
REVIEW ARTICLE

High-resolution 3-T MR neurography
of peroneal neuropathy

Avneesh Chhabra & Neda Faridian-Aragh &

Majid Chalian & Theodoros Soldatos &

Shrey K. Thawait & Eric H. Williams & Gustav Andreisek

Received: 28 December 2010 /Revised: 22 February 2011 /Accepted: 28 February 2011 /Published online: 18 March 2011
# ISS 2011

Abstract The common peroneal nerve (CPN), a major
terminal branch of the sciatic nerve, can be subject to a
variety of pathologies, which may affect the nerve at any
level from the lumbar plexus to its distal branches.
Although the diagnosis of peripheral neuropathy is tradi-
tionally based on a patient’s clinical findings and electro-
diagnostic tests, magnetic resonance neurography (MRN) is
gaining an increasing role in the definition of the type, site,
and extent of peripheral nerve disorders. Current high-field
MR scanners enable high-resolution and excellent soft-
tissue contrast imaging of peripheral nerves. In the lower
extremities, MR neurography has been employed in the
demonstration of the anatomy and pathology of the CPN, as
well as in the detection of associated secondary muscle
denervation changes. This article reviews the normal
appearance of the CPN as well as typical pathologies and

abnormal findings at 3.0-T MR neurography of the lower
extremity.

Keywords Peroneal nerve . High-resolution MRI .MR
neurography

Introduction

The common peroneal nerve (CPN) is a major terminal
branch of the sciatic nerve. It can be subject to a variety of
pathologies, which may affect the nerve at any level from
the lumbar plexus to its distal branches. Although the
diagnosis of peripheral neuropathy is traditionally based on
the patient’s history, clinical findings, and electrodiagnostic
tests, we have observed an increasing need for imaging of
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peripheral nerves in our clinical routine. Common reasons
for referrals include the definition of the type, site, and
extent of the peripheral nerve disorders. MR imaging has
been employed to show the normal anatomy and pathology
of the peripheral nerves, as well as to detect associated
secondary muscle denervation changes [1–3]. 3.0-T MR
scanners enable high-resolution and excellent soft-tissue
contrast imaging and at present need to be considered state-
of-the-art for the imaging of relatively small anatomic
structures such as peripheral nerves. High-resolution MR
imaging of nerves is referred to as MR neurography (MRN)
by some authors [4]. Literature is sparse with regard to
imaging of the CPN. There are some case reports
describing the role of ultrasound (US) and some articles
describing the use of magnetic resonance (MR) imaging in
depicting mass lesions of the CPN, including ganglion cysts
[5–11]. However these occasional reports and articles do
not provide a comprehensive overview on CPN patholo-

gies, nor do they include current magnetic resonance (MR)
imaging techniques such as the use of 3.0-T MR scanners.
The aim of this article is to provide a comprehensive review
of the normal appearance of the CPN, as well as of typical
pathologies and abnormal findings at 3.0-T MRN of the
lower extremity.

Normal anatomy and potentials sites of compressive
injuries

The mixed motor and sensory sciatic nerve originates from
the L4-S2 nerve roots of the LS plexus and is composed of
tibial and common peroneal nerve components, which are
enclosed in a common nerve sheath. The nerve leaves the
pelvis via the greater sciatic notch, coursing beneath the

Fig. 1 Anatomical diagram demonstrating sites of entrapment of the
peroneal nerve

Fig. 2 Normal MRN appearance. Axial T2 SPAIR (a) and T1W (b)
images through the superior aspect of the popliteal fossa shows
normal intermediate fascicular appearance of the tibial (small arrow)
and common peroneal (large arrow) components of the sciatic nerve
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piriformis muscle. The CPN and tibial nerve (TN) remain
as separate components of the sciatic nerve throughout their
course in the thigh without intermingling of their fascicles.
The adductor magnus, semimembranosus, and semitendi-
nosus muscles and the long head of the biceps femoris are
innervated by motor branches arising from the TN
components of the sciatic nerve. The only muscle that is

innervated by the CPN components of the sciatic nerve
above the knee is the short head of the biceps femoris. In
the distal thigh, the sciatic nerve separates into the CPN and
TN [12]. The CPN (L4-S1 nerve roots) descends obliquely
along the lateral side of the popliteal fossa, posterior to the
short head of the biceps femoris muscle and subsequently
lateral and superficial to the lateral head of the gastrocne-

