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ABSTRACT
The motor and sensory branches of 
the somatic peripheral nervous system 
(PNS) can be visualised by different im-
aging systems. This article focuses on 
imaging of peripheral nerves by mag-
netic resonance imaging (MRI) and 
high-resolution ultrasound (US). The 
anatomic basis of the peripheral nerve 
image, common pathologies and clini-
cal value of US and MRI imaging of pe-
ripheral nerves are reviewed.

Introduction
Nerve pathology may be a cause of 
chronic pain and disability. The initial 
diagnostic evaluation of the periph-
eral nervous system (PNS) involves a 
thorough patient history and physical 
examination. Neurophysiologic testing 
is often required owing to the difficul-
ties in precisely assessing the degree of 
nerve damage and to differentiate be-
tween demyelination and axonal degen-
eration. These tests measure electrical 
activity of nerves according to different 
parameters, such as latency, amplitude 
and conduction velocity (1). The accu-
racy of nerve conduction studies may, 
however, be influenced by a variety of 
factors, including age, gender, height 
and body mass index (2, 3). 
The relatively recent application of im-
aging techniques, such as ultrasound 
(US) and magnetic resonance (MR) 
imaging, have allowed detailed visuali-
sation of the peripheral nervous system 
providing information concerning mor-
phological alteration of the nerve and 
surrounding tissues (4, 5). Imaging also 
may be used to assess the status of in-
nervated musculature that aid in under-
lying diagnosis, localisation of disease 
and recognition of the degree of nerve 
damage. In addition, it can be very use-
ful in monitoring of response to therapy 
and prognosis for recovery. US has 
some advantages over MR, including 
its availability and that it permits higher 
resolution dynamic real-time imaging 

of the nerve along its trajectory along 
with immediate one-to-one compari-
son with the contralateral structures (6, 
7). In addition, US-guidance has led to 
the development of a variety of inter-
ventional procedures. The use of US is 
becoming widespread in providing ac-
curate and safe regional anesthesia as 
well as focal and regional pain manage-
ment. It has also becoming an increas-
ingly important component of muscu-
loskeletal specialties such as physical 
medicine and rehabilitation and sports 
medicine.

Anatomical considerations
The PNS includes spinal nerves that 
originate from the combination of dor-
sal and ventral roots of the spinal cord 
and the cranial nerves originating from 
the forebrain and brain stem. The dorsal 
roots of spinal nerves encompass sen-
sory axons, whereas the ventral roots 
contain motor axons. Soon after cross-
ing the intervertebral foramina, spinal 
nerves split into a delicate posterior 
(dorsal) ramus innervating muscles and 
skin of the back and a large anterior 
(ventral) ramus innervating limb mus-
cles and the skin of the anterior aspect 
of the body. Both rami are hybrids as 
they contain sensory and motor fibres. 
Cranial nerves may be sensory or mo-
tor. Nerve fibres (axons) are surrounded 
by a myelin sheath or non-myelinated, 
such as in the case of the smaller sen-
sory nerves. Groups of axons are bun-
dled together and embedded in a deli-
cate connective tissue, the endoneurium 
(Fig. 1). Each bundle of endonerium-
embedded axons is then surrounded by 
a distinct membrane, the perineurium, 
to form a fascicle.
In larger nerves, the perineurium acts as 
a “blood-nerve barrier” and is in con-
tinuity with the pia-arachnoid of the 
meninges being formed by layers of 
flat cells in a matrix of collagen fibres 
that are arranged concentrically around 
single nerve fascicles (8). The perineu-
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rium helps to regulate and, also, protect 
the axons from tensile and compressive 
stresses.
Fascicles may travel directly and inde-
pendently within the nerve as individ-
ual “cords” or “cables” as the median 
nerve does in the distal arm or may in-
terconnect with other fascicles forming 

a plexus, as observed frequently in the 
median nerve at the antecubital fossa 
(9). Nerve fascicles are then bound 
together by a tough outer epineurium 
made up of loose connective tissue to 
form a typical peripheral nerve (10). 
The space between the outer epineu-
rium and the perinerium surrounding 

