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Abstract

Background Peroneal nerve lesions are not common and are
often exclusively assessed clinically and electromyographically.
Methods On a routine MR examination without dedicated
MR-neurography sequences the peroneal nerve can readily
be assessed. Axial T1-weighted sequences are especially
helpful as they allow a good differentiation between the
nerve and the surrounding fat.

Results The purpose of this article is to review the normal
anatomy and pathologic conditions of the peroneal nerve
around the knee.

Conclusion In the first part the variable anatomy of the
peroneal nerve around the knee will be emphasized,
followed by a discussion of the clinical findings of peroneal
neuropathy and general MR signs of denervation. Six ana-
tomical features may predispose to peroneal neuropathy:
paucity of epineural tissue, biceps femoris tunnel, bifurca-
tion level, superficial course around the fibula, fibular tunnel
and finally the additional nerve branches. In the second part
we discuss the different pathologic conditions: accidental
and surgical trauma, and intraneural and extraneural com-
pressive lesions.
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Teaching Points

* Six anatomical features contribute to the vulnerability of
the peroneal nerve around the knee.

* MR signs of muscle denervation within the anterior com-
partment are important secondary signs for evaluation of
the peroneal nerve.

» The most common lesions of the peroneal nerve are
traumatic or compressive.

o Intraneural ganglia originate from the proximal
tibiofibular joint.

» Axial Tl-weighted images are the best sequence to visu-
alise the peroneal nerve on routine MRI

Keywords MR - Peroneal nerve - Denervation - Knee -
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Introduction

Magnetic resonance imaging (MRI) of the knee joint has
become a very important imaging tool for assessment of
knee pain in daily routine. Most clinical inquiries are about
menisci, cartilage or ligaments of the knee joint. Peroneal
nerve lesions are rather uncommon and are usually exclu-
sively evaluated by clinical and/or electrophysiological ex-
amination. Because MRI provides exquisite soft tissue
detail, the peroneal nerve can often be well visualised, even
on routine MR sequences. In most centres, a combination of
coronal, sagittal, axial fat-suppressed intermediate weighted
sequences and a sagittal T1-weighted sequence is used for
routine imaging of the knee. Adding an axial T1-weighted
sequence (WI) may be helpful in evaluation of the course of
the peroneal nerve branches and may enhance the conspi-
cuity for peroneal nerve lesions. It should be considered as a
first step in case of a suspected peroneal nerve lesion.
Specific MR neurography sequences have shown their util-
ity for evaluation of peripheral nerves and can be used for a
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more complete workup, at both 1.5 and 3 T [1]. The purpose
of this paper is, however, to emphasise the strength of
meticulous analysis of routine MR sequences in the diagno-
sis of peroneal nerve lesions about the knee. In the first part
we focus on the relevant anatomy of the peroneal nerve and
general clinical and MR features of peroneal neuropathy.
Electromyography is only briefly addressed, as this is be-
yond the scope of this pictorial review.

In the second part we present the most common lesions
involving the peroneal nerve around the knee.

Anatomic background

The common peroneal nerve is the lateral division of the
sciatic nerve. It courses from the posterolateral side of the
knee around the biceps femoris tendon and the fibular head
to the anterolateral side of the lower leg. Its relationship to
the most important landmarks is illustrated on Fig. 1. On
MRI the peroneal nerve and its branches can most easily be

identified on axial T1-WI as small bundles of fascicles
cushioned in surrounding fatty tissue (Fig. 1c, d, ¢ and f).

The peroneal nerve has several unique anatomical fea-
tures making it susceptible to injury.

The first is the relative paucity of epineural supporting
tissue, rendering the nerve more susceptible to compression
[2-5].

The second consists of a variant of its course along the
distal biceps femoris muscle. A tunnel can be formed between
the biceps femoris muscle and the lateral gastrocnemius mus-
cle (Fig. 2). This occurs when there is a more posterior or
distal extension of the short head of the biceps femoris muscle
and, rarely, when there is a more distal extension of the long
head of the biceps femoris muscle. This tunnel results in less
fatty cushioning of the peroneal nerve and is considered a
predisposing factor for neuropathy [6].

A third feature is a more proximal bifurcation of the pero-
neal nerve (Fig. 3). This is found in 10 % of preserved
specimens and makes the peroneal nerve more prone to injury
with arthroscopic inside-out lateral meniscal repair [7, 8].