Table 1 3-T MRN examination protocol for the evaluation of
common peroneal neuropathy. MR magnetic resonance, TSE turbo
spin echo, STIR short tau inversion recovery, SPAIR spectral adiabatic
inversion recovery, 3D DW-PSIF three-dimensional diffusion-
weighted reversed fast imaging with steady-state precession (fat-
suppressed sequence with a diffusion moment- b value of 80–90 s/mm2),

sampling perfection with application optimized contrasts using varying
flip angle evolutions, siemens, erlangen, Germany. Field of view
(generally 5 cm above and 15 cm below the knee joint line) is
presented in cm, slice thickness in mm, in plane resolution in mm, and
TR/TE in ms. TF turbo factor, PD proton density

MR sequence FOV In plane resolution Slice thickness TR/TE/TF

Axial T1 TSE 20–22 0.6 3 550/7.9/3

Axial T2 SPAIR TSE 20–22 0.6 3 2840/67/19

Coronal PD 20–26 0.6 3 4100/37/11

3D SPAIR SPACE 20–26 1.0 Isotropic (1 mm) 1020/91/119

Sagittal T2 SPACE 20–26 1.0 Isotropic (1 mm) 1300/87/71

3D DW-PSIF 20–26 0.9 Isotropic (0.9 mm) 10/5/7

Fig. 3 Lumbar plexopathy with
foot drop. Axial T2 SPAIR
images through the lumbosacral
region (a) and distal thighs (b)
in a 50-year-old woman, status
post recent lumbar spine surgery
and left foot drop. Notice ab-
normal T2 hyperintensity and
mild asymmetric enlargement of
the left L5 (small arrow) and S1
(large arrow) nerve roots (a)
adjacent to the susceptibility
artifacts from the surgical hard-
ware. The image through the
distal thigh show abnormal
asymmetric T2 hyperintensity of
the left sciatic nerve (large
arrow) as compared to the right
sciatic nerve (small arrow)
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mius muscle. It gives rise to the lateral cutaneous nerve of
the calf, while the medial cutaneous nerve of the calf arises
from the TN. The lateral and medial cutaneous nerves of
the calf combine distally in the calf to form the sural nerve.
More inferiorly, the CPN winds around the neck of the
fibula in the peroneal tunnel between the two heads of the
peroneus longus muscle and divides into the deep and
superficial peroneal branches (Fig. 1). Due to its longer
course and relatively fixed position, the CPN is more
commonly affected than its tibial counterpart in peripheral
compression neuropathies. This is especially seen at the
peroneal tunnel, where repeated peroneal muscle contrac-
tions related to plantar flexion or ankle inversion actions
leads to nerve compression in the tunnel against the fibular
neck (Fig. 1) [13, 14]. The CPN and its branches provide
motor innervation to the anterior and lateral compartment
muscles of the lower leg, as well as sensory innervation to
the anterolateral leg and dorsum of the foot. The anatomical
configurations of the reinforcement of the deep fascia,
adherence of the CPN to the tendon of the biceps femoris
and the reinforced fascia as well as soleus and gastrocne-
mius muscles afford the required protection for the nerve
[15, 16]. As the CPN winds around the lateral aspect of the
fibular neck, it terminates by dividing into its two
superficial and deep branches. The superficial peroneal
nerve lies on the anterior intermuscular septum beneath the
peroneus longus muscle and supplies both the peroneus
longus and brevis muscles. It pierces the crural fascia of the
leg, approximately 12 cm above the lateral malleolus, to
travel within the subcutaneous tissues as a sensory nerve.
At this point, the crural fascia may compress the nerve (the
SPN syndrome). The deep peroneal nerve passes proximal-
ly through the peroneal compartment before piercing the
lateral intermuscular septum and entering into the anterior
compartment. It supplies the muscles of the anterior
compartment (tibialis anterior, extensor digitorum, extensor
hallucis longus, peroneus tertius, and extensor digitorum
brevis) [13–17].

