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Abstract
Lower extremity peripheral neuropathy is a commonly encountered neurologic disorder, which can lead 
to chronic pain, functional disability, and decreased quality of life for a patient. As diagnostic imaging 
modalities have improved, imaging has started to play an integral role in the detection and characterization 
of peripheral nerve abnormalities by non-invasively and accurately identifying abnormal nerves as well as 
potential causes of neuropathy, which ultimately leads to precise and timely treatment. Ultrasound, which 
has high spatial resolution and can quickly and comfortably characterize peripheral nerves in real time 
along with associated denervation muscle atrophy, and magnetic resonance neurography, which provides 
excellent contrast resolution between nerves and other tissues and between pathologic and normal seg-
ments of peripheral nerves, in addition to assessing reversible and irreversible muscle denervation changes, 
are the two mainstay imaging modalities used in peripheral nerve assessment. These two modalities are 
complimentary, and one may be more useful than the other depending on the nerve and location of pathol-
ogy. Imaging must be interpreted in the context of available clinical information and other diagnostic stud-
ies, such as electrodiagnostic tests. Here, we offer a comprehensive overview of the role of high-resolution 
ultrasound and magnetic resonance neurography in the evaluation of the peripheral nerves of the lower 
extremity and their associated neuropathies.
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Introduction

Peripheral neuropathy is one of the most common neurologic dis-
orders. Specifically, regarding peripheral neuropathies of the lower 
extremity, the most commonly encountered symptom is sciatica, 
which presents as pain and paresthesias in the sciatic nerve distribu-
tion or an associated lumbosacral nerve root radiculopathy, most 
commonly caused by a herniated or bulging intervertebral disc 
causing extrinsic compression on the exiting nerve roots(1). The life-
time incidence of sciatica is between 13% and 40% with peak inci-
dence in the fourth decade of life(2). However, little is known regard-
ing the incidence of other lower extremity peripheral neuropathies. 
Common sites of lower extremity peripheral neuropathy include 
areas of anatomic narrowing through which a nerve traverses, such 
as fibro-osseous or fibromuscular tunnels (Fig. 1)(3). Although pe-
ripheral neuropathy is generally a clinical diagnosis based mainly on 
clinical history, physical exam, and electrophysiologic testing, cross-
sectional imaging, particularly magnetic resonance neurography 
(MRN) and high-resolution ultrasound (US), has come to play an 
increasingly important role in the diagnostic work up of neuropa-
thies, helping to make accurate diagnoses and direct more precise 

clinical management(4). Shear-wave elastography is a more recent so-
nographic technique that helps to detect regions of nerve stiffness. 
It may be helpful to identify areas of nerve pathology, such as in pa-
tients with diabetic peripheral neuropathy or chronic low back pain, 
which may not be readily apparent on grayscale or Doppler imaging. 
However, this technique is sensitive to differences in positioning of 
the investigated extremity, patient age and even traction/laxity of the 
nerve. As such, not only is it important to recognize the different 
imaging findings of neuropathy, but also thorough knowledge of the 
courses and anatomic relationships of the nerves in question is vi-
tal to make accurate diagnoses. For motor nerves, it is important to 
understand the patterns of muscle denervation, which can help di-
agnose particular peripheral neuropathies and, in some cases, help 
determine the level of injuries. In this article, we present a thorough 
anatomic overview of the major lower extremity peripheral nerves 
with emphasis placed on specific areas where neuropathies can most 
commonly occur as well as the clinical presentations of common 
neuropathies with attention to important associated syndromes. In 
combination with peer-reviewed published literature and our own 
institutional experience, we illustrate the roles that MRN and US 
play in the evaluation of each nerve.
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Imaging techniques

MRN and US are the most commonly utilized imaging modali-
ties for the evaluation of peripheral nerves. The general technical 
considerations for these modalities in the context of peripheral 
nerve imaging have been thoroughly outlined in the complemen-
tary manuscript by Serhal et al. in the same issue regarding the 
role of MRN and US in the evaluation of upper extremity periph-
eral nerves, which we refer the reader to for a broad discussion on 
these topics. In cross-section, peripheral nerves have a honeycomb 
appearance, which reflects rounded hypoechoic fascicles separated 
and surrounded by echogenic endoneurium, epineurium and peri-
neurium. The nerve can be followed in real time proximally and dis-
tally from a point where it is well-recognized due to the surrounding 
bones and soft tissues, which has been called the elevator technique 
(Video 1). The main sonographic findings depend on whether the 

neuropathy is due to extrinsic compression or intrinsic pathology. In 
cases of extrinsic compression, the nerve is often abruptly flattened/
narrowed at the site of compression. Proximal to this site, the nerve 
is often swollen, with fascicular thickening and a more pronounced 
hypoechoic appearance with loss of the normal “honeycomb” fascic-
ular echotexture in short axis. Additionally, there may be intraneural 
hyperemia seen on Doppler imaging. Distally, the nerve may resume 
a normal caliber and echotexture or may be slightly thickened. This 
produces the classic “hourglass” appearance in long axis. MRN re-
veals similar findings, with edema-like signal of the nerve on fluid-
sensitive, fat-suppressed (FS) pulse sequences, with either fascicu-
lar thickening or effacement proximal to the site of compression, 
abrupt narrowing at the site of compression and normal nerve cali-
ber distally. Both US and MRN can show space-occupying lesions 
contributing to nerve compression; however, thin fibrous bands or 
aponeuroses contributing to compression may be difficult to see on 

Fig. 1.  Illustrations of the major lower extremity peripheral nerves from anterior (A) and posterior (B) perspectives. Areas of potential peripheral nerve compres-
sion are in italicized type

BA



e330 J Ultrason 2023; 23: e328–e346

Steven Kyungho Lee, Ali Mostafa Serhal, Muhamad Serhal, Julia Michalek, Imran Muhammad Omar

either modality. In cases of intrinsic neuropathy, the involved nerve 
segment is usually longer with a more gradual transition to normal 
nerve thickness proximally and distally. There may be intraneural 
hyperemia on Doppler imaging and bright signal involving the af-
fected nerve on fluid sensitive FS MRN pulse sequences (Fig. 2). In-
travenous contrast has a limited role in MRN and is most helpful 
in cases of suspected tumor, infection/inflammation or for vascular 
suppression. Regarding the lower extremity peripheral nerves, there 
are a number of specific technical aspects to consider.

All of the peripheral nerves of the lower extremity can eventually be 
traced back to the lumbosacral plexus, comprised of the L2–S4 nerve 
roots (Fig. 3). A number of the proximal peripheral nerves, including 
the sciatic, femoral, lateral femoral cutaneous, and pudendal nerves, 
stem directly from the lumbosacral plexus and have a deep intrapel-
vic course before entering the thigh. Evaluation of the proximal intra-
pelvic portions of these nerves is extremely limited on US primarily 
due to the depth required, among other limitations including poten-
tial overlying bowel gas obscuring deeper structures(5). MRN does 
not run into such limitations and is therefore a superior imaging mo-
dality in this context. MRN of the lumbosacral plexus should include 
large field-of-view imaging of the entire pelvis, including the anterior 
pelvic wall and the inguinal region, which are crucial to evaluate in 
the setting of a patient with anteromedial thigh and groin pain as they 
are common sites of nerve impingement. It should also include the 
neural foramina posteriorly to evaluate the nerves from their origins.

As many of the nerves run in obliquely oriented courses, imaging 
in an oblique plane can improve evaluation of these nerves while 
decreasing artifact that may confound the diagnosis. An example 
of this is imaging the lumbosacral plexus in the coronal oblique 
plane in relation to the sacrum. T1-weighted (T1W) non-fat sup-
pressed (NFS) and fluid-sensitive FS sequences in this plane allow 
for better evaluation of the nerve roots as well as the sciatic nerves, 
particularly their intra-pelvic courses. Although not routinely per-
formed, axial images perpendicular to these coronal oblique images 
may allow for better assessment of the variant sciatic nerve anatomy 
particularly in relation to the piriformis muscles in the setting of 
possible piriformis syndrome (Tab. 1).

Regarding gadolinium contrast administration in the evaluation of 
nerves on MRN, there is no clear consensus pertaining to its value. 
However, it certainly has value in 3D SPACE techniques, where it 
is utilized to great effect for vascular suppression, since pathologic 
enhancement of the nerves may only occur in a few rare instances 
including masses and true inflammation. Harrell et al. concluded 
that for these very reasons, contrast administration may be of lim-
ited benefit overall(6–7).