Fig. 1 Normal anatomy of the peroneal nerve at the level of the
posterolateral corner of the right knee. Schematic drawing of a sagittal
(a) and coronal (b) view with corresponding axial T1-WI of a right
knee; the levels are indicated by the transparent boxes. On the sche-
matic drawing the nerve is seen branching off the sciatic nerve, turning
around the biceps femoris muscle (BF), passing through the peroneal
tunnel between the insertion of the peroneus longus muscle (PL) and
the fibula. As it exits the tunnel, it trifurcates in a deep (D) and
superficial peroneal nerve (S) and a recurrent or articular branch (A).
The articular branch is the entrance port for intraneural ganglia origi-
nating from the proximal tibiofibular joint (see the section on
intraneural ganglia). Axial T1-WI at the level of the distal femur (c)
shows the common peroneal nerve (white arrow) and the tibial nerve
(black arrow) as they branch off the sciatic nerve. Note the intimate
relationship of the common peroneal nerve with the medial side of the
biceps femoris muscle (B). Axial TI-WI at the level of the femoral
condyles (d) shows the common peroneal nerve (white arrow) between
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the short head of the biceps femoris (B) and the lateral head of the
gastrocnemius muscle (G), a site of possible entrapment in case of
variant course of the short head of the biceps femoris. The fascicles of
the deep and superficial peroneal nerve can sometimes be discerned
from this level on, the former more anteriorly, the latter more posteri-
orly, corresponding to the location of the anterior and lateral compart-
ment of the lower leg. Axial T1-WTI at the level of the fibular head (e).
The common peroneal nerve (white arrow) is found posteriorly and can
be traced by the fat around it. The peroneus longus (*) and anterior
tibial muscle (**) are already seen at the most proximal parts of the
lateral and anterior compartments. Axial T1-WI at the level just below
the fibular neck (f) shows the superficial and deep peroneal nerve
(white arrow). Because of their more horizontal course at this level,
they are more difficult to discern from each other. At the 12 o’clock
position the articular branch can be visualised as a small black dot
surrounded by hyperintense fat (arrowhead). a adapted with permis-
sion from ref [50]. b adapted with permission from ref [10]
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Fig. 2 Schematic drawing of the popliteal fossa (right knee). A tunnel can
be formed between the short head of the biceps femoris (SH) and the lateral
head of the gastrocnemius muscle (GM). Long head of the biceps femoris
muscle (LH), sciatic nerve (S), tibial nerve (T) and peroneal nerve (P).
Adapted with permission from ref [50]

The fourth feature is the superficial course of the peroneal
nerve around the fibular neck, where it can be compressed
or stretched in case of trauma (Fig. 1).

Fig. 3 Schematic drawing
showing the variations at the
level of bifurcation (thick black
arrow) of the common peroneal
nerve. In about 81 % of the
people the bifurcation of the
common peroneal nerve occurs
at or below the level of the
fibular neck (a). In about 9 %
the peroneal nerve bifurcates
between the fibular neck and
the knee joint (b). In about

10 % bifurcation occurs above
the knee joint line (c)

The fifth feature is the fibular tunnel is formed between
the musculo-aponeurotic arch of the peroneus longus and
soleus tendon and the bony floor of the proximal fibula
(Fig. 1). Entrapment or impingement in this tunnel occurs
mainly between the fibres of the peroneus longus and the
fibular neck and is typically exacerbated by forced inversion
of the foot, stretching the peroneal nerve [5, 9, 10]. The
osteofibrous tunnel between the peroneus longus muscle
and the fibula can be tightened by an ossification at the
peroneus longus muscle origin or tug lesion (Fig. 4). It
should be considered when peroneal nerve neuropathy is
present clinically without any other obvious cause. A pero-
neal tug lesion typically occurs on the lateral side of the
fibula, while a soleus tug lesion occurs on the medial side
[11, 12]. The typical location allows differentiation with an
osteochondroma [11].

The sixth and last feature is the additional branches at the
level of the knee joint. The most important is the articular
branch (also called recurrent branch). When exiting the
fibular tunnel the peroneal nerve typically trifurcates in the
deep and superficial peroneal nerve and a smaller articular
branch (Fig. 1). This articular branch provides sensory in-
formation from the proximal tibiofibular joint and has been
shown to be a very common location and entrance port for
intraneural ganglia [13]. In addition to the articular branch,
the lateral sural cutaneous nerve and the peroneal commu-
nicating branch, a small cutaneous branch that originates
from the common peroneal nerve, about 11 mm above the
joint line, is also described, and this may explain anecdotal
cases of postoperative dysesthesia on the lateral side of the
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Fig. 4 Tug lesion in the
peroneus longus tendon. Plain
radiography of the right knee,
anteroposterior (a) and lateral
view (b) demonstrate an extra
ossification at the lateral side of
the proximal fibula (arrows).
This most likely corresponds to
the origin of the peroneus
longus tendon. It can cause
tenderness over the peroneal
tunnel and hypoesthesia and
muscle weakness in the areas
innervated by the peroneal
nerve

knee [8]. This small branch is too small to discern on
conventional MR imaging, unless there is pathological
enlargement.