Common etiologies and pathologies of CPN neuropathy

CPN neuropathy is the most frequently encountered
mononeuropathy in the lower extremity. The CPN may be
host to a large variety of diseases, which can be categorized
into two large groups. The first group includes systemic
diseases, such as systemic inflammations and metabolic
disorders such as diabetes amyotrophy, diffuse peripheral
polyneuropathies, hyperlipidemia, etc [18–22]. Local con-
ditions such as lumbar plexopathy, sciatic neuropathy,
perineural compressive lesions, infections, nerve sheath
tumors, and ganglion cysts belong to the second group.
Functional anatomical changes, such as habitual leg
crossing and repetitive exercise involving inversion and

pronation in runners and cyclists, may also cause stretch
injury to the CPN. In a large series, the relative distribution
of cases of peroneal mononeuropathy were as follows: due
to prolonged crossed legs posture (23.1%), surgery
(20.3%), idiopathic (16%), weight loss (14.5%), trauma
(11.6%), bedridden condition (7.3%), external compression
from cast (5.8%), and ganglion cyst at the fibula (1.4%)
[18]. Additionally, branches of the CPN may be involved in

Fig. 4 Sciatic neuropathy with foot drop. Axial T2 SPAIR images
through the left hip (a) and distal thigh (b) in a 9-year-old boy, status
post recent left femoral fracture surgical fixation presenting with left
foot drop. Notice abnormal T2 hyperintensity of the left sciatic nerve
(small arrow) adjacent to the susceptibility artifacts from the surgical
hardware (large arrow). The image through the distal thigh (b) shows
abnormal T2 hyperintensity of the left TN (small arrow), CPN (large
arrow) as well as lateral cutaneous nerve of the calf (small
arrowhead). Notice denervation edema like T2 SI in the biceps
femoris muscle (larger arrowhead)
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various compartment syndromes, such as the deep peroneal
nerve in the anterior compartment syndrome and the
superficial peroneal nerve in the lateral compartment
syndrome [13–16].

Clinical findings

Clinical findings depend on the level of the nerve injury or
site of entrapment. Peroneal nerve lesions at the level of the
LS plexus, thigh and knee usually result in difficulty in
ambulation secondary to weakness of the ankle dorsiflex-
ors. Loss of sensation in the cutaneous distribution of the
superficial and deep peroneal nerves may also be noted. In
traumatic injury, pain secondary to soft-tissue swelling and
inflammation may be present. In general, in CPN injury and
entrapments, due to the particular arrangement of the
fascicles, motor deficits are more commonly seen than the
sensory deficits. The motor fascicles are located more
medially than the more superficially located lateral sensory
fascicles [17].

Tapping of the nerve at the fibular styloid process may
produce pain and tingling (Tinel sign) in the sensory
distribution of the peroneal nerve. Examination often

reveals a variable pattern of weakness, generally worse in
the extensor digitorum brevis muscle. In a pure common
peroneal neuropathy, plantar flexion and ankle inversion,
which are mediated by the tibialis posterior muscle, are
generally spared. In lesions around the fibular neck,
complete absence of sensation is noted along the antero-
lateral portion of the leg and dorsum of the foot, while
lateral calf sensation (LCN innervation) and action of the
short head of the biceps femoris are usually spared [13, 23].
In superficial peroneal nerve syndrome, commonly seen
with exercise in runners and cyclists, sensory loss in
anterolateral distal leg and the dorsum of the foot is
present. In deep peroneal nerve syndrome, the sensory loss
is observed over the dorsum of the foot, but the leg is
spared. The diagnosis may be confirmed with electromy-
ography (EMG) and nerve conduction studies (NCS).
However, these studies are invasive, may be indeterminate
at times, and do not reveal information about the extent of
the injury, neuroma formation, nerve discontinuity or the cause
of entrapment. In clinical practice, infectious, inflammatory
and/or metabolic causes, functional neuropathies and compart-
ment syndromes are usually diagnosed by more conventional
means, e.g., history, physical exam, and/or electrodiagnostic

Fig. 5 Sciatic- Neurotmesis. 53-year-old woman, status after recent
knee replacement, presenting with foot drop. MIP image from an
oblique sagittal reconstructed 3D STIR SPACE image (a) through the
thigh shows abnormally enlarged and T2 hyperintense neuromatous
sciatic nerve (large arrows) terminating in an area of hemorrhage

(small arrow) in keeping with neurotmesis. Notice artifacts from the
knee prosthesis (arrowhead). Axial T2 SPAIR image through the
distal thigh (b) confirms the focal hemorrhage (T2 hypointensity) at
the site of nerve transection (large arrow). Notice normal right sciatic
nerve (small arrow)
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tests. MRN is best used for entrapment neuropathies, assess-
ment of the extent of injury, and mass lesions.