the fascicles is referred to as the inter-
fascicular epineurium. The amount of 
interfascicular epineurium is related 
directly to the number of fascicles and 
is more abundant in areas requiring 
greater mobility, such as where nerves 
cross joints. On the external side, the 
outer epineurium forms a continuum 
with surrounding loose areolar connec-
tive tissue, the so-called mesoneurium. 
Nerves are vascularised throughout 
their entire trajectory and also contain 
a lymphatic network. The mesoneu-
rium contains a complex system of 
perineural vessels, the so-called “vasa 
nervorum”, and guarantees some nerve 
mobility while protecting the microvas-
cular architecture. Perineural vessels 
give off penetrating branches that enter 
the nerve bundle and run parallel to the 
fascicles, embedded in the interfascicu-
lar epineurium. Along the perivascular 
plexuses, small nerve endings, the “ner-
va-nervorum”, provide sympathetic in-
nervation to the nerve bundles. 
Familiarity with nerve trajectory and 
anatomic passageways is critical for 
a successful evaluation with high-res-
olution US and MR imaging. Nerve 
localisation, recognition of anatomi-
cal variants and detailed knowledge of 
the areas in which entrapment is most 
likely to occur enhance the accuracy of 
imaging evaluation. Knowledge of spe-
cific anatomic structures (“landmarks”) 
or reference points is essential in local-
ising and assessing peripheral nerves:
1. nerves pass through narrow anatom-

ic passageways in the limbs, the so 
called osteofibrous tunnels, that typ-
ically are delimited by a bony floor 
and retinacular roof (e.g. the carpal 
tunnel, where the median nerve may 
be entrapped) (Fig. 2); 

2. nerves often are accompanied by 
satellite vessels or guardian muscles 
for long segments of their course 
(e.g. the anterior interosseous nerve 
accompanied by the anterior inter-
osseous artery as it travels down 
through the forearm; the ulnar nerve 
covered by the flexor carpi ulnaris 
muscle) (Fig. 3);

3. nerves may cross fascial sheets that 
overlie muscles or separate compart-
ments at specific locations (e.g. the 
sensory branch of the radial nerve 

Fig. 1. Microscopic section of peripheral nerve demonstrating the endoneurium (1), perineurium (2) 
and epineurium (3).

Fig. 2. Carpal tunnel. Axial section through the carpal tunnel at the wrist. Note the median nerve (MN) 
in the tunnel which is formed by the overlying flexor retinaculum (FR) which connects the pisiform 
(P) to the scaphoid tubercle (ST) of the carpus. The flexor tendons (FT) of the thumb and fingers are 
also in the tunnel.
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piercing the fascia of the distal fore-
arm after leaving the undersurface 
of the brachioradialis; the superfi-
cial peroneal nerve as it penetrates 
the lower leg fascia 10 cm above the 
lateral malleolus) (Fig. 4).

An in-depth knowledge of soft-tissue 
anatomy may help in nerve identifica-
tion and often clarifies the aetiology 
and pathophysiology of some nerve 
diseases.

Ultrasound and MR imaging 
of peripheral nerves
Ultrasound imaging
Peripheral nerves and perineural struc-
tures can be examined using US and 
MR imaging on their long-axis and 
short-axis but owing to their serpen-
tine course, the short-axis usually is 
superior to the long-axis (11, 12). On 
short-axis images, nerves exhibit a 
rounded, ovoid or somewhat flattened 
shape containing multiple individual-
ised hypoechoic/anechoic dots (each 
“dot” representing a fascicle) giving 
rise to a “honeycomb” appearance (13). 
This appearance is similar to the pres-
ence of “poppy seeds within a muffin” 
(Fig. 5A). On long-axis images, nerves 
show narrow, elongated structures with 
a fascicular appearance due to alternat-
ing hypoechoic and hyperechoic bands 
(Fig. 5B). The hypoechoic/anechoic 
dots represent the fascicles (including 
the perineurium). They are surrounded 
by a hyperechoic background related to 
the interfascicular and, on the external 
side, to the outer epineurium.
At the level of osteofibrous tunnels, the 
outer epineurium may occasionally ap-

pear more hyperechoic relative to the 
surrounding perineural fat. This feature 
is, however, inconstant and rarely rec-
ognised outside tunnels. Unlike abso-
lutely uniform and fibrillar structure of 
tendons, the fascicular echotexture of 
nerves does not display the property 
of anisotropy. The term “anisotropy” 
essentially refers to a characteristic of 
a certain structure or substance being 
directionally dependent. Specifically in 
US, this represents a dramatic change 
in ecogenicity (from white “hyperecho-
ic” to dark grey-black “hypoechoic-an-
echoic” when toggling the probe from 
side-to-side or up-down thus changing 
the direction at which the US beam 
strikes a specific structure and altering 
the subsequent angle of reflection. 
The preferred technique for examina-
tion is quite dynamic. The probe, in 
short axis to the nerve, is slid along the 
nerve proximal-to-distal or distal-to-
proximal while toggling gently from 
side-to-slide to minimise artifact and 
noise created by inappropriate orienta-
tion of the beam; this scanning tech-
nique is commonly referred to as the 
“elevator” technique. This approach 
provides a detailed morphologic study 
of the nerve and perineural structures. 
When an appropriate image of the nerve 
is captured, quantitative measurements, 
such as the axial diameter or the cross-
sectional area (CSA) of the nerve may 
be taken to better quantify pathologic 
changes affecting the size of the nerve 
bundle or individual fascicles. In sev-
eral nerve disorders, the most relevant 
morphologic changes affecting nerves 
include generalised nerve enlargement, 

Fig. 3. Anterior interosseous nerve. Deep topographical dissection of the anterior(volar) forearm showing the anterior interosseous nerve (yellow markers) 
traveling jointly with the anterior interosseous artery (red markers) on the surface of the interosseous membrane from the antecubital fossa (right) to the 
wrist (left).