The two other branches of the common peroneal nerve,
the deep and superficial peroneal nerve, respectively inner-
vate the anterior and lateral compartment of the lower leg
(Fig. 5). The superficial peroneal nerve provides motor
innervation to the muscles of the lateral compartment, the
peroneus longus and brevis muscle. Sensory innervation is
provided to the anterolateral side of the lower leg, where the
nerve pierces the crural fascia, and to the dorsum of the foot.
The deep peroneal nerve provides motor innervation to the
four muscles of the anterior compartment: the tibialis ante-
rior, extensor digitorum, extensor hallucis longus and

Fig. 5 Schematic drawing of a cross section of the right lower leg. The
anterior compartment contains the anterior tibial muscle (TA), extensor
hallucis longus muscle (EHL) and the extensor digitorum longus
muscle (EDL). The neurovascular bundle, comprising the deep pero-
neal nerve (arrow), runs between anterior tibial muscle and extensor
hallucis longus muscle. The lateral compartment contains the peroneus
longus muscle at this level. The superficial peroneal nerve (arrowhead)
courses anteriorly in the lateral compartment along the intermuscular
septum between the anterior and lateral compartments
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peroneus tertius muscle. The tibialis anterior and extensor
digitorum muscle are almost always visible on the most
caudal slices of the knee on MR imaging.

Clinical findings range from pain over the fibular neck
radiating into the peripheral distributions to dorsiflexion and
eversion weakness and, in the most severe cases, in frank
dropfoot. Patients with diabetes mellitus are predisposed to
entrapment neuropathies because of a lower microvascular
ischaemia threshold. Coexistent foot inversion weakness
suggests a sciatic nerve lesion or L5 radiculopathy. Weak-
ness in the biceps femoris muscle also suggests a more
proximal lesion, as this is the only muscle that is innervated
by the peroneal nerve above the knee.

Electrophysiological tests are commonly performed, and
they are an important aid in differentiating a peroneal neu-
ropathy from a more proximal lesion or an L5 radiculopathy
[5]. There are several limitations to electrophysiological
testing. It is hard to evaluate deeply located muscles, and
these tests are relatively invasive, operator dependent, do
not pick up denervation in the earliest phase and do not
allow a complete evaluation of a muscle.

General imaging features of denervation

The muscles of the anterior and lateral compartment are in
close proximity to the knee. This provides additional infor-
mation that is easily available to evaluate potential denerva-
tion of the peroneal nerve.

Three denervation patterns can be differentiated, but on
imaging there is considerable overlap with different patterns
occurring at the same time. The first is oedema, correspond-
ing to the acute phase. In experimental settings hyperintense
changes are visible on short tau inversion recovery (STIR)
after 24 h and on fat-suppressed T2-WI after 48 h, but are
generally considered equally sensitive for detection of oe-
dema after 48 h [14-16] (Figs. 6 and 7). The two other
denervation patterns occur later, unless nerve conduction
has been restored. The second pattern is atrophy, corre-
sponding to loss of muscle tissue, and it occurs after 7 days
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Fig. 6 Acute denervation in the anterior compartment. Axial T2-WI
showing diffuse hyperintense signal in the tibialis anterior muscle
(arrow) and extensor digitorum muscle of the right lower leg (arrow-
head). A hyperintense cystic structure is visualised along the course of
the superficial (thick arrow) and deep peroneal nerve (curved arrow),
in keeping with an intraneural ganglion cyst

[16]. It can be visualised on all imaging sequences and it is
reversible. The last pattern is fatty replacement of the mus-
cle. This suggests long-standing denervation (several weeks
to months) and indicates the end stage of denervation in
which the involved muscle fibres are inevitably lost. Fatty
replacement is best visualised on axial non-fat suppressed
T1-WI [16, 17] (Fig. 8). Usually the entire muscle is affect-
ed, but in cases of partial denervation or collateral motor
innervation, changes may be delayed or absent.