MR imaging evaluation and normal nerve appearance

Due to the continuous technological advancements in MR,
this modality has been playing an increasingly important
role in the diagnostic algorithm of peripheral nerve diseases
[1, 5, 7, 9–11, 24]. MRN can depict subtle T2 signal and
fascicular abnormalities and secondary muscle denervation
changes and evaluate the sciatic nerve and the deeply
situated LS plexus nerve roots [1, 2].

Primary interpretation of sciatic and CPN anatomy and
pathology is accomplished on axial T1-weighted (T1W)
and T2-weighted (T2W) MR sequences with fat satura-
tion (e.g., SPAIR, spectral adiabatic inversion recovery;
Siemens Medical Solutions, Erlangen, Germany). The
normal LS plexus and sciatic nerves in pelvis and thighs
usually show symmetrical isointense signal intensity (SI)
on T1W and minimally hyperintense SI to muscle on fat-
saturated T2W MR images. The TN and CPN compo-
nents of the sciatic nerve can be easily separated on the
MR images (Fig. 2). In our experience, the normal TN is
always isointense to muscle on all sequences throughout
its course from the popliteal fossa to the ankle joint,
where it finally divides into the calcaneal, medial planter,
and lateral planter nerves. The CPN may show minimally
increased T2 signal intensity as it travels obliquely
through the popliteal fossa, probably related to magic
angle artifacts. The signal intensity returns to isointensity,
as it lies beneath the deep fascia of the posterior knee and
in the region of the peroneal tunnel. In general, the MR
appearance of the nerves should be symmetrical and any
asymmetricity in the T2 signal intensity, localized or
generalized increase in nerve size, epineurial disruption or
thickening and course deviation or change in fascicular
morphology (fascicular enlargement, disruption or efface-
ment) points to an abnormality in the nerve. In cases of
suspected tumors and the post-surgical cases, as well as
the diffuse peripheral nerve lesions such as infections and
inflammations, intravenous contrast medium may be used
to characterize the lesions. Contrast medium helps in
differentiation of post-traumatic neuromas, which usually
do not enhance, versus the peripheral nerve sheath tumors,
which usually do enhance [1]. However, contrast is usually
not helpful in routine cases of traumatic or entrapment
neuropathies. The authors do not routinely use contrast for
these routine MRN exams at their institute.

Recently, three-dimensional pulse sequences such as 3D
STIR SPACE, 3D SPAIR SPACE, and 3D T2 SPACE (3D
= three-dimensional, STIR = short tau inversion recovery,
SPACE = sampling perfection with application optimized
contrasts with varying flip-angle evolutions) have been

introduced on 3-T scanners. These sequences exhibit a spin
echo-type image contrast and allow isotropic imaging as well
as multiplanar (MPR) and curved planar reconstructions
(CPR) [25]. Another recent development is a hybrid
sequence with low diffusion weighting (b-80-90 s/mm2)
and steady-state nature, 3D DW PSIF (DW = diffusion-
weighted, PSIF = reversed fast imaging with steady state
precession), an MR sequence that enables excellent suppres-
sion of adjacent vessels and creation of nerve-selective
images [26]. The use of dedicated workstations with MPR,
CPR, and maximum intensity projection (MIP) capability is
recommended to reformat the sciatic nerve, CPN and their
branches, along the long nerve axis. Although, inline

Fig. 6 CPN- Neurapraxia. Axial T2 SPAIR images through the right
leg at the level of the popliteal fossa and the fibular head in a 53-year-
old woman, status post recent exertion (snow shoveling) presenting
with acute right foot drop. There is normal T2 SI on the superior
image (a) and abnormal T2 hyperintensity of the right CPN at the
fibular tunnel (b) (arrows). The patient improved over a few weeks
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Fig. 7 CPN- Axonotmesis. 22-
year-old man, status post previous
rotational injury, anterior cruciate
ligament disruption and postero-
lateral corner injury. The patient
presented with partial foot drop
and pain along peroneal nerve
distribution a few months follow-
ing the ACL reconstruction. Axial
T2 SPAIR image (a) through the
superior aspect of the popliteal
fossa shows mildly T2 hyperin-
tense TN (small arrow) in keep-
ing with mild neuropathy. Notice
fascicular disruption with intact
epineurium and abnormal fluid-
like T2 hyperintensity of the
enlarged CPN (large arrow).
Sagittal reconstruction from the
3D STIR SPACE image (b)
confirms the neuroma in conti-
nuity involving the CPN (large
arrows)