Image-guided percutaneous treatments

US provides a distinct advantage over MRN in the setting of image-
guided percutaneous injections of peripheral nerves. Given that US 
provides real-time visualization of a nerve, it has been widely ad-
opted for use of nerve blocks in the anesthesiologic setting and has 

Fig. 2.  A 19-year-old male patient with motor vehicle accident and right lower extremity traction injury. A. Axial proton density (PD) fat-suppressed (FS) mag-
netic resonance (MR) image of the right knee at the distal femoral metaphyseal level shows moderate thickening and edema-like signal of the common 
peroneal nerve (CPN) (arrow). For comparison, the tibial nerve (arrowhead) is normal in caliber and signal. Linear pre-quadriceps edema (asterisk) is 
related to a cutaneous wound. B. Grayscale long axis ultrasound (US) image of the CPN demonstrates the typical sonographic findings of intrinsic neu-
ropathy, including hypoechoic nerve thickening and loss of the expected fascicular echotexture (arrow). C. Microvascular Doppler long axis US image of the 
CPN shows mild intraneural vascularity (arrowheads), which can be a subtle sign of peripheral neuropathy. This technique is more sensitive to slow flow 
than color or power Doppler imaging and can detect milder cases of hyperemia. However, it is susceptible to subtle transducer movements, which can cause 
extensive color artifacts (arrows). To distinguish between true vascularity and artifact, the transducer should be held still in position for a few seconds. True 
vascularity will persist in the same place and be pulsatile

Fig. 3.  Frontal diagram of the lumbosacral plexus shows nerve roots extending 
from the lumbosacral spine
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proved beneficial in improving accuracy of injections and decreas-
ing complications as compared to land-mark based blind injec-
tions(8). Short-axis visualization of the target nerve with the needle 
in-plane with the transducer is the best technique for performing 
perineural injections. This is due to the ability of this imaging plane 
to make it possible to see the margins of the nerve at all times as 
well as easily visualize the tip of the needle, which has been shown 
to decrease the risk of intraneural injection(9).

Radiofrequency ablation (RFA) and cryoablation (CA) techniques 
have been recently employed to treat chronic pain in osteoarthri-
tis or prolonged pain following surgery. Particularly in the lower 
extremity RFA has been used to treat chronic pain by ablating the 
articular branches supplying the joints. These include the articular 
sensory branches of the femoral and obturator nerves in the hip(10) 
and the genicular nerves in the knee(11). RFA of the lateral femo-
ral cutaneous nerve has also been used to great effect in the set-
ting of meralgia paresthetica(12). While RFA procedures are often 
performed with fluoroscopic guidance, US is also widely used for 
more accurate targeting of the nerves(13). CA of peripheral nerves, 
also known as cryoneurolysis (CN), has also been used in the pelvis 
and lower extremity to treat conditions such as pudendal neuralgia, 
as well as the obturator nerve to relieve hip spasticity in a patient 
with multiple sclerosis(14). One feature distinguishing CN from RFA 
is the potential for nerve regeneration, which can result in the need 
for serial ablations to maintain pain relief(15).

Lower extremity neuropathies

Sciatic nerve

The sciatic nerve (SN) is the largest nerve in the human body. It 
originates from the ventral rami of the L2–S3 nerve roots which 
converge to form a single nerve. It consists of a larger and more me-
dial tibial trunk (TT) that is comprised of fibers from the L4–S3 
nerve roots, and a smaller, more lateral common peroneal trunk 
(CPT), which is comprised of fibers from the L4–S2 nerve roots. 
The two trunks are encased in a common nerve sheath. The nerve 
exits the pelvis passing below the piriformis muscle through the 
greater sciatic notch and continues in the posterior compartment of 
the thigh. As it approaches the popliteal fossa, it bifurcates into the 

tibial nerve (TN) and the common peroneal nerve (CPN). The TT 
gives motor innervation to the long and short heads of biceps femo-
ris, semimembranosus, and semitendinosus muscles. The CPT gives 
motor innervation to the short head of the biceps femoris muscle. 
The undivided SN has no direct sensory function. A commonly en-
countered anatomic variant is high division of the SN particularly 
at the level of the piriformis muscle. Beaton and Anson were the 
first to describe 6 morphological types of this variant anatomy(16). In 
a literature meta-analysis by Poutoglidou et al.(17), the pooled preva-
lence for variants other than the typical anatomy was 13%, and type 
B anatomy, in which the CPN exits the pelvis through the pirifor-
mis muscle, was the most common variant at 8% pooled prevalence 
(Fig. 4).

Sciatic neuropathy commonly presents as sharp pain, weakness, and 
numbness within the lower back, buttock, hip, posterior thigh, and 
lower leg. Direct nerve injury in the setting of trauma and pelvic 
fractures is the most common cause. Other etiologies include direct 
nerve compression due to mass effect from a herniated disc or piri-
formis syndrome as well as iatrogenic causes, such traction injury 
during total hip arthroplasty(18).

MRN is the modality of choice for evaluation of the SN as it is easily 
evaluated given its large size, with findings of thickening and in-
creased signal intensity of the nerve indicating neuropathy (Fig. 5). 
US can also be used to assess the SN, which can be seen proximally 
at the level of the ischial tuberosity deep to the gluteus maximus and 
piriformis muscles in the transverse orientation and traced distally 
(Fig. 6). Within the mid-thigh, the SN can be surprisingly difficult 
to distinguish from the surrounding posterior compartment skel-
etal muscles since it is often similar in echogenicity. In these cases, 
it is helpful to identify the nerve proximally as it exits the sciatic 
notch and courses close to the ischial tuberosity or distally in the 
popliteal fossa and track it proximally to the thigh. Normally, the 
individual nerve fascicles of the sciatic nerve are of similar thickness 
as compared to other peripheral nerves, which may have more vari-
able thickness. Direct US findings of neuropathy include hypoecho-
genicity and enlargement of the nerve as well as loss of the normal 
fascicular architecture. Fatty atrophy of the affected muscles of the 
hamstrings and adductor magnus can also be seen on both modali-
ties, but are more easily seen on MRN. Both US and MRN can reli-
ably detect space-occupying mass lesions that may be causing mass 
effect on the nerve.

Tab. 1.   Sample MR neurography protocol used for lumbosacral plexus evaluation. Imaging is performed from L2 through the femoral greater trochanters, 
and anterior abdominal wall and inguinal region imaging should be included to assess the femoral nerves as they extend to the thighs as well as 
some of the smaller nerves, such as the ilioinguinal and iliohypogastric nerves. Postcontrast imaging is performed primarily to achieve vascular 
suppression on the STIR SPACE sequence rather than to assess for nerve enhancement. Coronal oblique imaging can be optional to assess the L5 
and sacral nerve roots, is performed to be en face with the sacrum and is planned from a midsagittal localizer image. TE – echo time. TR – repeti-
tion time

Sequence TE (msec) TR (msec) Slice thickness Flip angle Acquisition matrix
Axial T1 10 600–700 3 mm 140 352 × 352
Axial STIR 60 4000 3 mm 140 320 × 320
Coronal STIR 60 4000 3 mm 140 384 × 384
Coronal T1 NFS 10 600–800 3 mm 150 512 × 512
Coronal Oblique T1 NFS 10 600–700 3 mm 140 320 × 320
Axial T1 FS precontrast 12 650 5 mm 160 320 × 320
Axial T1 FS postcontrast 12 650 5 mm 160 320 × 320
Coronal T1 FS postcontrast 12 650–1150 3 mm 150 320 × 320
Coronal STIR SPACE 3D post contrast 250 2500–3000 isotropic variable 384 × 384
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Piriformis syndrome

Piriformis syndrome (PS) is an uncommon cause of compressive 
sciatic neuropathy in which the piriformis muscle causes mass ef-

fect on the SN(19–20). It is considered a diagnosis of exclusion. A 6% 
incidence of PS has been reported in the literature in patients with 
sciatic neuropathy(21–22). Some authors have suggested that the pre-
viously mentioned SN anatomic variants may increase the risk of 
nerve compression, however their impact on the incidence of piri-
formis syndrome has not been definitively studied. In their cadav-
eric assessment of the sciatic nerve variations, Pokorný et al. con-
cluded that piriformis tenotomy routinely performed in the setting 
of total hip arthroplasty could result in contracture and shortening 
of the muscle, which can cause overstretching and compression of 

