1 Etiology of brachial plexus lesion. MPNST malignant pe-
ripheral nerve sheath tumor

Causes of brachial plexopathies

Diagnosis No. of cases

Traumatic injuries 12
Crush 5
Cervical rib (repeated compression–microtrauma) 1
Repetitive trauma (sport) 1
GSW and SW 3
Surgical biopsy (iatrogenic) 2

Primary tumors 6
Schwannoma 3
Neurofibromatosis 2
MPNST 1

Secondary tumors (metastatic) 10
Breast carcinoma 8
Mesenchymal neck tumor 1
Lung carcinoma (pancoast) 1

Radiation fibrosis 6a

a Overlapping with the group of secondary tumors (5 cases) and
malignant primary tumor (1 case)



12 mm in size), four diffuse scars, and one fibrous band
associated with a cervical rib in a patient with thoracic
outlet syndrome.

The imaging studies available in these cases included
MRI (five studies) and CT (two studies). The MRI stud-
ies depicted edema in the region of the brachial plexus in
two of the studies. Signs of root avulsion at the level of
the neural foramina was seen in the disruption case. Fo-
cal enhancement around the upper trunks in proximity of

the foramina was observed in the patient with segmental
nerve thickening after gadolinium (Gd) administration.

The other three MR cases were considered negative
(as were the corresponding US studies). No direct nerve
lesions were detected on CT.

Primary nerve tumors

Space-occupying lesions were detected by US in all 6
patients with primary nerve tumors. Ultrasound depicted
multiple lesions in 2 patients (both neurofibromatosis
type 1). The masses were globular or fusiform in shape
and hypoechoic in texture (Fig. 4). The lesions in the
other 3 patients with benign tumors (schwannomas) were
solitary, rounded in shape with regular smooth contours
(Fig. 5), and hypoechoic (2 cases) or mixed echotexture
(1 case). They were in continuity with the nerve although
slightly eccentric and ranged in size from 4 to 5 cm. The
only primary malignant peripheral nerve sheath tumor
(MPNST) presented as a diffuse hypoechic thickening of
the nerve with a hypoechoic uniform pattern.
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Fig. 1A–E Normal sonograms are displayed with their relative
anatomic drawings. A Sagittal sonograms at the level of the inter-
scalene triangle with anterior (AS) and middle (MS) scalene mus-
cles. The trunks appear like a series of tubular structures (arrows).
B Slightly lateral to A are the divisions of the brachial plexus (el-
lipsis). C More laterally the divisions (arrows) run in close prox-
imity to the subclavian artery (SA). D Proximal coronal sonogram
shows the roots emerging from the intervertebral foramen, dis-
playing a bulbar appearance (arrow), which corresponds to the
ganglia. Distally they appear as longitudinal tubular formations.
E More laterally they run almost parallel. Note the dorsal branch
of the dorsal scapular artery (DSA) which is perpendicular to the
nerve divisions (arrow)



Internal vascularization was detected by color Dopp-
ler in all primary tumors. In one of the neurofibromatosis
(NF) cases US demonstrated a rich collateral venous cir-
culation with tortuous vessels.

Magnetic resonance imaging studies were available in
all 6 patients with primary tumors and all provided infor-
mation regarding the site and extent of the lesion as well
as its relation to adjacent vessels. Intra-spinal involve-
ment was shown in all three cases where present. The
four CT studies yielded information similar to that pro-
vided by MRI but limited to the axial plane. In 1 case,
angiography showed displacement of the subclavian ar-
tery by tumor (schwannoma). The nuclear medicine
(NM) study in the same case was negative.

Secondary tumors

Hypoechoic focal mass or masses (6 of 10 patients) was
the most common finding in the group of secondary tu-
mors. Segmental fusiform thickening (Fig. 6) was the
other type of finding (4 of 10 patients) observed in this
group. In 3 cases both types of involvement (mass and
segmental thickening) were observed concomitantly.

The nerve–tumor interface was characterized by an
abrupt cutoff of the nerve course by the tumor. En-
larged lymph nodes detected in three of the patients
were oval in shape, larger than 1 cm in diameter, and of
medium echogenicity. Color Doppler depicted internal
circulation in two of the masses. It also helped in dis-
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Fig. 2A–C Acute traumatic
transection of the right brachial
plexus in a 30-year-old man.
A Longitudinal sonogram
(5–12 MHz) obtained at the in-
terscalene area, shows the
transected nerve (C7). Note the
hypoechoic swollen appearance
(open arrowheads, arrows) of
the proximal and distal stumps.
The proximal nerve portion
(arrowheads) appears normal.
B A close look at the distal
transected segment of the nerve
shows a “wavy” appearance
(arrowheads) due to retraction.
C The coronal T2-weighted tu-
rbo-spin-echo MR image dem-
onstrates an increased signal in
the soft tissues of the intersca-
lene area (arrow)

Fig. 3A, B Penetrating trauma
(stab wound). A A left coronal
(5 MHz) sonogram along the
plexus demonstrates (arrow-
heads) a hypoechoic mass
(scar) which involves two of
the trunks (arrows). B A per-
pendicular (sagittal) sonogram
demonstrates the scar mass 
(arrowheads), and the adjacent
subclavian artery (A) and vein
(V)



tinguishing the infiltrated cords from the adjacent blood
vessels.