Fig. 8 CPN- Neurotmesis. 42-
year-old woman, status after
previous knee injury with foot
drop. Coronal reconstructed 3D
non-fat-saturated T2 SPACE
image (a) through the leg shows
abnormally enlarged and T2
hyperintense CPN (large arrow)
terminating in an area of fibrosis
(small arrows) in keeping with
neurotmesis. Sequential axial T2
SPAIR images through the pop-
liteal fossa and the proximal calf
(b, c) confirm the fibrosed T2
hypointense CPN (small arrow
in b) and biceps femoris (large
arrow in b) and extensor com-
partment denervation changes
(large arrow in c). Mild non-
specific edema of the gastroc-
nemius muscle was also noted
(small arrow)
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reformatting can be performed during the routine readouts, it
can be demanding for the PACS systems. We have noticed
that reformatting performed on Siemens software (Leonardo)
or other offline software, such as Vitrea (Vital images) or

Centricity (GE) yields better reconstructions and superior
image resolution.

With 3-T MR imaging, larger regions of the body can be
imaged using large fields of view with uniform magnet
homogeneity, even in off-center areas. In addition, frequent
use of water-selective fat saturation (Dixon) techniques
provides more robust fat suppression. It is prudent to
protocol the MRN exam following discussions with the
referring physicians or based on the available clinical and
electrodiagnostic information for optimal imaging of a pre-
determined anatomical area. In certain cases, however, this
pre-selection of the field of view is not possible, and
multiple areas of the body can be quickly screened using T1
and STIR images at a lower spatial resolution. Then, the
prospectively determined target area should always be
evaluated using high-resolution MRN sequences. Table 1
shows the imaging protocols used in our department for the
detection of CPN pathology. A similar protocol can be used
for sciatic pathology and LS plexus evaluation. In the
authors’ experience, the main difference is that 3D SPAIR
SPACE works better in the extremities with better SNR,
while 3D STIR SPACE works better for the LS plexus with
better fat saturation. For image reception, the authors use an
eight-channel knee coil (InVivo Corporation, Orlando, FL,
USA), or a four-channel phased array flexible surface coil
(Siemens Medical Solutions, Erlangen, Germany) depending
upon the coverage needed. Although, knee coil provides the
best resolution, its field of view is limited to 12–15 cm.

The regional muscle denervation changes of edema-like T2
SI in early stages of nerve entrapment/injury and increasing
fatty replacement and atrophy in subacute and chronic stages,
serve as useful secondary findings of neuropathy. Involve-
ment of the tibialis anterior and extensor digitorum muscles
indicate DPN lesions; SPN lesions involve the peroneus
longus/brevis muscles; and the CPN lesions involve both of
these muscle groups. L5 lesions, a clinical differential
diagnosis of CPN lesion, typically involve the popliteus and
posterior tibial muscles as well. More extensive denervation
abnormalities are associated with nerve abnormalities of the
LS plexus and the sciatic nerve [22]. In general, MRN
examination should be tailored to the suspected site of
pathology based on clinical and EMG findings.

�Fig. 9 Sural nerve neurotmesis. 30-year-old man, status after recent
dog bite and skin laceration in posterior calf, presenting with shooting
pain along the sural nerve distribution. Axial T1W (a) and T2W
SPAIR (b) images through the proximal calf shows abnormally
enlarged neuromatous medial cutaneous nerve (MCN) of the calf
(large arrow) and fibrosis as well as edema in the expected location of
the lateral cutaneous nerve (LCN) of the calf (small arrow) from direct
injury. Notice large defect in the skin and dermis at the expected
location of the sural nerve (arrow in c). Surgery confirmed complete
sural nerve and LCN transection
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Fig. 10 Double entrapment. 36-
year-old man with right leg pain
and positive Tinel signs at the
peroneal tunnel and posterior
upper calf. Axial T2W SPAIR
image (a) through the upper calf
shows abnormal T2 hyperinten-
sity of the TN just proximal to
the soleal sling entrapment site
(small arrow) as well as of the
CPN just proximal to the fibular
tunnel (large arrow). Sagittal
reconstruction from 3D T2
SPACE sequence (b) shows ab-
normally flattening of the tibial
nerve at the entrapment site
(arrows)