Fig. 4.  Superficial peroneal nerve. The superfi-
cial peroneal nerve (SPN) emergerges from the 
fascia of the lateral leg, a common site of nerve 
injury with extreme inversión owing to the nerves 
fixation at this point. LM: lateral malleolus; PT: 
peroneal tendons.
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grossly enlarged fascicles, loss of the 
fascicular pattern, focal changes in the 
nerve shape and size and intraneural 
vascularisation noticed at Doppler im-
aging (14, 15). 

Magnetic resonance imaging
On MR imaging, the nerve fascicle is 
also the smallest unit that can be de-
picted similar to US (16). With MR, 
fascicles can be identified in large 
nerves, but not invariably in small 
distal branches. The use of high ma-
trix, thin slices and small field-of-view 
usually is required to improve spatial 
resolution and fascicular depiction. On 
T1-weighted images, individual nerve 
fascicles appear hypointense and sur-
rounded by connective tissue that looks 
hyperintense due to its fat content (Fig. 
6A-B). Fat suppression with fast short-
tau inversion recovery (STIR) or by 
frequency-selective saturation of the 
fat resonance is valuable to improve 
depiction of intraneural fascicles en-
hancing contrast resolution (16). Us-
ing these sequences, the appearance 
of nerve fascicles ranges from isoin-

tense to mildly hyperintense, relative 
to the normal muscle. Nerve fascicles 
containing more abundant endoneurial 
fluid may have slightly higher signal 
intensity than the surrounding connec-
tive tissue (16). 
Nerves may show reduction of sig-
nal intensity when they are oriented 
at an angle of approximately 55° to 
the magnetic field using T2-weighted 
sequences with long TEs, an artifact 
called “magic angle effect,” similar to 
tendons (17). Examiners must be aware 
of this artifact, as it may mimic disease. 
In normal states, nerves do not show 
contrast enhancement after gadolinium 
administration because of the integrity 
of the blood-nerve barrier (18). 
In addition to conventional T1- and 
T2-weighted sequences, MR neurogra-
phy is an additional acquisition proto-
col that is able to offer nerve-selective 
information with increased depiction 
of the intraneural fascicular pattern 
(19-24). This technique requires use 
of high-resolution phased-array coils 
and heavily T2-weighted (TE 90ms) 
turbo spin-echo images with fat and 

flow suppression to remove signal 
from non-neural structures (21, 25). 
By nulling the signal from the epineu-
rium and nerve surroundings, fascicles 
become markedly hyperintense on MR 
neurography (Fig. 7A-B-C). Using MR 
neurography, the nerve can then be re-
constructed using 3D-rendering algo-
rithms. Because nerve bundles have a 
highly ordered histologic architecture, 
the directional motion of intraneural 
water can be measured using diffusion-
weighted imaging sequences. 
Diffusion tensor imaging is a technique 
for imaging tissue anisotropy. It uses 
measurements related to the motion of 
water molecules in anisotropic media to 
provide information about orientation 
and degree of architectural organisation 
of tissues. Tractography is the math-
ematical rendering used to provide 3D 
visualisation of fibre tracts and assess-
ment of the orientation of nerve fibres 
(26, 27). It includes the mean apparent 
diffusion coefficient (ADC) and mean 
fractional anisotropy (FA). Fibre track-
ing acquisition makes use of a spin-
echo single-shot diffusion-weighted 

Fig. 5. US appearance of 
normal nerves. 
(A) Short-axis and (B) 
long-axis 24-8MHz US 
images of the median 
nerve at wrist. 
A: The nerve (arrowheads) 
is composed of rounded 
hypoechoic dots (fasci-
cles) embedded in a ho-
mogeneous hyperechoic 
background (epineurium).
B: The nerve (arrowheads) 
is characterised by mul-
tiple hypoechoic parallel 
linear areas (fascicles) 
separated by hyperechoic 
bands (epineurium).

