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We review the ultrasound (US) findings in patients who present with meralgia
paresthetica (MP). The anatomy of the lateral femoral cutaneous nerve at the level
where the nerve exits the pelvis and potential entrapment sites that can lead to MP
are discussed. A wide range of pathological cases are presented to help in recognizing
the US patterns of MP. Finally, our experience with US-guided treatment is discussed.
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nerve that originates from the lumbar plexus, which is
characterized by high anatomic variability, particularly at the level

of the inguinal ligament (IL) and anterior superior iliac spine (ASIS).?

Meralgia paresthetica (MP), also known as Bernhardt-Roth
syndrome, is a disorder related to the entrapment of the LCFEN.
Patients usually complain of burning pain and/or dysesthesia
located at the anterolateral thigh, which may radiate to the
knee, with a subacute onset. MP has an approximate incidence of
3.4-4.3/10,000 person-years.> Obesity, diabetes mellitus, preg-
nancy, and advancing age are associated with MP.>~

Ultrasound (US) is a well-demonstrated imaging modality
with which nerves are assessed, particularly when superficially
located, due to its spatial resolution.” It is well accepted by
patients, allows dynamic studies, and it can also guide therapeutic
choices.® US has been demonstrated to be effective for the diagno-
sis and treatment of patients with MP.”"">

This Pictorial Essay describes our approach to the study of
the lateral femoral cutaneous nerve (LFCN). We discuss the nor-
mal anatomy and the US technique to demonstrate the nerve.
Then, we focus on abnormalities, presenting our pathological
cases and how to report them. Finally, we discuss US-guided ther-
apy with practical tips.

This study was waived by local Institutional Review Board;
obtaining informed consent was exempted for this study.

T he lateral femoral cutaneous nerve (LCFN) is a sensory

Anatomy of the LFCN

The LECN usually originates from the posterior division of L2
and L3;' it travels within the retroperitoneum, through the psoas
muscle, to reach the iliacus muscle and passes it obliquely, located
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Figure 1. Anatomic CT 3D schematic drawings of the LFCN course and some of the possible variants. A, The LFCN crosses the psoas mus-
cle, then passes over the iliacus muscle. It is crossed by the DCIV, then exits the pelvis passing deep to the IL, and medial to the ASIS. It
then descends the thigh vertically to divide into posterior and anterior branches. This is, according to Tomaszewski, the most frequent pat-
tern. B, The LFCN passes through the IL. C, The LFCN passes over the IL. D, The LFCN passes through the sartorius muscle. E, The LFCN
passes over the ASIS. Other variants include the passage of the LFCN lateral to the ASIS and through the ASIS. In the drawings, we have
considered the LFCN as dividing into two branches distal to the ASIS, which is the more frequent pattern; however, the LFCN may already
be divided before crossing the IL into up to five branches. ASIS, anterior superior iliac spine; CT, computed tomography; DCIV, deep cir-
cumflex iliac vessels; IL, inguinal ligament; LFCN, lateral femoral cutaneous nerve; PUB, pubis; TFL, the tensor fasciae latae.
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between two layers of the iliac fascia superficial to
it In its distal abdominal course, the LFCN is
crossed by the deep circumflex iliac vessels (DCIV).'*
It then passes through an ‘“aponeuroticofascial
tunnel,” also referred to as the iliopubic tract, com-
posed of the iliac fascia and fascial layers that origi-
nate from the lateral abdominal wall muscles, to reach
the region of the IL, near the ASIS. The anatomy is
complex at this level, and anatomical variants are com-
mon. Furthermore, these fascial planes are described
differently by authors, mainly in anatomic studies,
whereas they are usually not described in the radiologi-
cal literature >'3151
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Over the asis

The nerve usually passes medial to the ASIS
(Figure 1A), deep to the IL. According to
Tomaszewski, who reviewed 18 articles, the mean dis-
tance of the LECN from the ASIS is 19 mm'; in a
study by Grothaus, the distance ranged from 6 to
73 mm."” Nevertheless, many potential variants have
been described, for example, the LFCN may pass
through or over the IL or over the ASIS."

The course of the nerve, as well as some of the
variants at the level of the IL and ASIS, are presented
in Figure 1.

The LFCN exits the pelvis and enters the thigh
to travel downward vertically, over the sartorius or
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Figure 2. US anatomy of the LFCN and the technique to demon-
strate it. A, Axial sonogram at the level of the left proximal thigh,
obtained with a 15 MHz transducer. The LFCN (white arrow) can
be demonstrated as a small honeycomb-like structure composed
of tiny fascicles, running inside a fat canal bounded by two fascial
planes (open arrowheads). B, The nerve is tracked cranially: axial-
oblique sonogram parallel to the course of the IL (curved arrow)
depicts the nerve superficial to the iliacus muscle, deep to the IL,
medial to the ASIS. ASIS, anterior superior iliac spine; IL, inguinal
ligament; LFCN, lateral femoral cutaneous nerve; US, ultrasound.

between the sartorius and tensor fasciae latae muscle,
in a fat, roughly triangular canal bounded by two fas-
cial layers. It then usually divides into two main bra-
nches: a larger anterolateral branch to innervate the
anterolateral thigh, extending to the knee; and a
smaller posterior branch to the region of the greater
trochanter. These branches become subcutaneous

distally.>"®

US Technique to Study the Normal LFCN
and Pathological Findings in MP

Before starting the US examination, we review the
clinical indication for the exam and previous diagnos-
tic tests. Since not all patients are referred with a sus-
picion of MP, we have a brief medical history and
clinical examination, in which patients are particularly
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asked about previous trauma and/or surgery along
the course of the LCFN.