Fig. 11 Sciatic lymphoma. 67-
year-old woman being treated
for B-cell lymphoma, presents
with right leg pain and foot
drop. Axial T2W SPAIR image
(a) through the distal thighs
shows abnormally enlarged
neuromatous right sciatic nerve
(large arrow), diagnosis was
confirmed on surgical biopsy.
Notice the normal left sciatic
nerve (small arrow). Post-
contrast fat-suppressed coronal
T1W image (b) shows patchy
enhancement in the lesion in
keeping with known history of
lymphoma (arrow)
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Lumbar plexopathy and sciatic neuropathy

Common causes for neuropathies affecting the CPN, which
are primarily located above the knee, include lumbar

plexopathies, L5 radiculopathy, and sciatic neuropathy
[27]. A variety of lesions can involve L4-S1 nerve roots,
resulting in lumbar plexopathy, sciatic neuropathy, and

Fig. 12 CPN perineuroma. 13-
year-old boy presenting with
gradual onset of foot drop over a
6-month period. Axial T2W
SPAIR (a) image through the
distal thigh shows abnormally
enlarged neuromatous CPN
(arrow) and enlarged fascicles in
a biopsy proven perineuroma.
Coronal 3D DW PSIF image (b)
shows the full extent of this
surgically proven mass lesion
(large arrow) with proximal
enlarged abnormally hyperin-
tense nerve (small arrow) and
normal distal nerve (arrowhead)

Fig. 13 Schwannomatosis with CPN involvement. 19-year-old man
presenting with right leg pain over a 6-month period. Coronal STIR
image (a) through the leg shows multiple PNSTs involving the CPN
(arrows) and the TN (arrowhead)

Fig. 14 Neurofibromatosis with CPN involvement. 31-year-old
woman presenting with right leg pain. Coronal STIR image through
both legs shows numerous PNSTs involving bilateral sciatic nerves
(large arrows) as well as TN (small arrows) and CPN (arrowheads)
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CPN neuropathy. These lesions include degenerative
spondylotic changes, infectious and/or inflammatory
etiologies, tumors, trauma, spine surgery, ischemic, and
metabolic causes, etc. [19]. On MRN, there may be
abnormal T2 hyperintensity, enlargement and/or course
deviation of one or multiple nerve roots, based on the site
of pathology (Fig. 3). The complication rate of nerve root
injury from lumbar disc surgery ranges from 0.7 to 2.2%.
Postoperative radicular neuromas must be considered in the
differential diagnosis for patients with failed back surgery
syndrome [28]. In the latter case, the sciatic nerve and CPN
nerve may demonstrate asymmetry of the SI and/or size, as
well as an abnormal fascicular pattern. The regional muscle
denervation changes may be apparent in the paraspinal
region in isolation or together with muscles in multiple
compartments of the leg, depending upon the extent and
distribution of the injury.

Traumatic neuropathy

Femoral fracture/dislocations and their repairs by surgical
fixation may be complicated by sciatic nerve injury and
palsy in approximately 4% of cases (Fig. 4) [29]. Iatrogenic
sciatic nerve injuries may occur during hip and knee
prosthesis placement. Patient typically develops an acute
foot drop after surgery (Fig. 5). The CPN may be subject to
direct penetrating or blunt trauma. Common scenarios
include fibular fracture, knee dislocation, posterolateral
corner injury and repair, as well as direct laceration, such
as from a dog bite (Figs. 6, 7, 8). The CPN is the most
frequently injured peripheral nerve, however, its branches,
such as superficial peroneal nerve and lateral cutaneous
nerve of the calf may also be injured in isolation (Fig. 9)
[11, 30–32]. The superficial peroneal nerve maybe injured
by trauma or during surgery, especially around the ankle

Fig. 15 Idiopathic polyneurop-
athy with foot drop. 60-year-old
man with left leg pain and foot
drop. Axial T2W SPAIR image
(a) shows multifocal lumbosa-
cral plexus enlargement
(arrows). Coronal reformat from
3D STIR SPACE image (b)
through the lumbosacral plexus
confirms the multifocal diffuse
peripheral nerve enlargement
(arrows) in keeping with EMG
diagnosis of multifocal neurop-
athy. No specific cause could be
discerned
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[33]. According to the Seddon classification, nerve injuries
may be mild (neurapraxia: stretch or ischemic injury,
Fig. 6), moderate (axonotmesis: partial discontinuity with
or without formation of neuroma in continuity, Fig. 7) or
severe (neurotmesis: complete discontinuity, Figs. 5, 8, 9)
[1, 2]. Mild-moderate nerve abnormalities on MRN should
be differentiated from the nerve discontinuity of severe
nerve injury, which requires immediate surgery. MPR using
3D images is particularly helpful in depicting fascicular
abnormality, neuroma in continuity and physical nerve