Fig. 4.  Sciatic nerve variations that can contribute to piriformis syndrome. A. A 34-year-old female patient with pain in the right lower extremity. Axial STIR 
SPACE post contrast imaging of the pelvis through the piriformis muscles demonstrates a type A sciatic nerve in relation to the piriformis muscle (arrow-
head). The main sciatic nerve (long arrow) and S2 nerve root (short arrow), which joins with the sciatic nerve more distally, are ventral to the piriformis 
muscle belly. B. A 58-year-old female patient with right lower extremity pain and weakness. Axial STIR SPACE post contrast imaging of the pelvis through 
the piriformis muscles demonstrates a type B sciatic nerve in relation to the piriformis muscle (arrowhead). The main sciatic nerve (long arrow) is ventral 
to the piriformis muscle. However, there is a slip of the piriformis muscle (arrowhead) that crosses ventral to the S2 nerve root (short arrow), and this nerve 
root is focally completely encased by the muscle. However, the type A variant is the most commonly seen (80% of cases), and the type B variant is the most 
common variant that has been associated with piriformis impingement (seen in 8% of cases). Several additional variants have been described. However, 
these are much less commonly seen

Fig. 5.  Coronal short tau inversion recovery (STIR) three-dimensional (3D) 
sampling perfection with application-optimized contrasts using different 
flip angle evolution (SPACE) maximal intensity projection (MIP) post-
contrast magnetic resonance (MR) image through the lumbosacral plex-
us. A 14-year-old male with a history of pelvic fracture after dirt bike 
accident shows post-traumatic pseudomeningocele formation involving 
the left L4–S1 neural foramina secondary to nerve root avulsions (ar-
row). There is associated asymmetric thickening and increased STIR sig-
nal within the intra-pelvic course of the left sciatic nerve (arrowhead). 
This sequence is often performed after contrast administration to sup-
press vascular signal and make the adjacent nerves more conspicuous

Fig. 6.  Normal grayscale sonographic appearance of the sciatic nerve in short 
axis (arrowhead) as it exits the pelvis deep to the piriformis and glu-
teus maximus muscles (arrow). Note that the echogenicity of the nerve 
is similar to the overlying muscles, which can make evaluation of the 
nerve challenging in this region
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the CPN in the type B variant(23). Lacking knowledge of the anatomic 
variants, especially the high bifurcation of the sciatic nerve, may in-
crease the risk of anesthetizing only the CPN or TN and not the 
other in the setting of sciatic nerve blockade(15). In addition to the 
typical findings of neuropathy, other MRN findings include asym-
metric hypertrophy of the piriformis muscle. Percutaneous injection 
of the affected piriformis muscle with local anesthetic and steroid as 
well as botulinum toxin type A have been widely used to great effect 
to relieve sciatic nerve compression(24). Steroid injection can cause 
atrophy of the muscle, thereby alleviating compression (Fig. 7).

Obturator nerve

The obturator nerve (ON) is a mixed sensory and motor nerve arising 
from the anterior divisions of the L2–L4 nerve roots. It courses antero-
inferiorly along the medial margin of the psoas major muscle before 
passing through the obturator canal, which is a small defect within 
the obturator membrane along the superior aspect of the obturator 
foramen, where it divides into its anterior and posterior divisions. 
The anterior division exits the obturator canal and enters the medial 
thigh, coursing between the adductor brevis and pectineus muscles 
and gives off motor branches to adductor brevis, adductor longus, 
and gracilis muscles as well as sensory branches to the hip joint and 
the medial thigh. The posterior division exits the obturator canal by 
piercing through the obturator externus muscle and courses between 
the adductor brevis and adductor magnus muscles, giving off motor 
branches to supply the obturator externus and the pubic part of the 
adductor magnus muscles as well as a sensory branch to the knee joint.

Obturator neuropathy most commonly presents with pain, numb-
ness, and paresthesias along the medial thigh, associated with weak-
ness in hip adduction and internal rotation(25). The etiologies of 
neuropathy include trauma, iatrogenic injury from pelvic surgery, 
mass effect from space occupying lesions such as tumors, obtura-
tor hernias, and in rare cases an acetabular paralabral cyst(26–27). The 
Howship-Romberg sign is defined as inner-thigh pain with internal 
rotation of the hip, which clinically indicates obturator neuropathy 
in the setting of an obturator hernia(28).

Given that a large portion of the ON is intra-pelvic in course, MRN 
is best suited for its evaluation. Increased signal intensity on fluid-

sensitive sequences and thickening of the nerve can be seen as well as 
denervation edema and fatty atrophy within the terminal adductor 
muscles. Both MRN and US can be effectively utilized to evaluate for 
space occupying lesions causing mass effect on ON. The ON and its 
branches can be found on US by using the adductor brevis muscle as 
an anatomic landmark. The anterior division of the ON can be seen 
coursing along the fascial plane between the adductor brevis and the 
adductor longus muscles, whereas the posterior division of the ON 
can be seen between the adductor brevis and the adductor magnus 
muscles. US has a distinct advantage in percutaneous block of the 
obturator nerve, which is commonly performed to prevent intra-
procedural sudden thigh adduction during transurethral resection 
of bladder tumor(29) (TURBT).

Lateral femoral cutaneous nerve

The lateral femoral cutaneous nerve (LFCN) is a pure sensory branch 
of the lumbar plexus arising from the posterior divisions of the L2 
and L3 nerve roots. It emerges from the lateral border of the psoas 
major muscle and courses along the iliacus muscle obliquely toward 
the anterior superior iliac spine (ASIS). After crossing the deep cir-
cumflex iliac vessel, the nerve exits the pelvis passing underneath 
the lateral end of the inguinal ligament and then dives vertically 
to run within the subcutaneous soft tissue along the surface of the 
sartorius muscle. It then splits into anterior and posterior divisions, 
which supply sensation to the anterior and lateral thigh respectively.

Meralgia paresthetica

Meralgia paresthetica, also known as LFCN entrapment, is a condi-
tion characterized by numbness, paresthesias, and pain in the an-
terolateral thigh, aggravated by standing, walking, or wearing tight 
clothing. Entrapment of the LFCN is most commonly caused by 
extrinsic compression as it crosses the inguinal ligament. Risk fac-
tors include obesity, wearing tight clothing, pregnancy, large volume 
ascites, injury to the hip or thigh, and diabetes(30). 

The nerve can be identified on US within the fascial plane between 
the sartorius muscle and the tensor fascia lata approximately 1–2 cm 
inferior to the ASIS at the level of the inguinal ligament(31). It can be 

Fig. 7.  A 31-year-old male with clinical symptoms of left-sided piriformis syndrome. A. Coronal T1-weighted (T1W) non-fat suppressed (NFS) MR image of the 
pelvis prior to steroid injection demonstrates symmetric appearance of the piriformis muscles (arrowheads). Coronal (B) and axial (C) T1W NFS MR im-
ages of the pelvis after steroid injection demonstrate marked atrophy of the left piriformis muscle as compared to the right (arrowhead), with the left sciatic 
nerve running through the greater sciatic notch (arrow)
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traced proximally to the point where it courses beneath the inguinal 
ligament and distally, where the anterior division crosses over the 
sartorius. Ultrasound findings of neuropathy include abrupt caliber 
change at the ASIS with indistinct perineurium and abnormal intra-
neural vascularity(32). MRN findings of neuropathy include thicken-
ing of the LFCN, compression of the nerve at the level of the ingui-
nal ligament, and abnormal bright signal similar to that of regional 
veins on fluid-sensitive FS MRI sequences (Fig. 8)(33). 

Femoral nerve

The femoral nerve (FN) arises from the dorsal divisions of the L2–L4 
nerve roots of the lumbar plexus. It courses through the psoas major 
muscle and extends anterior to the iliopsoas muscle running under 
the inguinal ligament into the anterior thigh. It gives off the nerve 
to the pectineus muscle at the level of the inguinal ligament before 
splitting into anterior and posterior divisions within the upper thigh 
as it courses through the femoral triangle. The femoral triangle is 
an anatomical space in the anterior upper thigh bounded laterally 
by the medial border of sartorius, medially by the medial border of 
the adductor longus, and superiorly by the inguinal ligament. From 
lateral to medial, it contains the FN, femoral artery, and femoral vein. 
The anterior division gives rise to the intermediate femoral cutane-
ous nerve, medial femoral cutaneous nerve, and the nerve to the sar-
torius. The posterior division gives rise to the saphenous nerve (SaN) 
and motor branches to the quadriceps femoris muscles. The FN pro-
vides motor supply to the quadriceps femoris muscles, pectineus, 
and sartorius and sensory supply to the anteromedial aspect of the 
thigh and medial aspect of the knee extending to the foot via the SN.