A

B
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EPI sequence with fat suppression. Col-
our-coded maps are used to represent 
the direction of anisotropic structures. 
With this technique, any pathologic 
condition affecting the integrity and 
microscopic architecture of nerve fibres 
would alter nerve depiction (28-30). 
The use of tractography is promising, 
but is limited to the evaluation of large 
nerve bundles can be evaluated. Metic-
ulous and extenuating postprocessing is 
required. At its current state of devel-
opment, tractography cannot be consid-
ered part of the standardised MR imag-
ing protocols to study nerve diseases. 

Muscle diseases
In addition to the assessment of nerves, 
both US and MR imaging may also re-
veal muscle changes secondary to the 
denervation process, as an indirect sign 
of nerve dysfunction (16, 31). US as-
sessment of denervation relies on de-
tection of volume loss and hyperechoic 
appearance of the affected muscles. In 
acute and subacute denervation, MR im-
aging demonstrates diffusely high signal 
intensity on fluid-sensitive sequences 
related to muscle oedema, due to in-
creased intramuscular blood volume and 
extracellular fluid, and normal signal 
intensity on T1-weighted images. By 
contrast, chronically denervated mus-
cles exhibit increased signal intensity on 
T1-weighted images and substantial loss 
in bulk of muscles resulting from fatty 
infiltration and atrophy (31). 
US is not as accurate as MR imaging to 
differentiate early denervation related 
to accumulation of intramuscular ex-
tracellular oedema from fatty atrophy, 
although, both processes share a simi-
lar echotextural appearance. Using dif-
fusion-weighted imaging, denervated 
muscles may show increased ADC due 
to early expansion of the extracellular 
fluid space in these muscles (32). 

Entrapment neuropathies
Entrapment neuropathies usually are 
the result of chronic or dynamic com-
pression of nerves in fibro-osseous or 
fibromuscular tunnels. Osteofibrous 
tunnels have non-extensible walls and 
a variety of space-occupying lesions, 
such as accessory muscles, ganglion 
cysts, bony spurs and synovial pro-

Fig. 6. MR imaging of normal nerves. 
A: Short-axis proton density MR image of the mid-thigh demonstrates the sciatic nerve (arrowheads) 
made up of hypointense rounded fascicles (arrow) surrounded by hyperintense epineurium. The nerve 
boundaries look undefined as the signal intensity from outer epineurium does not differ from that of 
perineural fat. 
B: Coronal T1-weighted MR image shows the right and left sciatic nerves (arrowheads) descending the 
pelvis as elongated cords made up of multiple hypointense parallel linear fascicles.

A
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cesses may elevate pressure within 
them and cause nerve compression. 
Once established, chronic compres-
sion then results in nerve ischaemia, 
Wallerian degeneration of axons and 
intraneural fibrosis. Nerve conduction 
velocity testing may contribute to the 
diagnosis, but the parameters used are 
characterised by a high rate of false 
negatives, cannot identify the cause 
of nerve entrapment and, in many in-
stances, are unable to identify the exact 
level of compression along the course 
of a nerve. US has high spatial resolu-
tion and can explore osteofibrous tun-
nels and their contents using static and 
dynamic scans (33).
Based on US assessment, nerve com-
pressive syndromes can be grouped 
into three main classes: 
1. Large nerves (e.g. median, ulnar, per-

oneal, tibial) that are easily imaged 
by US at the compression site using 
conventional small parts transducers 
(frequency band up to 13MHz). As-

sessment of nerve changes is based 
on pattern recognition analysis and, 
at least for the carpal and cubital tun-
nels, on measurement of the nerve 
cross-sectional area (CSA). For this 
class, the diagnostic performance of 
US can be considered nearly equiva-
lent to MR imaging. 

2. Small nerves (e.g. posterior and ante-
rior interosseous, musculocutaneous, 
sural, distal divisional branches of 
large nerves) of caliber <2mm. The 
evaluation of these nerves requires 
high-end equipment and higher fre-
quency probes (frequency band up to 
24MHz). The diagnosis relies exclu-
sively on pattern recognition as these 
nerves are too small for a reliable 
CSA measurement. There is no ob-
jective evidence comparing the per-
formance of US and MR imaging in 
depicting pathology of these nerves 
but, in our opinion, US equipped 
with an appropriate transducer and in 
experienced hands often seems to be 

superior to MR imaging. The main 
advantage of US compared with 
MR is its ability to distinguish distal 
nerves from vessels. In addition, MR 
imaging cannot rely on detection of 
muscle denervation changes when 
evaluating distal branches, as many 
of these distal nerves branches are 
purely sensory.

3. Small (e.g. inferior calcaneal) or 
large (e.g. femoral and sciatic in 
their intrapelvic course) nerves that 
are poorly visible or not accessible at 
US due to a too deep course or inter-
vening bone. In these instances, MR 
imaging can be considered the tech-
nique of choice to provide adequate 
characterisation of nerve disease.