Ancillary imaging included MRI (4 cases) and CT 
(3 cases) which depicted osseous involvement (cervical
vertebra) by the tumor in 1 case and pleural infiltration
in another one. The MR detected the focal lesions and
their relations to the brachial plexus in all cases; howev-
er, it did not demonstrate nerve thickening or textural
changes in the infiltrated nerves. An FDG scan was posi-
tive in 1 case of nerve infiltration. The other NM study
was negative.
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Fig. 4 Neurofibromatosis type 1. Coronal sonogram (7 MHz) of
the lateral neck shows a bilateral general involvement of all nerve
roots and trunks by the disease. Some of the roots are globular in
shape and the others fusiform (right and left coronal sonograms
were fused photographically and displayed vertically)

Fig. 5A, B Schwannoma of the
left brachial plexus. A The tu-
mor appears on ultrasound as a
solitary rounded mass (S) with
smooth contours and hypo-
echoic texture. Arrowheads
mark the nerve proximal and
distal to the mass. B Coronal
T1-weighted MR image dem-
onstrates the tumor (S) in the
mid-portion of the supraclavic-
ular area

Fig. 6A, B Diffuse infiltration of nerve roots by metastatic breast
carcinoma associated with post-irradiation fibrosis. A The right
coronal sonogram shows normal appearance of C5 and C6 roots of
the brachial plexus (arrowheads). B The left coronal view in the
same patient shows a diffuse hypoechoic thickening of the same

roots (arrowheads). The caliber of the affected roots is significant-
ly enlarged in comparison with the contralateral nerves and a loss
of the normal nerve tapering distally can be noted (same scaling
factor on both images)



Radiation fibrosis

There was no case of isolate radiation fibrosis in this se-
ries. All cases were associated with histology of malig-
nant disease either as a mass or cellular infiltration 
(5 metastatic and 1 primary malignancy). The sono-
graphic findings included thickening and loss of tapering
in one to three nerves. The caliber of the normal nerves
in above-mentioned cases ranged between 0.2 and
0.4 cm. The caliber of the thickened nerve segments
measured 0.5–0.95 cm, which represents a considerable
increase in diameter with respect to the normal diameter.
The contour showed slight irregularity and the echogeni-
city was reduced with loss of the internal linear texture.

Discussion

Sonography was effective in imaging normal and abnor-
mal peripheral nerves. Two recent studies have reported
successful attempts at evaluating brachial plexus anato-
my using US [5, 6].

The quality of US imaging of the brachial plexus
equals that obtainable by US in other peripheral nerves
of similar caliber and depth. In the present study, the
nerve roots could be observed on US as they exit the ver-
tebral foramina as described in the literature (Fig. 6A).
The trunks, cords, divisions, and branches of the brachial
plexus could be identified and tracked down continuous-
ly to the axillary region.

In general, trauma accounts for more than half of the
cases of brachial plexopathies [8]. Traumatic etiologies
in this study included avulsion, penetrating wound, and
iatrogenic causes (mainly surgical biopsies).

Post-traumatic nerve root disruption of the brachial
plexus is usually caused by trauma mechanisms that sep-
arate the arm from the shoulder [9]. In BP stretching the
most characteristic finding is pseudomeningocele which
can be detected by CT and MRI [9]. Sonography is un-
able to visualize the internal part of the spinal canal, but,
on the other hand, it has been shown to be capable of di-
rectly depicting nerve disruption and the gap between the
nerve ends. Post-traumatic thickening of nerve segments
probably due to neuroma was detected in 1 patient by US
(and MRI) 5 months after the trauma. This information
as well as distinguishing post-ganglionic from pre-gan-
glionic injury by EMG may be of major importance as
recent advances in microsurgery permit reconstruction of
nerve roots using neurotization, nerve grafting, and neu-
rolysis [10].

All imaging modalities (US, MRI, and CT) were less
successful in depicting traumatic lesions such as small
traumatic neuromas (<12 mm) and diffuse fibrosis or fi-
brotic bands except the case of fusiform segmental thick-
ening mentioned above. The failure to detect those le-
sions is probably related to a combination of factors such

as the small size, insufficient contrast with the surround-
ing tissues, and posterior location.

Scar tissue mass secondary to penetrating trauma may
appear as a focal hypoechoic mass with irregular con-
tours. In 2 cases it was possible to delineate the location
and extent of the scar mass which involved more than
one cord (Fig. 3).