discontinuity (Figs. 5, 7, 8). Extensor compartment muscle
denervation changes serve as useful secondary signs of
nerve abnormality (Figs. 8b, c, 16b). Metal suppression
techniques should be used in all current MR imaging
protocols for post-surgical patients (e.g., increasing the
receiver bandwidth or matrix size, higher echo train length,
use of lower TE, use of fast spine echo sequences and
avoidance of gradient echo sequences, etc.) to be able to
depict the extent of the nerve injury even in patients with
extensive metal hardware such as prostheses. Demonstration
of any nerve discontinuity (neurotmesis) is an indication for
an immediate re-surgery and nerve repair. Nerve regeneration
following CPN repair is poor as compared to other peripheral
nerves. The surgical outcome can dramatically be improved
when tibialis posterior tendon transfer procedures are per-
formed along with CPN repair [34].

Entrapment neuropathy

While the CPN may be entrapped at any level along its
course, the most common location is within the peroneal
tunnel due to the fixed nerve position between the bone and
the fascia. The lesions may result from pressure on the
nerve at the fibular neck during sleep, from habitual leg
crossing, anorexia, or following bariatric surgery (from
rapid weight loss). However, nerve compression can also
result from space-occupying lesions, including ganglion
cysts, large baker cysts, soft-tissue tumors, osteochondro-
mas, and other bony tumors, malunited fractures, tight leg

Fig. 16 Amyloid neuropathy with foot drop. 45-year-old white man
with right leg pain and foot drop. Coronal reformat from 3D STIR
SPACE image (a) through the lumbosacral plexus shows diffuse LS
plexus and sciatic nerve enlargement (large arrows) with enlarged
fascicles and multifocal masses (small arrow). Biopsy confirmed the
diagnosis of amyloid deposition. Axial T2W SPAIR image through
the calf (b) confirms the extensor compartment muscle denervation
changes (arrow)

Fig. 17 Post-radiation change. 37-year-old asymptomatic man, status
post-surgery and radiation treatment for myxoid liposarcoma. Axial
T2W SPAIR image through the distal thigh shows enlarged and T2
hyperintense TN (large arrow), CPN (arrowhead) and post-treatment
changes (small arrows)
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cast [5, 8, 10, 13, 16, 18, 21, 22, 35–37], post-traumatic
hematoma, postsurgical scar [38], and posterior tibial artery
aneurysm [5]. The peroneal ganglia have been reported as
an important cause of neuropathy. The most widely
accepted theory describes the formation of ganglion as a
result of the synovial extension along an intra-articular
branch of the CPN from the proximal tibiofibular joint [10,
37, 39]. With dynamic pressure changes, these ganglia may
vary in size and may involve various branches of the CPN
or the sciatic nerve with either anterograde or retrograde
extension [37, 39]. In our experience, these ganglia are very
rare. Instead, it is much more common to find focal
entrapment of the CPN at the fibular tunnel by thickened
fascia or perineural fibrosis. The most common location of
SPN entrapment is at the segment where it pierces the
crural fascia [33]. MRN may directly show the cause and/or
the site of entrapment. Typically, an abnormal nerve T2
hyperintensity of the CPN at and just proximal to the
compression site, along with nerve flattening at the site of
entrapment is seen. Regional muscle denervation changes
may be apparent. Less commonly, dual entrapment of the
TN at the soleal sling site and CPN at the fibular tunnel
may occur, thereby leading to generalized leg weakness,
calf and anterolateral leg pain, as well as corresponding
positive Tinel sign at the above-mentioned sites [32].
Abnormalities of both TN and CPN should be sought for
on these high-resolution examinations (Fig. 10).