Wherever the entrapment site, the main 
US signs of entrapment neuropathies 
are pathognomonic. The nerve appears 
flattened at the site of compression and 
swollen proximally (Fig. 8A). An abrupt 
transition (notch sign) is observed be-
tween flattened and swollen segments. 

Fig. 7. Common MR pulse sequences for nerve imaging. 
A: Long-axis T1-weighted MR image of a schwannoma (asterisk) of the ulnar nerve (arrowheads). Both nerve and tumour appear homogeneously isointense 
to the adjacent muscles. A thin band of intervening hyperintense fat (arrows) is observed between them and the adjacent muscles. 
B: Long-axis fat-suppressed T2-weighted MR image shows higher signal intensity of the mass (asterisk) and better contrast resolution with the adjacent soft-tissues. 
C: MR neurography provides an angiographic-like image of the nerve and tumour (asterisk) over a black background. This advanced technique gets selective 
suppression of any signal from muscles, fat and vessels, thus enhancing the conspicuity of nerve tissue signal. 

A B C
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In the early phases of compression, in-
traneural oedema and venous conges-
tion invariably lead to nerve swelling. 
The increased water content underlying 
nerve enlargement has been found to 
correlate with axon loss (axonotmesis) 

and there is a positive relationship be-
tween nerve CSA and severity of EMG 
findings. The nerve echotexture may 
become uniformly hypoechoic due to 
swollen fascicles packed together and 
reduced echogenicity of the epineurium. 

These changes are more profound in se-
vere longstanding compression. Occa-
sionally, intraneural hyperaemia can be 
appreciated at Doppler imaging (34, 35). 
Similar to US, MR imaging can show 
nerve enlargement, intraneural oedema, 

Fig. 8. Carpal tunnel syndrome. 
A: Long-axis 24-8MHz US image of the median nerve with (B-D) trans-
verse T1-weighted MR imaging correlation. At the distal carpal tunnel 
level, an abrupt narrowing (white arrowheads) of the median nerve (MN) 
is observed between the flexor retinaculum (void arrowheads) and the un-
derlying flexor tendons (FT). More proximally, the compressed median 
nerve appears swollen and hypoechoic (arrows). 
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and gadolinium enhancement as main 
signs of entrapment neuropathy (36, 
37). In addition, it can reveal down-
stream effects such as denervation 
changes in muscle (38-40). 
Although specific sequence protocols 
have not been standardised yet for 
compressive neuropathies, the acquisi-
tion protocol usually includes both T1-
weighted (to demonstrate anatomy) and 
fluid-sensitive sequences (manifesting 
intraneural oedema and characterisa-
tion of any mass lesions) (Fig. 8B-D). 
Acute axonal nerve lesions are depicted 
by high signal intensity on T2-weight-
ed and STIR sequences and increased 
nerve size (41). Intravenous contrast 
administration may be used for distin-
guishing between cystic and soft-tissue 
mass lesions and outlining vascular 
anatomy (42). 
Many inconsistencies are seen in litera-
ture concerning entrapment syndromes 
in nerve measurements related cut-off 
values between normal and pathologic 
states. These issues derive from meth-
odological differences in design and 
technology, measurement errors and 
heterogeneity in the sample population 
among research papers (43, 44).
Although 90% of peripheral nerve en-
trapments involve the median nerve at 
the carpal tunnel, other osteofibrous 
sites of compression are encountered in 
clinical practice.  In ulnar nerve com-
pressive neuropathy at the elbow, for 
example, the second most common en-
trapment neuropathy, the cut-off thresh-
old was between 7.5 to 10 mm2 (45-49) 
when measured proximal to the medial 
epicondyle. Some authors use a CSA at 
its site of maximal enlargement in ex-
cess of 9mm2 or a ratio greater than 2.8 
when compared to a proximal CSA to 
diagnose entrapment. 

Carpal tunnel syndrome
In carpal tunnel syndrome, a number of 
studies have examined the parameters 
of the median nerve that are most useful 
for the diagnosis. It has been shown that 
the nerve cross-sectional area (CSA) is 
significantly greater in patients with 
carpal tunnel syndrome than in con-
trols (50-53). Based on the available 
literature, the most commonly accepted 
CSA threshold to diagnose carpal tun-