Neurofibromas and schwannomas are the most com-
mon neural neoplasms involving the brachial plexus.
One-third of neurofibromas occur in patients with neuro-
fibromatosis type 1 (NF-1) and two-thirds are sporadic.
In NF-1 the patient tends to have multiple lesions in the
brachial plexus. In the sporadic form the lesion is usually
solitary. Histologically, the non-encapsulated neurofibro-
ma is believed to arise from the nerve fascicle [11].
Sonographically, the lesion presents with well-defined
contours, is homogeneous and hypoechoic, and shows
internal blood vessels on Doppler. In contrast to the
schwannoma, the neurofibroma has a centric course rela-
tive to the nerve. All the above-mentioned features were
present in our study. Additional abnormalities depicted
by US included local lymphadenopathy and the presence
of a rich collateral circulation in area of the lesion, which
influenced the decision regarding surgery in 1 case.

Schwannomas result from the benign transformation
of Schwann cells (nerve sheath tumors). The lesions are
mostly solitary and well encapsulated [12, 13]. They are
located eccentrically beneath the epineurium with ten-
drils of the nerve splayed over the mass. The schwanno-
mas in the brachial plexus were depicted by sonography
in all our cases. The typical features, such as smooth
contours, hypoechoic texture, and eccentric position
(very subtle in this particular case) in relation to the
nerve, were easily recognized. The echogenic capsule
could not be observed due to the lack of contrast with the
surrounding (mainly adipose) tissue. Internal vascular-
ization was observed in all cases on Doppler. The MRI
depicted most of the above-mentioned features as well.

Malignant peripheral nerve sheath tumor (MPNST) is
a primary sarcoma arising from elements of a peripheral
nerve and/or having evidence of neural differentiation
[14, 15]. Our study included one case of MPNST involv-
ing the brachial plexus, The US appearance was charac-
terized by diffuse involvement of multiple segments of
the nerve (root, trunk, and division).

Tumors that have been reported to metastasize to the
brachial plexus include breast, lymphoma, bladder, gas-
trointestinal, testicular, thyroid, lung, melanoma, head
and neck, and sarcomas [16, 17]. Because one of the ma-
jor lymphatic drainage routes of the breast is through the
apex of the axilla, it is not uncommon for metastatic
breast cancer to invade the brachial plexus. The MRI is
the modality of choice for the detection of secondary in-
vasion of the brachial plexus due to its multiplanar capa-
bilities and high soft tissue contrast [18]. The sonograph-
ic findings reflected three patterns of involvement, focal
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tumor mass, diffuse infiltration, and local lymphoadenop-
athy. Both MRI and CT had the advantage of a panoramic
view delineating adjacent bone and pleural involvement.

Radiation fibrosis is a relatively common cause of
brachial plexopathy and may account for 25% of the
cases of non-traumatic plexopathies [19, 20, 21, 22].
Histologically, there is dense fibrous tissue encasing the
brachial plexus with Wallerian degeneration [23]. It is
somewhat difficult to discuss the sonographic aspects of
radiation fibrosis, as all cases in this series were associ-
ated with malignant findings. Although features of nerve
thickening were present in all the patients who under-
went radiation therapy, they are far from being specific
to radiation fibrosis. The sonographic demonstration of
diffuse nerve thickening is similar to that described with
MRI [20, 24]. Post-irradiation plexus injuries should be
operated on as early as possible to stabilize the clinical
course (as soon as paresthesia appears and before the on-
set of pain) [25]. Sonography can provide a simple, non-
expensive mean to monitor caliber changes. The MRI
has an advantage as it enables the distinction of radiation
fibrosis from tumor infiltration on the basis of different
T2 signals [19, 26, 27, 28]. The differentiation between
radiation damage and residual tumor or recurrence can
still be problematic as both conditions may coexist.

Conclusion

The advantages of sonography of the brachial plexus are
related to its ability to directly visualize the nerve, pro-

viding fine details such as nerve disruption, detecting the
presence of scar tissue, and its relation to the nerve, de-
marcation of changes in nerve diameter (thickening), and
texture (infiltration). Visualization of tumor vascularity
and adjacent circulation on US does not require the in-
jection of contrast medium.

Sonography is easily tolerated by the patient, is cost-
effective, and has been successfully applied for surgical
planning either using skin markings before operation or
by guiding biopsies.

The apparent disadvantages are related to the restrict-
ed field of view, which limits the panoramic topographi-
cal display. Sonography is limited in evaluating osseous
or lung tissues and therefore is not able to delineate in-
tra-spinal pathology, metastatic bone involvement, and
pleural infiltration; therefore, MRI studies are needed in
most cases. Acquisition of sonographic skill in assessing
brachial plexus pathology requires a relatively prolonged
learning curve and previous background and experience
in musculoskeletal sonography.

Ultrasound provided useful information regarding
the lesion site, extent, and anatomic relationships par-
ticularly to blood vessels; thus, the principal aims of
the study were therefore met. Once the technique is
mastered, sonography should be recommended as part
of the pre-operative evaluation process post-ganglionic
brachial plexus pathology. It is particularly useful in
evaluation of trauma and post-traumatic changes such
as irregular extensive scars. It also helps the surgeon 
in planning the operation and guiding diagnostic biop-
sies.
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