Femoral neuropathy presents with groin pain, weakness with hip 
flexion and knee extension, and numbness along the anteromedial 
thigh and medial lower leg. The most common cause is iatrogenic 
compression in the setting of the pelvic and hip surgeries as well as 
during femoral vascular access(34). Other less common etiologies in-
clude direct injury in the setting of trauma, mass effect from tumors, 
infection, and diabetes.

Both US and MRN can be utilized for the evaluation of femoral neu-
ropathy. However, MRN has distinct advantages in that it is opera-
tor-independent and can more easily evaluate its deep intra-pelvic 

course, which is frequently limited on US evaluation due to overly-
ing bowel gas(5). Apart from the typical appearance of neuropathy, 
both MRN and US can be used to evaluate for space occupying le-
sions that may be causing mass effect on the FN. Fatty atrophy of the 
quadriceps muscles can also indicate neuropathy and is easily seen 
on both modalities, although denervation edema of the muscles is 
better evaluated on MRN (Fig. 9).

Saphenous nerve (SaN)

The SaN is the largest cutaneous branch of the FN. It is a continua-
tion of the posterior division of the FN and is the longest nerve in the 
body. It branches from the FN at the level of the upper thigh and trav-
els through the adductor (Hunter’s) canal alongside the femoral artery 
and vein (Fig. 10), and supplies a branch to the vastus medialis muscle. 

Fig. 8.  A 36-year-old female with a clinical history of meralgia paresthetica. 
Axial 3D STIR SPACE MIP image demonstrates asymmetric thickening 
and increased signal of the right lateral femoral cutaneous nerve at the 
anterior superior iliac spine (arrowhead)

Fig. 9.  An 18-year-old male with a history of deep lacerations of the medial 
aspect of the right mid-to-distal thigh after an accident through a glass 
door resulting in transection of the femoral artery and nerve. Axial 
STIR MR image through the mid-to-distal right thigh demonstrates 
marked denervation edema within the vastus medialis (arrow), vastus 
intermedius (asterisk), vastus lateralis (arrowhead), and rectus femoris 
(curved arrow) muscles

Fig. 10.  A 21-year-old female with a history of multiple gunshot wounds to the 
left thigh. Transverse grayscale ultrasound (US) image through the me-
dial mid-thigh demonstrates the normal “honeycomb” appearance of 
the saphenous nerve (arrowhead) within the adductor (Hunter’s) canal 
as it runs adjacent to the femoral artery and deep to the sartorius mus-
cle. The fascicles of this nerve are similar size in cross-sectional area
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The adductor canal is bordered anteromedially by the sartorius muscle, 
laterally by the vastus medialis muscle, and posteriorly by the adduc-
tor longus and magnus muscles. In the knee, the SaN travels inferiorly 
alongside the saphenous vein to the foot. The SaN is a purely sensory 
nerve supplying the medial thigh and lower leg extending to the foot.

Saphenous neuropathy presents with pain and paresthesia in its dis-
tribution. This is a well-known complication after total knee arthro-
plasty, anterior cruciate ligament reconstruction, knee arthroscopy, 
and knee trauma (Fig. 11)(35). Although the nerve is visible on both 
MRN and US, its small caliber results in decreased signal on fluid-
sensitive FS MRI sequences and may make the normal nerve incon-
spicuous on MRN. As a result, US may be the best initial imaging 
modality to assess the SaN. The SaN can be consistently found on 
US just distal to the adductor canal between the femoral artery and 
the sartorius muscle. These anatomic landmarks can also be used for 
US-guided saphenous nerve blocks. This was well-demonstrated by 
Saranteas et al., who observed complete sensory block in the SaN 
distribution without motor deficits in 22 of 23 healthy volunteers 

injected with 1.5% lidocaine into the compartment bounded by the 
femoral artery and sartorius muscle(36). Apart from the typical find-
ings of neuropathy, MRN and US can be useful for visualizing space 
occupying lesions that may cause extrinsic compression on the SaN. 
Since it is purely sensory, no muscle fatty atrophy will be seen.

Tibial nerve

The tibial nerve (TN) is a terminal branch of the sciatic nerve in 
the distal third of the lower leg. It courses through the popliteal 
fossa posterior to the popliteal vessels, between the heads of the gas-
trocnemius, and deep to the tibial and fibular heads of the soleus 
muscle (soleal sling). It continues distally in the posterior lower leg, 
running with the posterior tibial vessels to the level of the postero-
medial ankle, where it passes deep to the flexor retinaculum and 
through the tarsal tunnel alongside the long medial flexor tendons 
and the posterior tibial vessels. At the level of the medial malleolus, 
the TN divides into its 3 terminal branches: the medial calcaneal 

Fig. 11.  A 54-year-old female patient with medial ankle laceration with a glass shard 7 months prior. A–C. T2-weighted (T2W) axial FS MR images of the distal 
tibial metaphysis on a routine ankle MRI from proximal to distal show a thickened, edematous saphenous nerve proximal to the site of laceration (arrow) 
in A. B. At the site of the laceration, the nerve is not seen. However, it is unclear whether this represents nerve discontinuity or focal fibrosis. C. Distal to the 
site of laceration, the nerve is again thickened and edematous (arrow). D. Long axis panoramic image of the saphenous nerve shows the complementary 
information provided by ultrasound. There is a complete transection with a nearly 2 cm gap in the nerve (arrows) that was difficult to see on MRI. The 
medial distal tibial metaphyseal cortex deep to the proximal tendon stump is irregular (arrowhead), likely related to the laceration. E. Long axis color 
Doppler image of the proximal nerve stump shows mild, bulbous thickening of the nerve (between calipers), indicating a developing stump neuroma. The 
patient had more focal tenderness over this area. No intraneural hyperemia was seen
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nerve (MCN), the medial plantar nerve (MPN) and the lateral plan-
tar nerve (LPN) (Fig. 12).

The TN provides motor supply to all of the superficial and deep 
muscles in the posterior compartment of the lower leg. The superfi-
cial muscles include the soleus, gastrocnemius, plantaris, and pop-
liteus. The deep muscles include the tibialis posterior, flexor hallucis 
longus, and flexor digitorum longus. In the lower leg, the TN gives 
off 2 cutaneous branches: the sural nerve (SuN), which gives sensory 
supply to the posterolateral lower leg, lateral foot, and fifth toe, and 
the medial calcaneal nerve (MCN), which gives sensory supply to 
the medial aspect and sole of the heel.

Tarsal tunnel syndrome

A common area of TN entrapment is the tarsal tunnel in the set-
ting of tarsal tunnel syndrome (TTS), which is analogous to carpal 
tunnel syndrome in the wrist. The tarsal tunnel is a fibro-osseous 
tunnel along the posteromedial ankle. The flexor retinaculum makes 
up the roof of the tarsal tunnel, while the medial surfaces of the 
tibia, talus, and calcaneus make up the floor. Presenting symptoms 
of TTS include burning pain and paresthesias within the heel, sole, 
and toes, exacerbated by weight bearing. Given that the tarsal tunnel 
is a narrow space, space occupying lesions such as ganglion cysts, 
varicosities, and tumors such as schwannomas, along with flexor te-
nosynovitis can cause extrinsic compression of the TN. Congenital 
abnormalities such as talocalcaneal coalition can also cause TTS. 
However, the most common cause of TTS is idiopathic, accounting 
for approximately 50% of cases(37). 

Both US and MRN can be employed to evaluate for direct nerve 
abnormalities as well as space occupying lesions causing mass effect 
within the tarsal tunnel. The TN at the tarsal tunnel is easily found 
on US by placing the probe in transverse orientation, parallel with 
the malleolar-calcaneal axis, and it is found superficial to the flexor 
tendons (Fig. 13 A)(38). US of superficial nerves, such as the TN in 
the tarsal tunnel, has a distinct advantage over MRN in being able 
to elicit a Tinel’s sign during scanning. These anatomic landmarks 
are also often utilized for US-guided percutaneous injection of anes-
thetic and corticosteroids into the tarsal tunnel (Fig. 13 B).