In long-standing denervation MR is a powerful tool in
the differentiation between fatty replaced muscle and
muscle at continued risk to develop fatty replacement
[16]. This is important information for the surgeon as
fatty replaced muscle is highly unlikely to recover after
surgical nerve repair and it is also a major benefit of MR
over electromyography.

Fig. 7 Acute denervation in the lateral compartment. Axial fat-
suppressed T2-WI shows diffuse hyperintense signal in the peroneus
longus muscle (white arrow) of the left lower leg. In the absence of
neuropathy, lateral compartment syndrome must be mentioned in the
report, as this entity often goes unrecognised clinically in case of minor
or absent trauma

Spectrum of pathologic conditions

The spectrum of pathologic conditions can be divided into
two categories. Traumatic lesions, including surgical injury,
range from relatively minor direct compressive trauma to
major fracture dislocation. Compressive lesions are the last
and most heterogeneous category, which occur either
extraneurally or intraneurally.

Traumatic lesions

Traumatic lesions are the most common lesion of the
peroneal nerve. The peroneal nerve, as discussed earlier,
is prone to traumatic or surgical injury because of its
superficial course and its paucity of epineural supporting
tissue. Many of these injuries to the peroneal nerve are
evident clinically or on electromyography and will not
require imaging other than conventional X-rays for evalu-
ation of bony trauma. Three basic mechanisms are in-
volved in traumatic peroneal nerve injury: traction,
contusion and penetrating trauma. These mechanisms of-
ten coexist and differentiation amongst them is not always
feasible clinically [18].

Traction injuries

Traction or stretching injuries of the peroneal nerve can
occur following ankle inversion trauma, high-grade varus
sprains of the knee, proximal fibular fractures, posterolateral
corner knee injury or dislocation of the knee. The greater the
extent of damage to the bony and ligamentous structures, the
more likely is damage to the peroneal nerve. A complete
rupture of the nerve is most commonly found in case of
dislocation with disruption of both the cruciate ligaments
and posterolateral corner [19, 20]. Peroneal nerve palsy may
also be associated with the placement of oblique locking
screws [21].

Contusion

Contusion almost always results from direct impact,
which may occur in football or contact sports. This
results in a compression of the peroneal nerve against
the proximal fibula. Patients present with lateral knee
pain and signs of sensory or motor disturbance in the
peroneal nerve area.

The nerve will appear thickened and oedematous,
resulting in a hyperintense signal on the T2-WI and
hypointense signal on the T1-WI (Fig. 9). Even in the
absence of a clear history of trauma, oedema in the proximal
fibula and the muscles of the lateral compartment should
alert the radiologist to a potential associated lesion of the
peroneal nerve.
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Fig. 8 Chronic muscle
denervation. Axial (a) and
sagittal (b) T1-WIs show fatty
replacement and atrophy in the
tibialis anterior muscle
(arrowhead), extensor digitorum
longus muscle (thin arrow) and
peroneus longus muscle (thick
arrow) of the left lower leg.
There is also prominent fatty
replacement and atrophy in the
lateral head of the gastrocnemius
muscle (asterisk). Previously this
patient underwent a resection of
a schwannoma at a more
proximal level in the sciatic
nerve

Penetrating trauma

Penetrating wounds can result in a complete or partial dis-
ruption of the nerve fascicles. If the nerve sheath is disrupted
and the fascicles are separated, the regenerating nerve fas-
cicles and Schwann cells will sprout randomly, creating a
terminal ‘neuroma’ or stump neuroma [18]. Spindle or lat-
eral neuromas occur when the nerve sheath is partially or
fully intact [22]. They occur distally from the damaged
nerve ending and represent a local response to the trauma
with fusiform or lateral thickening (Fig. 10).

A terminal ‘neuroma’ or posttraumatic neuroma has a bul-
bous appearance from the tangle of fascicles, Schwann cells
and associated fibrosis. It has low signal intensity on T1-WI
and intermediate to high signal intensity on T2-WI. It demon-
strates variable enhancement after administration of gadolinium

Fig. 9 Posttraumatic contusion of the peroneal nerve occurring after a
direct trauma on the lateral compartment of the left knee. Axial fat-
suppressed T2-WI shows a thickened peroneal nerve (thick arrow) and
hyperintense oedema in the surrounding subcutaneous tissues, the
fibular head (asterisk) and the peroneus longus muscle (thin arrow).