nel syndrome is ≥10mm2 at the pisiform 
level or the tunnel inlet (44). Some au-
thors suggest that a CSA of the median 
nerve <8mm2 rules out compression of 
the carpal tunnel, and >14mm2 rules it 
in (54). Other authors have suggested 
that a CSA <6mm2 excludes carpal tun-
nel syndrome, whereas a value >12mm2 
indicates this condition (55). For values 
falling between this range, they suggest 
using the difference between CSA at the 
point of maximum nerve enlargement, 
and the CSA over the proximal aspect 
of the pronator quadratus in the forearm 
(∆CSA). Regarding this latter measure-
ment, a difference >2mm2 proved to 
have 92.5% sensitivity, 96.4% speci-
ficity and 93.9% accuracy (56) for the 
diagnosis. In the presence of a bifid me-
dian nerve (i.e. proximal median nerve 
separation), the same method can be 
used by summing the CSAs of the “ra-
dial” and “ulnar” branches of the nerve 
at the two levels of measurement (57) 
(Fig. 9). 
Other authors proposed the level of 
the distal wrist crease and 12cm proxi-
mally in the forearm for CSA measure-
ment (58). Using this system, an upper 
limit of normal of the wrist-to-forearm 
ratio of 1.4 had 100% sensitivity for 
detecting carpal tunnel syndrome with 
no false positives in the control group 

(58). Differing from the calculation of 
the CSA at the point of maximum nerve 
swelling, patient’s weight, body mass 
index, height and gender do not seem to 
affect the accuracy of wrist-to-forearm 
measurements (59). In a more recent 
study, a correlation between ∆CSA and 
severity of carpal tunnel syndrome was 
found with a ∆ value >6mm2 compat-
ible with moderate severity and >9mm2 

with severe disease (60). 
The use of CSA as a predictive indicator 
of clinical outcome after carpal tunnel 
release remains controversial with con-
flicting evidence (61-63). Initial experi-
ence with US elastography showed that 
the median nerve is stiffer in patients 
with carpal tunnel syndrome compared 
with healthy controls (64, 65).
In carpal tunnel syndrome, intraneural 
hyperaemia seems to correlate with dis-
ease severity and to be a good predic-
tor of median nerve entrapment (35). In 
longstanding compression, irreversible 
intraneural fibrosis may occur. In con-
trast to early disease, nerves with fibrot-
ic changes tend to remain swollen after 
decompressive surgery and to show 
poor functional improvement (61).

Traumatic injuries
The main pathologies involved in nerve 
trauma include penetrating wounds, 

Fig. 9. Dissection of median nerve shows a bifid median nerve at the entry to the carpal tunnel due to 
a high or proximal division (yellow markers).



S-153Clinical and Experimental Rheumatology 2018

Peripheral nerves: updare on US and MRI / I. Möller et al.

stretching and contusion injuries. In 
penetrating injuries, the nerve may be 
completely severed or there may be a 
selective injury involving some of its 
fascicles. At the nerve ends, regener-
ating Schwann cells, disrupted axons, 
proliferating fibroblasts and new ax-
onal sprouts expanding randomly to 
fill the gap between the interrupted 
fascicles, shape a non-neoplastic mass 
reflecting disorganised repair, the so-
called traumatic neuroma (66). 
In complete nerve tears, blunted neuro-
mas develop as small oval mass at the 
opposite edges of the transected nerve 
(Fig. 10A). Stump (terminal) neuromas 
appear as oval hypoechoic masses at 
US and exhibit hyperintense signal on 
fluid-sensitive sequences at MR imag-
ing. Most neuromas have well-defined 
margins but their borders may be poor-

ly defined when they are attached to 
scarring tissue at the wound site (67) 
(Fig. 10B, C). Identification of terminal 
neuromas may help the diagnosis, es-
pecially if the nerve is very small (68).  
In partial nerve tears, US can estimate 
the percentage of injured and preserved 
fascicles using short-axis planes. In 
these cases, a spindle hypoechoic neu-
roma may develop from the injured fas-
cicles possibly extending to the whole 
nerve bundle. US and MR imaging are 
often unable to assess the status of the 
fascicles within the neuroma or predict 
functional outcome and recovery time. 
In this clinical setting, the main role 
of imaging is to provide information 
about the status of the injured nerve and 
especially in deciding whether an early 
surgical treatment should be instituted. 
This is particularly true for minor nerve 

lesions or in cases of nerve impinge-
ment by fracture fragments, metallic 
hardware or fibrous encasement. 
US has a high negative predictive val-
ue in excluding structural nerve dam-
age. Before surgery, careful attention 
should be placed in measuring the gap 
between the nerve ends. For this meas-
urement, the examiner should be aware 
that the neuroma needs to be excised 
at surgical repair.  Therefore, the meas-
urement should be performed not only 
as the end-to-end distance but also add-
ing the neuromas length to the actual 
gap length, starting measurement at the 
base of neuroma where the fascicular 
echotexture is preserved. 
Nerve stretching trauma typically occur 
following sprain or strain injuries. In 
complete nerve laceration, US reveals 
discontinuity of the nerve bundle and its 