Soleal sling syndrome

A less common area of TN entrapment is at the level of the soleal 
sling in the setting of soleal sling syndrome (SSS), where the TN 
becomes compressed under the fibrous sling between the tibial and 
fibular origins of the soleus muscle (Fig. 14). Clinical findings in-
clude exquisite tenderness at the site of compression, usually 5–9 cm 
distal to the knee joint as well as a positive Tinel’s sign. 

Fig. 12.  Diagram of the tibial nerve branching. TN – tibial nerve; MCN – me-
dial calcaneal nerve; ICN – inferior calcaneal nerve; LPN – lateral 
plantar nerve; MPN – medial plantar nerve

Fig. 13.  A 73-year-old female with a clinical history of tarsal tunnel syndrome who presented for US-guided percutaneous local anesthetic and steroid injection 
of the tarsal tunnel. A. Short-axis grayscale US image of the tarsal tunnel parallel with the malleolar-calcaneal axis demonstrates the normal anatomy 
of the contained structures including the posterior tibialis tendon (arrow), flexor digitorum longus tendon (curved arrow), flexor hallucis longus tendon 
(asterisk), and the tibial nerve (arrowhead). B. Short-axis grayscale US image demonstrates the tip of a 25-gauge needle (arrowhead) within the tarsal 
tunnel between the posterior tibialis tendon (arrow) and the flexor digitorum longus tendon (curved arrow)
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MRN findings include thickening of the fascial soleal sling with 
compression and flattening of the TN and abnormal hyperintense 

signal within the nerve on fluid-sensitive sequences, which gradually 
fades and resolves in the distal calf (Fig. 15). In addition to a thick-
ened soleal fascial sling, space occupying lesions such as extraneural 
ganglion cysts and tethering vascular leashes can be seen exerting 
a “sandwich effect” on the nerve(39). Denervation edema and fatty at-
rophy of the muscles of the posterior leg can also be seen. The TN can 
be easily traced by first identifying the popliteal artery in the popli-
teal fossa in the transverse orientation and identifying the nerve just 
superficial to it. Space occupying lesions and denervation fatty atro-
phy of the muscles can also be seen on US in addition to flattening of 
the nerve at the soleal sling. In our experience, the imaging findings 
described in soleal sling syndrome may be infrequently observed in 
patients with clinical symptoms of this condition.

Medial plantar nerve

The MPN is one of three terminal branches of the TN which origi-
nates at the level of the medial malleolus and courses within the 
medial plantar tunnel after traversing between the abductor hallu-
cis and quadratus plantae muscles in close proximity to the master 
knot of Henry, which is the site where the flexor hallucis longus and 
flexor digitorum longus tendons crossover each other in the plantar 
midfoot. In the distal midfoot, it passes between the abductor hal-
lucis and flexor digitorum brevis muscles and gives off the medial 
proper digital nerve to the great toe before branching into three 
common plantar digital nerves, which course along the first, sec-
ond, and third intermetatarsal web spaces. The MPN gives motor 
supply to four intrinsic muscles of the forefoot including the abduc-
tor hallucis, flexor hallucis brevis, flexor digitorum brevis, and the 
first lumbrical. Fatty atrophy of these muscles may be seen on MRI, 
MRN and/or US in the setting of neuropathy. The MPN gives sen-
sory supply to the medial distal two-thirds of the plantar surface of 
the foot as well as the adjacent plantar surfaces of the first through 
fourth toes. MPN compression or entrapment is referred to as “jog-
ger’s foot.”

Fig. 15.  A. Axial T1W NFS MR image of the left leg at the level of the soleal sling in a 31-year-old female patient with chronic ankle pain with concern for tibial 
neuropathy at the soleal sling demonstrates flattening of the tibial nerve (arrowhead) with effacement of the intervening fat plane between it and the 
fascial soleal sling (arrows). B. Axial T1W NFS image at the level of the soleal sling in a different patient demonstrates a normal tibial nerve (arrowhead) 
with preservation of the intervening fat between it and the soleal sling

Fig. 14.  Diagram of the soleal sling between the medial and lateral gastrocne-
mius heads. TN – tibial nerve, CPN – common peroneal nerve; SM – 
semimembranosus muscle; BF – biceps femoris muscle; MG – medial 
gastrocnemius muscle; LG – lateral gastrocnemius muscle
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Jogger’s foot

As the name suggests, jogger’s foot is commonly seen in recreational 
joggers as well as running athletes with a clinical presentation of 
pain along the heel and medial plantar arch as well as numbness 
and paresthesias along the medial plantar foot and plantar first and 
second toes. A  positive Tinel’s sign may be elicited in the medial 
plantar arch immediately posterior to the navicular tuberosity(40). 
The etiologies of jogger’s foot include structural abnormalities of the 
foot, such as hindfoot valgus, running activities in shoes with poor 
arch support resulting in repetitive microtrauma to the nerve, ex-
trinsic compression of the nerve from space-occupying lesions such 
as ganglion cysts, flexor tenosynovitis, and iatrogenic causes usually 
related to foot surgery. The most common site of nerve entrapment 
is between the master knot of Henry and the navicular tuberosity.

Apart from the typical findings of neuropathy, MRN and US can be 
used to evaluate space occupying lesions causing extrinsic compres-
sion on the nerve (Fig.  16). Both modalities can also evaluate for 
tenosynovitis of the flexor hallucis longus and flexor digitorum lon-
gus tendons at the master knot of Henry, causing entrapment of the 
nerve between it and the navicular tuberosity (Fig. 17 A). Fatty atro-
phy of the terminal muscles, especially the abductor hallucis muscle, 
can also point to the diagnosis (Fig. 17 B and C)(41). The MPN can be 
identified on US as the most anterior nerve at the tibial tunnel with 
the probe in transverse orientation along the malleolus-calcaneal 
axis adjacent to the posterior tibial vessels(42).

Morton’s neuroma

Chronic entrapment of the plantar digital nerves of the foot by the 
intermetatarsal ligament can result in perineural fibrosis known as 
Morton’s neuroma. It is more likely to occur in the third rather than 
the second intermetatarsal web spaces, and rarely in the first and 
fourth intermetatarsal web spaces. The clinical presentation includes 

pain and paresthesias in the intermetatarsal region exacerbated by 
weightbearing or use of high-heeled shoes. However, it should be 
noted that not all Morton’s neuromas are symptomatic. Bencardino 
et al. found that 33% of cases can be asymptomatic and clinically 
“silent”(43). Classic ultrasound findings of a Morton’s neuroma in-
clude a focal, hypoechoic, noncompressible nodule at the level of the 
metatarsal heads centered in the intermetatarsal web space and un-
der the intermetatarsal ligament. Dynamic side to side compression 
of the metatarsal heads causes displacement of the nodule toward 
the plantar surface with a palpable and sometimes audible click 
when examined with real-time US, which is called the sonographic 
Mulder sign (Fig. 18). Morton’s neuroma is best seen on short-axis 
sequences of the forefoot on MRI with findings including an ovoid 
mass centered at the plantar aspect of the intermetatarsal web space, 
which, given its fibrous composition, exhibits intermediate to low 

Fig. 16.  A 48-year-old female with injury to the left ankle after a motor vehicle 
accident, who presented with numbness to the plantar medial aspect 
of the distal forefoot. Axial grayscale US image of the inframalleolar 
ankle demonstrates an anechoic ganglion cyst (arrow) adjacent to and 
causing mass effect on a thickened and hypoechoic medial plantar 
nerve (arrowhead). FDL – flexor digitorum longus