@ Springer

contrast. A peripheral rim of low signal intensity on T1- and
T2-weighted images has been reported as well [22]. Surgical
clips or metallic fragments may cause artefacts. The image of
the proximal nerve terminating in such a posttraumatic neuro-
ma is sometimes referred to as a ‘balloon-on-a-string’ or
‘green-onion’ appearance [23]. Posttraumatic neuromas may
resemble true neurogenic tumours, such as schwannomas or
neurofibromas, but a split fat sign or target sign is absent (see
section on peripheral nerve sheath tumours). In addition, any
surrounding scar tissue suggests a traumatic context [23].

In centres where arthroscopic meniscal repair is performed,
the peroneal nerve can be captured or tethered within the
sutures when the inside-out technique is used. This occurs
more easily if the bifurcation of the peroneal nerve occurs at a
level proximal to the fibular neck (Fig. 3). The use of a
posterior incision and a retractor is reported to prevent this
injury [8]. In addition, trauma to a cutaneous branch originat-
ing from the common peroneal nerve 11 mm above the joint
may explain anecdotal cases of previously unexplained local
dysesthesia on the lateral side of the knee [8].

Miscellaneous traumatic lesions

A typical case consists of a compartment syndrome of the
anterior compartment occurring after minor trauma [9]. The
compartment syndrome is initiated by a vicious cycle of
oedema and venous obstruction causing compression of the
muscles and the deep peroneal nerve. In rare cases an isolated
compartment syndrome of the lateral compartment after minor
injury can occur [24, 25]. Partial recovery of the peroneal
nerve function can occur, though sensory disturbances are
usually persistent. A chronic sequel of unrecognised compart-
ment syndrome is calcific myonecrosis [26]. This can occur
10 to 64 years after the initial trauma. The clue to the diagnosis
is the history of a remote trauma and the plaque-like calcifi-
cations on plain radiographs, oriented along the course of the
muscle fibres.
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Fig. 10 Neuroma. Schematic drawing (a) showing the two types
of nerve damage. A normal nerve (1 and 4) is surrounded by a
nerve sheath on both sides. A complete disruption of the nerve
(2) results in disorganised sprouting of nerve fascicles and fibrous
tissue (3). This creates a ‘ballon-on-a-string’ or ‘green-onion’
image, typical of a terminal (posttraumatic) neuroma. Wallerian
degeneration occurs distally in the nerve. A partial laceration of

Fig. 11 Recurrent intraneural ganglion. Axial T2-WI at the level of the
right fibular neck (a) shows the horizontal part of the recurrent articular
branch at the 12 o’clock position. The level just below (b) shows
extension of the cyst in close relationship with the deep peroneal nerve
(arrow), situated between the cyst and the fibular neck. More laterally
the superficial peroneal nerve can be discerned (arrowhead). On both
images the signal intensity of the anterior tibial muscle (thick arrow) is
slightly higher when compared to the surrounding muscles. Axial T1-
WI (¢) shows no significant fatty infiltration in the anterior compart-
ment. Coronal fat-suppressed T2 PD-WI (d) shows a hyperintense
signal in the most proximal part of the anterior tibial muscle
(thick arrow), in keeping with denervation oedema. The second,

3II

the nerve (5) causes focal regeneration with hypertrophy of the
nerve fascicles and fibrosis. This creates a focal asymmetrical
thickening on imaging (6). Sagittal T2-WI image (b) shows a
hypointense terminal neuroma (black arrow) after accidental sur-
gical transection of the peroneal nerve. Note also associated
hypointense strands of scar tissue (white arrowhead) in the adja-
cent subcutaneous fat

more posterior coronal fat-suppressed T2 PD-WI (e) shows the
hyperintense ganglion (thin arrow) with a slightly beaded appear-
ance along the course of the deep peroneal nerve. Irritation of the
peroneal nerve by the ganglion was confirmed on the EMG. The
ganglion was surgically drained and curettage of the proximal
tibiofibular joint was performed. Schematic drawing (f) showing
the sites where the typical signs of an intraneural ganglion can be
observed. The ascending part of the articular branch is the loca-
tion of the tail sign (1); the transverse limb sign can be observed
on the horizontal part of the articular branch (2). When the
intraneural ganglion extends proximally in the common peroneal
nerve a signet ring sign can be observed (3)
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Fig. 12 a-c Schwannoma of the left common peroneal nerve. Coronal
T1-WI (a) showing a spindle shaped lesion (arrow) in the common
peroneal nerve at the level of the lateral femoral condyle, with a signal that
is isointense to the surrounding muscle. The peroneal nerve is seen entering