Fig. 10. Nerve injuries. Spectrum of imaging appearances in different cases. 
A: Long-axis 17-5MHz US image of a transected sural nerve following a penetrating glass wound. A small stump neuroma (arrow) is observed in continuity 
with the proximal nerve end (arrowheads). 
B: Long-axis 17-5MHz US image of a severed tibial nerve in the distal leg by a penetrating injury. The proximal and distal nerve ends (solid arrowheads) 
are kept close with each other by scarring tissue without stump retraction. Vacant arrowheads indicate the wound path. 
C: Coronal T2-weighted MR image over the mid-thigh in a patient with exposed femoral shaft fracture after a traffic accident demonstrates laceration of the 
sciatic nerve with a haematoma (asterisk) filling the gap between the proximal (white arrowheads) and distal (distal arrowheads) nerve ends. 
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fascicles and a wavy course of the re-
tracted nerve ends (69). In the acute set-
ting, US has advantages over MR imag-
ing in defining the exact position of the 
nerve ends because oedematous chang-
es, haemorrhage and disrupted tissues at 
the site of injury may lead to high inten-
sity signal in the nerve surroundings on 
fluid-sensitive sequences, thus impair-
ing detection of the nerve ends. In the 
absence of laceration, a fusiform hypo-
echoic swelling with loss of the fascicu-
lar echotexture may develop reflecting a 

spindle neuroma with fibrosis internal to 
a non-disrupted nerve trunk (70). 
Nerve stretching injuries commonly 
occur at the brachial plexus level fol-
lowing traffic accidents (71). Stretching 
injuries may also occur where nerves 
pierce fascial planes. In case of minor 
stretching trauma, imaging may be 
negative. Symptoms include burning in 
the territory of nerve distribution and 
some numbness, but these symptoms 
self-limited and totally reversible. Con-
tusion trauma most often occurs at the 

points at which nerves run closely ap-
posed to bony surfaces and are, there-
fore, vulnerable to external pressure. 
Most injuries are readily reversible and 
there is no need for imaging. In severe 
cases, nerve contusion leads to develop-
ment of a segmental fusiform thicken-
ing of the nerve at the site of trauma. At 
certain sites (e.g. ulnar nerve instability 
at the epitrochlear groove), the outer 
epineurium may appear thickened as a 
result of fibrotic changes, a condition 
which is also known as friction neuritis. 

CB

A

Fig. 11. Chronic inflammatory demyelinating polyneuropathy. 
A: Long-axis and (B) short-axis 12-5MHz US images of the median nerve (arrows) at the middle forearm shows hyperechoic fascicles characterised by 
alternating thinned (void arrowheads) and thicker (white arrowheads) segments. 
C: Correlative axial fat-suppressed T2-weighted MR image reveals variable fascicular size and hyperintense signal reflecting oedema and inflammatory 
infiltrates.
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Polyneuropathies
The term “polyneuropathies” encom-
passes a clinically heterogeneous group 
of inherited and immune-mediated dis-
orders of the peripheral nervous sys-

tem. In Charcot-Marie-Tooth disease, a 
marked generalised nerve enlargement 
characterises the autosomal dominant 
type, 1A (72). US reveals markedly en-
larged nerves with preserved fascicular 

pattern (73, 74). Approximately 3-3.5-
fold enlargement of the nerve CSA has 
been observed as compared to controls 
in both median and ulnar nerves (73). 
No correlation was found between 
nerve or fascicle size and conduction 
velocities (73). 
US can aid in classifying the neu-
ropathy as demyelinating or axonal 
when electrophysiological studies are 
inconclusive. It may also be useful in 
patients with unrecognised disease and 
non-specific symptoms. 
In the hereditary neuropathy with li-
ability to pressure palsies (HNPP), US 
can help the diagnosis when unexpect-
ed focal CSA abnormalities are recog-
nised along the nerve course, external 
to common entrapment sites. This may 
be relevant for identifying the disease 
when family history is negative and ge-
netic tests are not available (75). When 
nerve enlargements occur within oste-
ofibrous tunnels, the increased nerve 
CSA may mimic an entrapment neu-
ropathy (76). In these instances, HNPP 
may go unnoticed. 
Immune-mediated (dysimmune) poly-
neuropathies include Guillain-Barré 
syndrome, chronic inflammatory de-
myelinating polyradiculoneuropathy 
(CIDP) and multifocal motor neuropa-
thy (MMN). Because these disorders re-
spond to appropriate therapy, their early 
recognition and treatment prior to the 
onset of axonal loss is critical to improve 
the patient outcomes. Unfortunately, an 
early diagnosis is not straightforward 
based on clinical findings and electro-
physiological testing, and the disorder 
often remains unrecognised (77, 78). 
Unfortunately, nerve imaging appears 
unlikely to be useful for early diagnosis 
of Guillain-Barré syndrome.
In contrast to Guillain-Barré syndrome, 
US can contribute to identify nerve ab-
normalities in chronic inflammatory de-
myelinating polyneuropathy (CIDP). In 
this disorder, focal nerve swelling at the 
site of conduction blocks can be identi-
fied with US and MR imaging (74, 79). 
The fascicles may appear individually 
swollen with alternating thick and thin 
segments (80, 81) (Fig. 11A, B). An 
inverse correlation between CSA and 
nerve conduction velocity has been ob-
served (74). The thickened segments 