Fig. 17.  A 43-year-old female with medial sided ankle pain. A. Coronal T2-weighted (T2W) fat-suppressed (FS) MR image through the ankle demonstrates thick-
ening and increased signal within the medial plantar nerve (arrowhead), which can be seen in the setting of Jogger’s foot. B. Short-axis T2W FS MR image 
of the forefoot at the level of the metatarsal bases demonstrates denervation edema within the abductor hallucis muscle (arrowhead)
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signal intensity on T1W and fluid-sensitive FS sequences. Specifical-
ly, short-axis and horizontal long-axis T1W NFS sequences without 
fat suppression may be most useful for detecting Morton’s neuroma 
(Fig.  19). Fluid-sensitive FS imaging may be less useful since the 
lesions usually do not have high signal intensity on fluid-sensitive 
sequences and may be difficult to see particularly when there is 
fat-suppression. Additionally, Morton’s neuromas often enhance 
following intravenous gadolinium administration; however, given 
its fibrotic etiology, more delayed imaging may be helpful to detect 
enhancement(44). Torres-Calaramont et al. directly compared MRN 
versus US for evaluation of Morton’s neuromas and found that MRN 
had a higher sensitivity of 85.5% as compared to 56.5% for US(45). Al-
though the authors agree with the works of Shart et al.(46) and Resch 
et al.(47) that recommended against mandating ancillary tests in the 
workup of patients with Morton’s neuromas, they do suggest it may 
be prudent to consider non-invasive confirmation with imaging 
prior to surgical management given the medicolegal implications 

otherwise. In our experience, imaging can be particularly helpful in 
distinguishing Morton’s neuromas from plantar plate injuries, which 
can have some overlapping clinical presentations. Following surgical 
resection of a Morton’s neuroma, the treated web space can appear 
normal, may contain intermetatarsal bursal fluid, may have scarring 
and architectural distortion, or may have Morton’s neuroma-like 
nodular soft tissue centered in the plantar intermetatarsal space that 
could represent fibrous material, consistent with recurrent Morton’s 
neuroma, or it could cause disorganization of neural tissue and rep-
resent a stump neuroma. Espinoza et al. reported their results re-
garding the postoperative appearance of the intermetatarsal space 
in their series of 90 Morton’s neuromas in 58 patients. Fifty-seven 
percent of postoperative intermetatarsal spaces had abnormalities, 
which rose to 86% in symptomatic patients. Thirty-two percent of 
the patients in their cohort had Morton’s neuroma-like nodular soft 
tissue, although this increased to 50% in the symptomatic group. 
Given enough time following surgical resection, most people will 

Fig. 18.  A 61-year-old female with left foot metatarsalgia and clinical concern for Morton’s neuroma. A. Short-axis grayscale US image of the left plantar forefoot 
at the level of the metatarsal heads without compression demonstrates a hypoechoic lesion within the third intermetatarsal web space compatible with 
a Morton’s neuroma (arrowhead). B. Dynamic compression of the metatarsals on an US image in the same position demonstrates a positive sonographic 
Mulder sign with plantar displacement of the neuroma (arrowhead) (Video 2)

Fig. 19.  A 46-year-old male with a 1-year history of forefoot pain between the third and fourth 
toes. Short-axis (A) and horizontal long-axis (B) T1W NFS MR images demonstrate 
a tear-drop shaped isointense lesion in the third intermetatarsal web space (arrowheads) 
compatible with a Morton’s neuroma. T1W NFS sequences are often the most useful 
for detecting Morton’s neuromas on MRI since they use the fat as a natural contrast to 
outline the abnormality

BA

B

A



e340 J Ultrason 2023; 23: e328–e346

Steven Kyungho Lee, Ali Mostafa Serhal, Muhamad Serhal, Julia Michalek, Imran Muhammad Omar

develop a stump neuroma; however, only a minority of these will be-
come symptomatic. Stump neuromas may develop in as little as 3–4 
months after surgery but can take up to 18 months. The symptoms 
may reproduce those of the original Morton’s neuroma, or, in some 
cases, may be more intense.

Lateral plantar nerve

The LPN is another of the three terminal divisions of the TN, which 
originates at the tarsal tunnel. It gives off the inferior calcaneal nerve 
(ICN) at the level of the medial malleolus before passing through 
the deep fascia of the abductor hallucis muscle (abductor tunnel). 
It then courses laterally in the plantar foot between the flexor digi-
torum and quadratus plantae muscles toward the fifth metatarsal 
head, where it divides into its superficial and deep components. The 
LPN provides motor supply to the lateral intrinsic forefoot muscles, 
including the quadratus plantae, flexor digiti minimi brevis, adduc-
tor hallucis, dorsal and plantar interossei, the lateral three lumbri-
cals, and abductor digiti minimi, and provides sensory supply to the 
plantar distal two-thirds of the lateral sole, fifth toe, and the lateral 
half of the fourth toe. The clinical presentation of LPN neuropathy 
often includes numbness and paresthesias along the lateral sole 
of the foot. Frequent causes include extrinsic compression of the 
nerve at or distal to the tarsal tunnel, diabetes, and most commonly 
trauma, which most often occurs at the abductor tunnel(48). On US, 
the nerve is best identified in short-axis at the distal tarsal tunnel 
posterior to the medial plantar nerve and can be traced distally. US 
findings of neuropathy include enlargement and hypoechogenicity 
of the nerve with loss of the normal fascicular architecture. MRN 
findings include thickening and increased signal of the nerve. Both 
modalities can be used to identify any space occupying lesions that 
may exert mass effect on the nerve.

Inferior calcaneal nerve

The ICN (also known as Baxter nerve) is the first branch of the lat-
eral plantar nerve, which originates at the level of medial malleolus 
and dives vertically between the abductor hallucis and quadratus 
plantae before taking a sharp 90 degree turn horizontally to course 
laterally under the calcaneus to provide motor supply to the abduc-
tor digiti quinti/minimi muscle. It also provides sensory supply to 
the calcaneal periosteum and the long plantar ligament. The ICN 
can occasionally arise directly from the TN and the MCN.

Baxter neuropathy

ICN neuropathy, also known as Baxter neuropathy, results in heel 
pain. There are two main areas of nerve entrapment. The first is be-
tween the abductor hallucis and quadratus plantae muscles, where 
the nerve changes direction. The second is adjacent to the medial 
calcaneal tuberosity(49). Risk factors for nerve entrapment include 
muscle hypertrophy, obesity, pes planus, calcaneal enthesophytes, 
and plantar fasciitis, the latter two of which are the most common 
overall causes of heel pain(50). Denervation edema and selective fatty 
atrophy of the abductor digiti quinti muscle can be seen on MRN 
(Fig. 20). The ICN can be identified on US by first identifying where 
it branches from the LPN within the tarsal tunnel. It can then be 
traced distally between the abductor hallucis and quadratus plantae 

muscles as well as adjacent to the medial calcaneal tuberosity, both 
of which can be targeted for US-guided percutaneous anesthetic and 
steroid injection(51). An additional anatomic landmark is deep to the 
origin of the plantar fascia. Atrophy of the ADQ can be evaluated on 
US by comparing it with the contralateral side.

Medial calcaneal nerve

The MCN is the last of the three terminal branches of the TN and 
typically originates at the level of the medial malleolus. However, it 
can vary in origin and number as demonstrated by Zhang et al. who 
described 6 different branching patterns in which one or two MCNs 
originated from either the TN or LPN and never from the MPN(52). 
The MCN has an oblique course running inferiorly and posteriorly 
along the medial surface of the calcaneus and gives sensory sup-
ply to the medial heel and sole of the foot. MCN neuropathy can 
present as pain and paresthesias along this distribution. Common 
etiologies of isolated MCN neuropathy include direct trauma, dia-
betes and iatrogenic injury secondary to surgery. The nerve can be 
found on US in the transverse plane within the tibial tunnel as the 
third most posterior nerve overlying the calcaneus and can be traced 
distally(42). Potential treatments for MCN neuropathy include percu-
taneous anesthetic and steroid injection as well as radiofrequency 
nerve ablation(53).

Fig. 20.  A 64-year-old female with lateral ankle pain while walking. Coronal 
T1W NFS MR image of the hindfoot demonstrates severe fatty atrophy 
of the abductor digiti quinti muscle (arrowhead) that is often seen in 
the setting of inferior calcaneal neuropathy
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Common peroneal nerve

The common peroneal nerve (CPN) is one of the two terminal 
branches of the sciatic nerve, originating proximal to the peroneal 
fossa. It provides sensory and motor innervation to the lower leg and 
foot. It initially courses posterolaterally, running just posterior to the 
long head of the biceps femoris muscle. As the nerve descends, it 
wraps around the fibular neck, located approximately 2 cm distal to 
the fibular head, and subsequently passes beneath the lateral com-
partment of the calf. Near the fibular neck, the nerve divides into its 
deep and superficial branches(54).

The CPN is vulnerable to entrapment and traction, which can oc-
cur anywhere along its course, especially at the level of the fibular 
head, where it winds around the fibular neck. Trauma in the form 
of a direct blow or fracture to the fibular head is the most common 
cause of CPN neuropathy (55). Other etiologies for entrapment in-
clude prolonged immobilization, habitual leg crossing, tight-fitting 
casts or braces, and compression from surrounding structures such 
as tumors or cysts. Traction or stretch injuries to the CPN can occur 
during certain activities such as bungee jumping, as well as in the 
setting of varus knee injuries with rupture of the lateral ligaments(56). 
The presence of a thin body habitus or a history of rapid weight loss 
have been identified as potential risk factors for peroneal neuropa-
thy which has been attributed to the paucity of subcutaneous soft 
tissue, increasing the likelihood of nerve compression(53). The main 
presentation of CPN entrapment syndrome is a foot drop resulting 
from weakness of ankle and toe dorsiflexion, and foot eversion. Oth-
er symptoms may include numbness, tingling, or pain at the lateral 
aspect of the leg and top of the foot. In severe cases, muscle atrophy 
may occur due to denervation(57).