The most subtle trauma that can cause denervation of the
peroneal nerve is a closed deglovement injury, also known as
a Morel-Lavallée lesion. Deglovement implies a shearing
between the fascia and the subcutaneous tissues. This creates
a potential space that fills up with serosanguinous fluid rang-
ing from clear fluid to frank blood. A subcutaneous sensory
branch passing through the fascia can be lacerated resulting in
local hypoesthesia, as can happen to the superficial peroneal
nerve in the lower third of the lateral compartment. On T1-WI
it may appear hyperintense because of the methaemoglobin
content [27]. It may contain fluid-fluid levels resulting from
sedimentation of blood components and occasionally
entrapped fat globules may be present [28]. An inflammatory
reaction commonly creates a peripheral capsule. This capsule
appears hypointense on all imaging sequences and may show
some patchy enhancement [27]. The location of the lesion and
the history of trauma often suggest the diagnosis, although
there may be a remote history of trauma (3 months up to
34 years). This may sometimes cause confusion with a soft
tissue tumour, especially if the lesion has evolved to a chronic
organising haematoma with heterogeneous signal on T2-WI
and patchy internal enhancement [28].

Table 1 Differentiating features for peripheral nerve sheath tumours

proximally and exiting distally (arrowheads). A split-fat sign is visualised
around the lesion. Axial fat-suppressed T2-WI (b) shows a homogeneous
hyperintense signal (arrow). Axial fat-suppressed T1-WI after IV adminis-
tration of gadolinium contrast (¢) shows almost no enhancement (arrow)

Sequelae of trauma can lead to chronic compression of
adjacent nerves. Displaced bone fragments and heterotopic
ossification are easily visualised on plain radiographs [22].
Previously undetected fractures can cause internal joint de-
rangements, which in turn lead to joint effusions and some-
times large synovial cysts compressing periarticular tissues
and nerves.

Intraneural compressive lesions
Intraneural ganglia

Intraneural ganglia are relatively rare compared to extraneural
ganglia, but they should be considered in case of unexplained
foot drop [29]. Clinical and electromyographic findings are
almost always more pronounced compared with extraneural
ganglia, and this is related to the perineurium that restricts
expansion of the intraneural ganglion and thus increases the
pressure on the nerve.

The peroneal nerve is the most common location for
intraneural ganglion cysts. An articular origin is becoming
increasingly evident and has been demonstrated by delayed

Schwannoma-specific features Neurofibroma-specific features

Non-specific features benign PNST

Malignant PNST

Peripherally or centrally entering and
exiting nerve
Cystic areas On T2-WI

Fascicular appearance on T2-WI

Thin hyperintense rim on T2-WI  Target sign on T2-WI

Central enhancement on
contrast-enhanced T1-WI

Diffuse enhancement on
contrast-enhanced T1-WI

Size >5 cm

Heterogeneous appearance on
T2-WI and T1-WI

Infiltrative margin

Peripheral enhancement on fat-suppressed Heterogeneous enhancement
contrast-enhanced T1-WI

on contrast-enhanced T1-WI

Fascicular appearance: multiple small ringlike structures (with peripheral higher signal intensity) on axial T2-WI or intermediate-WI

Thin hyperintense rim: rim is less than one quarter of the diameter of the lesion

Target sign: a central hypointense focus with a peripheral hyperintense rim on T2-WI, the central focus making up less than three quarters of the

diameter of the lesion
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Fig. 13 Malignant peripheral nerve sheath tumour with atypical
features. This patient presented with a painful swelling on the
lateral side of the right leg. The initial diagnosis after biopsy was
a benign cystic lesion. Coronal T1-WI (a) showing a lesion with
a signal intensity almost isointense to the surrounding muscle
(arrow). Axial fat-suppressed PD WI (b) shows almost homoge-
neous hyperintense signal (arrow) in the lesion with a thin

MR arthrography [30]. The presence of the articular branch
explains the high incidence of this condition at the peroneal
nerve. This branch serves as a conduit for fluid, dissecting
the epineurium between the fascicles. Intraneural ganglia
follow the path of the least resistance and extend proximally
in the deep peroneal nerve, the common peroneal nerve and
sometimes even in the peroneal division of the sciatic nerve.
Cases reporting bilateral occurrence [31] in children [32]
and in both peroneal and tibial nerves [33] have been de-
scribed. Surgical intervention must also address the proxi-
mal tibiofibular joint to avoid recurrence [34].