Fig, 12. Neurofibromatosis. 
A: Short-axis 12-5MHz US im-
age of the bicipital sulcus with 
correlative (B) sagittal MR neu-
rography in a patient with type-
1 neurofibromatosis. Multiple 
neurofibromas are found arising 
from the fascicles of the me-
dian nerve (arrows) that looks 
abnormally enlarged. Note the 
size of the brachial artery (ar-
rowhead) for comparison. In 
many lesions, the “target sign” 
consisting of an extended hy-
perechoic centre (1) surrounded 
by a smaller hypoechoic halo 
(2) is appreciated.
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may show marked hyperintensity on 
fluid-sensitive sequences at MR imag-
ing as a result of intraneural oedema, 
inflammatory infiltrates and demyelina-
tion (82) (Fig. 11C). During treatment, 
some progression toward normalisa-
tion can be seen in the appearance of 
the affected fascicles before any neuro-
physiological sign of return to normal 
becomes apparent (83, 84). Similar to 
CIDP, US can detect multifocal nerve 
swellings in multifocal motor neuropa-
thy (85).

Nerve tumours 
Benign peripheral nerve sheath tu-
mours are derived from the Schwann 
stem cell and include schwannoma 
(also called neurinoma or neurilem-
moma) and neurofibroma (86). The US 
diagnosis of these tumours basically 
relies on detection of a soft-tissue mass 
in continuity with a nerve at its proxi-
mal and distal poles (87, 88) (Fig. 7A). 
This feature is diagnostic but it may 
not be manifest in cases of tumours 
arising from too small and distal nerve 
branches. In this instance, the appear-
ance of nerve tumours is non-specific 
and cannot be distinguished from other 
soft-tissue masses. 
A rim of fat (the fat-split sign) suggest-
ing an origin of the mass from the inter-
muscular space or about a neurovascular 
bundle is another valuable finding (Fig. 
7A). Schwannomas typically appear 
as eccentrically placed globoid masses 
(88, 89). They arise from an individual 
fascicle which remains in-axis with 
the mass, whereas the spared fascicles 
are splayed about the neoplasm. Large 
masses may contain calcified foci, fluid-
filled areas (cystic schwannomas) and 
internal degenerative changes with cal-
cifications (ancient schwannomas). 
Neurofibromas are intimately associ-
ated with the parent nerve and may 
exhibit a “target sign” consisting of a 
hyperechoic fibrous centre surround-
ed by a peripheral hypoechoic rim of 
myxomatous tissue (90). Three types 
of neurofibromas have been described 
on histopathology: localised, diffuse 
and plexiform. The localised variety 
represents approximately 90% of these 
lesions (86, 89). Diffuse neurofibromas 
present as a plaque-like elevation of 

the skin with regional thickening of the 
subcutaneous tissue. All three types of 
neurofibromas can be associated with 
type-1 neurofibromatosis. Plexiform 
neurofibromas are pathognomonic for 
this entity, usually involving a long 
nerve segment and its branches with 
tortuous expansion, and their gross ap-
pearance has been described as a “bag 
of worms” (86) (Fig. 12). 
Malignant transformation in neuro-
fibromatosis has been reported to occur 
from 2% to 29% of cases (89). Malig-
nant peripheral nerve sheath tumours 
tend to be larger than benign forms and 
may exhibit indistinct margins, periph-
eral enhancement pattern, intratumour 
cystic areas and perilesional oedema as 
a result of infiltrative growth (91, 92). 

Conclusions
US and MR imaging have had a pro-
found impact on the understanding, 
diagnosis and treatment of disorders of 
the peripheral nervous system which 
will continue to expand as our knowl-
edge of these fascinating structures 
continues to grow. Many of these disor-
ders are the result of systemic diseases 
within the realm of rheumatic practice. 
As rheumatologists continue in their 
admirable pursuit to utilise and improve 
their proficiency with these imaging 
modalities, a deep understanding of the 
PNS is essential.
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