On US, the CPN can most easily be found by identifying its origin 
at the bifurcation of the distal sciatic nerve in the posterior knee and 
tracing it distally as it courses laterally around the fibular neck. It is 
best evaluated in short-axis which allows for evaluation of the nerve 
itself (which should be of uniform thickness) as well as characteriza-
tion of the nerve’s spatial relationships in relation to surrounding 
anatomic structures(58). Color Doppler evaluation can also be help-
ful as any detected internal color flow is considered a pathological 
finding(59). Both MRI and US can be used to evaluate for space occu-
pying lesions such as tumors or ganglion cysts. Specifically, a proxi-
mal tibiofibular ganglion cyst is rare but well-known entity that can 

cause extrinsic compression on the CPN resulting in neuropathy 
(Fig.  21)(60). Increased signal on fluid-sensitive FS MRI sequences 
and thickening of the CPN are common MRN findings of neuropa-
thy (Fig. 22). Denervation edema within the terminal muscles is best 
seen on MRN while fatty atrophy of the muscles may be seen on 
both US and MRN.

Intraneural ganglion cysts are an unusual but well-documented 
cause of peroneal neuropathy that are diagnosed on imaging and 
can be treated surgically. The majority of described cysts are felt to 
arise from a capsular defect in the proximal tibiofibular joint that 
allows synovial fluid to course along the epineurium of the articular 
branch of the CPN. As the cyst enlarges, it generally tracks superi-

Fig. 21.  A 62-year-old male with foot drop. Axial PD FS MR image of the knee 
at the level of the proximal tibial metaphysis shows a lobulated cyst-
like lesion anterior to the fibular neck (arrowhead). There is a thinner 
neck arising from the proximal tibiofibular joint (arrow), indicating 
that the ganglion likely arises from the proximal tibiofibular joint and 
may extend along the articular branch of the CPN. Finally, there is 
mild, diffuse anterior tibialis muscle edema (asterisk), which is com-
patible with peroneal neuropathy

Fig. 22.  A 68-year-old female with pain and swelling of the left knee and foot drop. Axial (A) and coronal (B) T2W FS MR images of the left knee demonstrate 
thickening and increased signal within the common peroneal nerve as it curves along the fibular neck (arrowhead). C. Short-axis grayscale US image at 
the fibular head in an 18-year-old female presenting with foot drop demonstrates marked thickening of a hypoechoic common peroneal nerve with loss of 
the normal fascicular architecture (arrowhead)
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orly along the CPN toward the sciatic nerve, and in some instances 
when it becomes long enough, it may course distally along the tibial 
nerve. In rare instances, the ganglion can arise from the posterior 
knee joint capsule and involve the CPN more proximally, near the 
sciatic nerve bifurcation into the CPN and TN. Intraneural ganglia 
can be well-seen on MRN as a fluid-signal intensity lesion arising 
from the proximal tibiofibular joint and coursing along the fibular 
neck that expands the CPN. This is often associated with denervation 
muscle changes in the anterior and peroneal muscle compartments 
of the lower leg, including diffuse muscle edema on fluid-sensitive 
sequences and possibly atrophy on T1W NFS sequences when it be-
comes chronic. The ganglion is seen as a hypoechoic or anechoic 
lobulated structure associated with the CPN with posterior acousti-
cal “enhancement”, typical of cyst-like lesions. No internal vascular-
ity should be seen on Doppler imaging. MRN may be preferred to 
characterize this lesion since it usually shows the curvilinear stalk 
extending from the proximal tibiofibular joint and coursing along 
the CPN better, and it can show denervation muscle abnormalities 
before they become chronic and irreversible. 

Superficial peroneal nerve

The superficial peroneal nerve (SPN) arises from the lateral aspect 
of the common peroneal nerve and travels in the lateral compart-
ment of the leg. It courses in an anteroinferior orientation between 
the peroneus brevis, peroneus longus, and extensor digitorum 
longus muscles(59). As the nerve reaches the lower third of the leg, 
approximately 5 cm proximal to the ankle joint, it penetrates the 
crural fascia to emerge from the lateral compartment of the leg to 
become subcutaneous. The SPN most commonly penetrates the 
crural fascia as a single branch and then divides into two termi-
nal sensory branches: the intermediate cutaneous nerve (IDCN) 
and medial dorsal cutaneous nerve(61). Anatomic variations include 
absence of either of the two terminal sensory branches, a course 

within the anterior compartment of the leg after piercing the inter-
muscular septum, or high division of the CPN prior to piercing the 
crural fascia(62).

Trauma, such as plantar flexion and inversion ankle sprain or frac-
ture, is the most common cause of SPN neuropathy. Other causes 
can include repetitive use injuries, nerve entrapment due to the 
aforementioned anatomical variations, or compression by tight 
clothing or footwear. Additionally, certain occupations like dancing 
may increase the risk of SPN entrapment due to repetitive plantar 
flexion and inversion(63). Occasionally, peripheral nerve entrapment 
can be associated with myofascial herniations. Tong et al. reported 
a small case series of 11 patients with peripheral nerve entrapment 
by muscle herniation. They found that the SPN was the most com-
monly involved nerve and was associated with peroneal muscle her-
niation. 

SPN neuropathy most commonly presents with numbness and par-
esthesias in the lateral lower leg and dorsum of the foot, sparing 
the first web space and the fifth toe without significant peroneal 
muscle weakness. A notable feature of this condition is that pain 
increases when the foot is forcefully inverted, which pulls the nerve 
against its trapped position as it goes through the deep fascia of the 
lower leg. These symptoms are often exacerbated during walking 
and exercise(64).

The SPN can be easily observed throughout its path using US due 
to its shallow location, which may offer a more comprehensive char-
acterization of its fascicular structure compared to MRN. Moreover, 
US has the added advantage of being able to elicit a Tinel’s sign and 
utilize dynamic maneuvers to evaluate for myofascial hernias(65). 
Subtle caliber change and decreased echogenicity can be more eas-
ily detected by comparing it to the nerve in the contralateral leg 
(Fig.  23). On MRN, the  extensor digitorum longus muscle  serves 
as a landmark for the identification of the nerve. As per other neu-

Fig. 23.  A 72-year-old female with a palpable abnormality in the lateral mid to distal lower leg. Palpation of this area causes paresthesias over the anterolateral 
distal lower leg radiating to the foot. A. Coronal T2W FS image of the distal lower leg shows a 1.1 cm mass (arrow) immediately deep to a vitamin E 
capsule indicating the location of the palpable abnormality. The mass is continuous proximally and distally with the superficial peroneal nerve (SPN) 
(arrowheads). The lesion avidly enhanced following intravenous contrast administration (not shown). B. Long axis grayscale US image of the same 
lesion shows a 1.2 cm nodule (arrow) corresponding to the palpable abnormality and the MRI finding that is continuous with the SPN. The nerve has 
a typical fasciculated appearance proximally and distally (arrowheads). The majority of the nerve fibers are displaced superficially and the lesion ap-
peared to arise eccentrically from the deeper fibers of the nerve, suggesting it represents a schwannoma. However, the diagnosis should be confirmed 
histologically
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ropathies, abnormal caliber, thickening, and increased intensity of 
the nerve are usually detected on fluid-sensitive FS MRN (Fig. 24). 
Additionally, MRN has a better ability to detect surrounding soft 
tissue and muscle denervation than US(66).