hypointense rim. Axial TI-WI (¢) after IV administration of gad-
olinium shows absence of enhancement (arrow). EMG was not
performed in this case, as the diagnosis of a malignant PNST was
confirmed histologically and the nerve would certainly be
sacrificed during surgery. The sometimes misleading cystic ap-
pearance of soft tissue tumours is discussed in more detail in
the text

On imaging intraneural ganglia appear as tubular structures
contained within the nerve, with a hyperintense signal on T2-
WI (Fig. 11) and a hypointense signal on T1-WI. They have
no capsule and show no enhancement after administration of
gadolinium contrast. A case has been reported in which there
was some, mostly peripheral enhancement; this may lead to
confusion with a cystic schwannoma [38].

Three additional signs have been described to aid in the
diagnosis on axial imaging (Fig. 11). The tail sign indicates
the cyst’s origin anterior to the proximal tibiofibular joint on
the course of the ascending part of the articular branch. On

Fig. 14 Myxoid liposarcoma compressing the peroneal nerve. Be-
cause the patient had café au lait spots, a diagnosis of a malignant
PNST in a patient with NF1 was initially proposed, with the request for
pathological confirmation. Coronal fat-suppressed PD T2-WI (a)
shows a polylobulated homogenously hyperintense mass (thin arrows)
mostly located in the lateral compartment of the left lower leg,
larger than 5 cm. Axial T1-WI (b) shows the mass (arrowheads)
extending in the anterior, lateral and deep posterior compartment.
Note scalloping on the anterior side of the fibula (thick arrow)

and the lateral side of the tibia (curved arrow). Axial T2-WI (¢)
shows a heterogeneous mostly hyperintense signal in the mass
(asterisk), clearly delineating it from the surrounding muscle.
There is no fat plane between the soleus muscle and the superfi-
cial posterior compartment (arrow), strongly suggesting extension
in all four compartments of the lower leg. No muscle oedema is
present. Coronal fat-suppressed T1-WI after IV administration of
gadolinium contrast (d) shows inhomogeneous peripheral enhance-
ment of the mass (arrows)
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Fig. 15 Large osteochondroma. Plain radiographs. Anteroposterior (a)
and lateral view (b) demonstrate a large sessile osteochondroma (thick
arrow) at the lateral aspect of the right tibia. There is obvious
scalloping (arrow) and slight posterior displacement of the fibula, in
keeping with a slow-growing lesion. Coronal fat-suppressed T2-WI (c¢)

adjacent slices on a lower level, the transverse limb sign
indicates the horizontal cyst extension within the articular
branch. Finally, usually on the same image as the tail sign,
the signet ring sign indicates the cyst extending within the
common peroneal nerve, displacing the nerve to the periph-
ery. This creates an image of a ring (the cyst) with a signet
(the peripherally displaced nerve) [35].

Peripheral nerve sheath tumours

Three main histological types can be distinguished.
Schwannoma (also known as neurilemmoma) and the neu-
rofibroma are the benign forms. The malignant counterpart
is the malignant peripheral nerve sheath tumour (MPNST).
Schwannomas are slow-growing encapsulated tumours that
can be separated surgically from the parent nerve. Occasionally
in large or long-standing schwannomas intralesional degenera-
tion with fibrosis, haemorrhage, calcification and cystic necro-
sis occurs, leading to a so-called ancient schwannoma [36, 37].
In case of an elongated cystic mass along the peroneal nerve, an
intraneural ganglion is a more likely diagnosis [38].

Fig. 16 Extraneural ganglion.
Photograph of the left knee (a)
shows a focal swelling on the
posterolateral corner of the knee
(thick arrow). Axial T2-WI (b)
shows a cyst posterior to the
proximal tibiofibular joint,
displacing the common
peroneal nerve laterally (arrow)

@ Springer

shows a hyperintense cartilage cap with partially mineralised
hypointense cartilage and an intralesional cystic component (arrow).
The maximum cartilage thickness is 16 mm. Axial T1-WI (d) shows
the posterior displacement of the common peroneal nerve with a
preserved fascicular structure (thick arrow)

Neurofibromas are intimately associated with the nerve
and cannot be separated. The vast majority of neurofibromas
are localised and not associated with neurofibromatosis type
1 (NF-1) [36].