Tumor and tumor-like conditions

The CPN may be affected by tumors involving the sciatic
nerve, space-occupying lesions adjacent to the sciatic nerve
(Fig. 11) or the CPN, or be directly involved by tumors,
such as peripheral nerve sheath tumors (PNST), or tumor-

like conditions, such as fibrolipomatous hypertrophy,
perineuroma (Fig. 12), amyloidoma, inflammatory pseudo-
tumor, etc [6, 12, 40–43]. The PNSTs may occur in
isolation or may be associated with schwannomatosis or
neurofibromatosis (Figs. 13, 14) [44–46]. These tumors are
more frequently benign (benign peripheral nerve sheath
tumors; BPNST) [48]. A BPNST may be an incidental
finding, or it may present with mild pain or dysesthesia. On
the other hand, symptoms of malignant peripheral nerve
sheath tumors (malignant peripheral nerve sheath tumors;
MPNST) are usually more severe at presentation, with
enlarging mass and severe sensory-motor symptoms. MR
imaging is the modality of choice for the evaluation of
PNSTs, as it can delineate the lesion and define the
relationship of the tumor with the surrounding neuro-
vascular tissues and muscles. The usual appearance of a
benign tumor is that of ovoid, round, or fusiform mass with
well-defined margins. These lesions may involve the sciatic
nerve, TN, CPN, or their branches. Several signs, such as
target sign, fascicular sign, tail sign, and split fat sign have
been described as signs of benignity, but none of them is
pathognomonic, as they are rarely present in MPNSTs. On
post-contrast images, MPNSTs may show variable or
homogenous enhancement.

Diffuse polyneuropathies

Diffuse peripheral polyneuropathies may be idiopathic or
may be related to hereditary neuropathies, such as Charcot-
Marie-Tooth disease, hereditary motor sensory neuropathy,
leprosy, and tumor-like conditions, such as neurofibroma-
tosis, lymphoma, or amyloidosis [2, 42]. Whole-body
diffusion-weighted MRI may potentially have a role in the
assessment of the full burden of these conditions in the

Fig. 18 Venous malformation.
17-year-old female with right
leg tingling, burning, and aching
pain. Axial STIR image (a)
through the proximal calf shows
a large venous malformation
(large arrow) encasing the CPN,
which is not separately dis-
cerned from the abnormal ve-
nous structures (small arrow).
Coronal STIR image of both
legs (b) shows the full extent of
the malformation (arrows)
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future; however, it is still in experimental stage [48]. In
contrast to tumors and tumor-like conditions, which may
produce multifocal masses along the course of the enlarged
nerve, hereditary and infectious neuropathies usually
present as long segments of uniform enlargement and
increased T2 signal (Fig. 15) [49]. The enhancement
patterns may vary, with the most enhancements seen in
cases of chronic inflammatory demyelinating neuropathy
and tumor variants [2]. Amyloidosis of the sciatic nerve
results in multifocal distribution with epineurial amyloid
deposits, endoneurial edema related to vascular amyloid
deposition and segmental demyelination resulting from
nerve ischemia [50]. MRN shows the full extent of diffuse
nerve thickening, abnormal T2 hyperintensity, fascicular
enlargement, and multifocal masses. Contrast enhancement
is variable. Regional muscle denervation changes may also
be apparent, but can be very variable (Fig. 16) [2].

Miscellaneous conditions

Other etiologies for sciatic and CP neuropathy include
radiation neuropathy [51, 52] and pathologies in the
vicinity of the nerve such as vascular malformations and
thrombophlebitis. Peripheral nerves may be injured due to
radiation effects in up to 13% of cases treated for extremity
sarcomas. Predisposing factors for the development of
radiation-induced neuropathy include, the total radiation
dose exceeding 60 Gy and dose per fraction greater than
2 Gy [53].

These changes lead to the clinical manifestations of
progressive paresthesias and dysaesthesias, paresis, atrophy,
and edema. However, it should be remembered that in cases
with recent history of radiation, the regional nerve in the
radiation field may enlarge and show abnormal increase in
T2 signal on MRI, while the patient may be completely
asymptomatic (Fig. 17). Hence, to prevent false-positive
diagnosis of neuropathy, MR findings should be correlated
with clinical findings. Perineural vascular malformations
may secondarily affect the nerve by involving the nerve
sheath. In these cases, neuropathy cannot only be caused by
the vascular malformation, but it can also be induced by the
embolization procedures during treatment (Fig. 18) [54].
However, MR-guided embolization may help to reduce the
complications rate and to preserve peripheral nerve function
[55].

Conclusions

The CPN and its branches can be the host to a variety of
pathologies. High-resolution 3.0-T MRN is the imaging
modality of choice in cases with a clinical suspicion of
CPN neuropathy. It may supplement the information gained

from the patient’s history, clinical examination, and electro-
diagnostic findings by directly demonstrating the site,
extent, and type of primary nerve abnormality, surrounding
lesions, as well as secondary regional muscle denervation
changes.
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