Deep peroneal nerve

The deep peroneal nerve (DPN) arises from the medial aspect of the 
common peroneal nerve traveling in an oblique orientation distally and 
anteriorly, passing from the lateral compartment into the anterior com-
partment of the leg by piercing the anterior intermuscular septum(67). 
As it continues coursing distally, it is accompanied by the anterior tibial 
artery, and is located anterior to the interosseous membrane, deep to 
the extensor digitorum longus muscle, and between the extensor digi-
torum longus and the tibialis anterior muscles. At the ankle, the nerve 
runs in the anterior tarsal tunnel, a fibro-osseous tunnel created by the 
inferior extensor retinaculum, medial malleolus, lateral malleolus, and 
the talonavicular joint capsule. Then, approximately 1 cm distal to the 
ankle mortise, the DPN typically divides into the medial terminal and 
lateral terminal branches(68). The DPN provides motor supply to tibialis 
anterior, extensor digitorum, extensor hallucis longus, and peroneus 
tertius muscles in the lower leg, as well as extensor digitorum brevis, 
and extensor hallucis brevis muscles in the ankle via the lateral termi-
nal branch. It provides sensory supply to the first intermetatarsal web 
space. 

Newer, high frequency US transducers can usually depict the proxi-
mal segment of the DPN just distal to the knee and the distal seg-
ment in the distal lower leg and ankle. In the mid lower leg, when 
the nerve dives deeply, it may be difficult to assess, particularly if 
there is muscle fatty infiltration. In these cases, color or power Dop-
pler imaging may help to identify the nerve by locating the adjacent 
anterior tibial artery (Fig. 25).

Fig. 24.  A 22-year-old female with a history of traumatic right ankle inversion 
injury and clinical concern for superficial peroneal nerve injury. Long-
axis grayscale US images of the lateral distal calves (right side on top, 
left side on bottom for comparison) demonstrate markedly hypoechoic 
and thickened right SPN (arrowhead) as compared to the contralateral 
side (arrow)

Fig. 25.  A 36-year-old asymptomatic female imaged to assess the deep peroneal nerve (DPN). A. Transverse grayscale US image of the proximal lower leg shows the DPN 
(arrow). Proximally, the CPN is usually well seen dividing into the DPN and SPN. However, there is a small, hypoechoic structure just anterior to the nerve, which 
can be mistakenly identified as the nerve. B. Transverse color Doppler imaging can be helpful to identify the adjacent anterior tibial artery and appropriately 
localize the nerve. The nerve dives deeply into the anterolateral lower leg and can be difficult to see at and distal to this location. C. Transverse grayscale US image 
of the distal lower leg shows the DPN more distally (arrow). Although the nerve has a typical honeycomb appearance in the short axis, the hypoechoic nerve fibers 
are very thin, and the nerve may be difficult to distinguish from other tissues at this level. D. Transverse color Doppler US image of the distal tibial metaphysis at 
the same level shows internal pulsatile vascular color flow in the dorsalis pedis artery adjacent to the nerve (between calipers), which may help to localize the nerve
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Anterior tarsal tunnel syndrome

Compression of the DPN or of one of its terminal branches along its 
path within the anterior tarsal tunnel results in anterior tarsal tun-
nel syndrome. Acute trauma or repetitive microtrauma is the most 
common cause. Other etiologies include external compression from 
tight shoes, traction injury from overstretching, extrinsic compres-
sion from adjacent space-occupying lesions or surrounding osteo-
phytes(69). DPN entrapment can lead to various symptoms depend-
ing on the location of the damage. Proximal DPN entrapment may 
cause “foot drop.” However, in contrast to CPN injury, foot eversion 
weakness is usually absent. Moreover, anterior tarsal tunnel syn-
drome typically manifests as pain over the dorsum of the ankle and 
foot radiating to the hallux and second toe as well as weakness with 
toe hyperextension(70).

US will show typical signs of neuropathy, including hypoechoic 
swelling with loss of the normal honeycomb pattern of the nerve in 
addition to other findings that may reveal the etiology of neuropathy 
such as the presence of space occupying lesions like ganglion cysts 
and soft tissue masses. In the setting of chronic DPN neuropathy, 
indirect signs of denervation including fatty infiltration and atrophy 
of the muscles can be seen(68). The pattern of muscle involvement 
can be particularly useful in determining how proximal or distal the 
nerve injury is. Due to the superficial positioning of the tarsal tun-
nel, US yields significantly superior resolution compared to MRN. 
However, US has its limitations, including its inability to identify de-
nervation edema. It is also more challenging to detect muscle atro-
phy and fatty infiltration through US than MRN, and it may require 
comparison with the contralateral, unaffected foot. An additional 
limitation of US is that it is not precise enough for the characteriza-
tion of solid soft-tissue masses and therefore, gadolinium contrast-
enhanced MRN should be used if any space occupying lesions along 
its course are detected(71).

Sural nerve

The sural nerve (SuN) is usually formed by the union of the medial 
sural cutaneous nerve (a branch of the TN) and the lateral sural 
cutaneous nerve (a branch of the CPN). However, other patterns 
describing SuN formation are described in the literature(72). This is 
a pure sensory nerve supplying sensation to the posterolateral as-
pect of the distal third of the leg and the lateral aspect of the foot(73). 
The SuN descends along the posterior aspect of the leg between 
the gastrocnemius and soleus muscles. It continues its course more 
distally, along the lateral aspect of the leg, running parallel to the 
small saphenous vein and is closely associated with the Achilles 
tendon. The SuN is always found in the lateral retromalleolar re-
gion at the ankle, and it is separated from the lateral malleolus by 
the peroneal tendons(74). It then gives rise to the lateral calcaneal 
branch and continues to travel alongside the peroneal tendons until 
it divides into two terminal branches, the lateral dorsal cutaneous 
nerve, and the medial dorsal cutaneous nerve, at the level of the 
fifth metatarsal(75).

Sural neuropathy typically presents with pain in the distribution 
of the SuN, involving the posterolateral aspect of the distal third of 
the leg, the lateral foot, and the fifth toe. In most cases, the etiology 
of sural neuropathy is traumatic, including direct trauma, injuries 
involving nearby structures like the Achilles’ tendon or peroneal 

tendons, fracture of the distal fibula, talus, calcaneus, or base of 
the fifth metatarsal, and severe lateral ankle sprain(76). Additional 
causes include compression by a space-occupying lesion and iat-
rogenic injury to the nerve resulting from surgery to the nearby 
structures.

Evaluating the SuN using ultrasound can be difficult due to its small 
diameter and multiple anatomical variations in the proximal leg(77). 
However, the nerve’s fixed location in the distal leg, close to the 
small saphenous vein and in the lateral retromalleolar region makes 
it easier to locate SuN at this level and track it proximally into the 
proximal leg(72). US can show signs of neuropathy such as hypoecho-
genicity, thickening, increased vascularity on Doppler, and inter-
ruption of nerve continuity in cases of nerve transection. Occasion-
ally, neuromas-in-continuity can also be seen in cases of trauma or 
iatrogenic injury to the nerve (Fig. 26). Although US imaging may 
provide superior spatial resolution, MRN has higher sensitivity for 
subtle changes in nerve signal intensity.

Conclusion

As magnetic resonance (MR) and sonographic image quality have 
improved, MRN and US have become valuable tools for the accu-
rate diagnosis and treatment of lower extremity peripheral neurop-
athies, each with their own sets of advantages and disadvantages, 
depending on the nerve in question. Current imaging techniques 
have focused on anatomical depictions of peripheral nerves and 
their surrounding structures. For example, the relatively recent ad-
dition of 3D isotropic thin-section clinical MR imaging with vas-
cular suppression techniques has allowed better visualization of 
peripheral nerves and the routine generation of nonstandard imag-
ing planes along the courses of particular nerves, which may help 
better depict regions of nerve pathology in our practice. Newer so-
nographic techniques, like microvascular Doppler US, which can 
detect more subtle areas of peripheral nerve hyperemia than color 
Doppler imaging, and shear-wave elastography, which can detect 
segments of increased nerve stiffness, are being used in addition to 

Fig. 26.  A 63-year-old female with a history of gunshot wounds to the left 
lower extremity. Grayscale long-axis (top) and short-axis (bottom) 
US images of the sural nerve at the level of the posterior lateral ankle 
demonstrate post-traumatic architectural distortion of the deep soft 
tissues (curved arrow) with a thickened and hypoechoic sural nerve 
(arrowhead) and a focal nodular area of thickening along its course 
compatible with a neuroma-in-continuity (arrows)
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routine grayscale and color Doppler US to better characterize the 
microscopic structure and possibly function of peripheral nerves, 
which helps detect and localize abnormal peripheral nerve regions 
at earlier and milder stages. Finally, while newer MRN techniques, 
such as diffusion-weighted imaging and diffusion tensor imaging, 
have well-established roles in the central nervous system, they may 
also have value in assessing the functional status of the peripheral 
nervous system.
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