Schwannomas and neurofibromas cannot be definitely
differentiated on imaging (Fig. 12). Typical imaging find-
ings are a fusiform shape, the nerve entering proximally and
exiting distally and a split-fat sign, representing the normal
fat around a neurovascular bundle. A well-defined margin
and the presence of the split-fat sign suggest benignity [39].
Some features that can aid in the differentiation are de-
scribed in Table 1 [40].

MPNSTs represent about 6 % of malignant soft tissue
tumours [41]. There is a strong association with NF-1, but
only 5 % of patients with NF-1 develop MPNST. They
typically occur in major nerve trunks and histologically they
are indistinguishable from soft tissue fibrosarcoma. Clinical
signs of malignant degeneration of a neurofibroma are non-
specific [36]. If imaging suggests an aggressive lesion,
biopsy should immediately be performed to exclude malig-
nant transformation [41].
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MPNSTs are heterogeneous on both T1-WI and T2-WI
and after contrast administration, with dark areas corre-
sponding to calcifications and hyperintense areas on T2-
WI to central necrosis. Three imaging signs are suggestive
of a MPNST: size more than 5 cm (the average size of
neurofibroma [42, 43]), heterogeneous appearance due to
intratumoral bleeding and areas of necrosis [36, 42] and
infiltrative margin [43]. Atypical presentation can occur
and any other sarcoma may mimic a MPNST (Figs. 13
and 14). Myxoid tumours may mimic cystic lesions. If there
is any suspicion of a malignant lesion, intravenous admin-
istration of gadolinium contrast should be performed. True
cystic lesions will only show minor peripheral rim enhance-
ment, whereas a heterogeneous enhancement pattern is seen
in myxoid or malignant tumours with cystic areas [44].

Extraneural compressive lesions
Osteochondroma

A less common cause of extrinsic compression is an
osteochondroma. These are developmental lesions rather
than true neoplasms and are also referred to as an
osteocartilaginous exostosis, cartilaginous exostosis or
simply exostosis. Continuity with the underlying native
bone cortex and medullary canal is pathognomonic of
osteochondroma and is easily recognised on plain radio-
graphs [45]. The most common location for solitary exostoses
is the metaphysis of the distal femur, the proximal tibia or the
proximal humerus [46]. Hereditary multiple exostoses, an
autosomal dominant syndrome, is more often associated with
complications, mainly due to the mass effect on adjacent
structures [47]. Neurologic compression occurs most com-
monly at the peroneal nerve [48].

On imaging a sessile and a pedunculated type can be
differentiated. Bony structures can be evaluated on conven-
tional X-rays, but MR imaging demonstrates a better extent
of cortical and medullary continuity between the cartilagi-
nous exostosis and the parent bone (Fig. 15). In cases of
neurologic compromise the cartilaginous exostosis may ex-
ert a mass effect in the expected nerve location, but the
nerve itself may be too small to discern. Signs of denerva-
tion in the dependent muscles strongly suggest neural com-
pression or entrapment.

Extraneural ganglia

Extraneural ganglia originating from the proximal tibiofibular
joint are more frequent than their intraneural counterpart.
These cystic masses can sometimes be very large and they
are connected to the proximal tibiofibular joint with a fine
stalk. Articular connection has been demonstrated by delayed
arthrography, with best results on computed tomography (CT)

1-2 h post injection [49]. The most common location is in the
tibialis anterior muscle and the peroneus longus muscle [50].
Pressure on the peroneal nerve can occur (Fig. 16), leading to
hypoesthesia or dorsiflexion weakness.

Anecdotal reports exist on a compartment syndrome
caused by an extraneural ganglion, both in the anterior and
lateral compartment [51, 52].

Their imaging appearance is similar to other cystic struc-
tures, consisting of a hypointense signal on T1-WI, a
hyperintense signal on T2-WI and a thin hypointense wall
that enhances after administration of gadolinium contrast.
Sometimes internal septa may be present.

Conclusion

Peroneal nerve lesions are relatively uncommon lesions.
Most are of traumatic aetiology, but ganglia, peripheral
nerve sheath tumours and osteochondroma should also be
considered. Identification and characterisation of these le-
sions may be done on routine MR sequences, particularly if
an axial T1-weighted sequence is included in the imaging
protocol. Careful revision of clinical history, clinical exam-
ination, electromyographic findings, previous imaging find-
ings and consideration of the specific anatomical features
help the radiologist to suggest a specific diagnosis or to
narrow down the differential diagnosis. It will also help to
suggest further imaging with dedicated MR neurography
protocols and whether biopsy should be performed.
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