Even when the clinical suspicion of MP is high, a
quick US assessment of the anterolateral hip is per-
formed and possible differential diagnoses are ruled
out, for example, greater trochanter pain syndrome,
hip joint arthropathy, femoral neuropathy, iliac mass>
then, the examination is focused on studying the
course of the LCEN."”

The patient lies supine. We start the US explora-
tion with a linear multifrequency transducer with fre-
quencies up to 12 or 15 MHz, and a footprint of
around 5 cm to provide a large view of the area.
Then, we focus the examination with a higher fre-
quency transducer (>18 MHz) with a smaller foot-
print to better delineate the anatomy of the LFCN;
however, in obese patients, the higher frequency may
be not useful due to the increased thickness of the
subcutaneous fatty tissue.

The easiest way to locate the LFCN is to start
with axial sonograms caudal to the level of the ASIS,
which can be palpated. The tensor fasciae latae and
sartorius muscles are easily depicted, superficial to the
proximal tract of the rectus femoris. The fat canal
bounded by two fascial layers can be demonstrated
superficial to these two muscles.”® Inside this fat
canal, the LFCN can be located: due to the small size
of the nerve, it appears as small honeycomb structures
on axial planes (Figure 2A), which can be followed
up and down using the elevator technique through
continuous scanning.”’ Usually, we do not study the
course at the distal thigh of the LFCN, unless it is
clinically relevant (e.g, in case of a wound of the dis-
tal anterolateral thigh).

The nerve is tracked proximally at the level of
the ASIS. We suggest orienting the probe along the
course of the IL, as this maneuver has the advantage
of better demonstrating the relationship of the LFCN
to the IL and ASIS, which are, in our experience, the
main sites of the compressive neuropathy. Moreover,
this allows detection of the correct short axis of the
LFCN (Figure 2B).

In the pelvis, the nerve may be difficult to be
further tracked, particularly in obese patients. In
slender subjects, it can usually be detected until it is
crossed by the DCIV, located anterior to the iliacus
muscle. Color Doppler enables discrimination bet-
ween the nerve and the vessels (Figure 3A and D).
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Figure 3. A, 40-year-old man with a 3 -year history of left lateral burning thigh pain. A-C, Short-axis sonograms of the LFCN from proximal
(A) to distal (C), obtained with an 18-MHz hockey-stick probe, using the “elevator technique.” In (A), normal nerve fascicles (white arrow-
heads) can be seen crossed by the DCIV, depicted with color Doppler. In (B), nerve fascicles are swollen (black arrowheads), reflecting
entrapment neuropathy. In (C), the LFCN fascicles are compressed between a splitting of the IL (curved arrows). D, Long-axis color Doppler
sonogram of the LFCN confirms the neuromatous appearance of the nerve (black arrowheads), compressed at the level of the splitting of
the IL (curved arrows). Distally and proximally, the nerve is normal (white arrowheads). The DCIV is well depicted on the left of the image
using color Doppler. The patient refused to have a therapeutic injection at the time. No follow-up was obtained. Abd wall indicates the lateral

abdominal wall muscles. DCIV, deep circumfiex iliac vessels; IL, inguinal ligament; LFCN, lateral femoral cutaneous nerve.
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Proximal to the DCIV, the course deep to the psoas
major muscle and the LFCN origin is almost blind to
US; this is related to the loss in resolution when
imaging deep small structures. The structures of the
anatomically described “aponeuroticofascial” tunnel
just before the IL are difficult to be clearly differenti-
ated at US because fascial planes are contiguous.

The US features of entrapment neuropathies are
swelling with a more hypoechoic appearance of nerve
fascicles (“neuromatous appearance”), which can be
demonstrated during the aforementioned elevator
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technique (Figure 3).***> When nerve disorders are
depicted, we suggest acquiring a longitudinal sono-
gram of the LFCN to demonstrate the neuroma loca-
tion and to possibly measure its craniocaudal
extension (Figure 3D).

US-guided compression with the transducer at
the level of the pathological nerve, the sonographic
Tinel test, may help to confirm the diagnosis by
eliciting the patient’s symptoms. However, in patients
with MP, the Tinel sign may be negative.”* In case of
subtle findings, US offers the possibility to quickly

J Ultrasound Med 2021; 9999:1-12



Becciolini et al—US of the Lateral Femoral Cutaneous Nerve

Figure 4. A 49-year-old obese woman with a previous trauma of the right groin region, complaining of right anterolateral thigh dysesthesia. Compar-
ative short-axis sonograms (14 MHz transducer) at the level of the ASIS. The IL is thickened on the affected side (on the left, black curved arrow,
1.8 mm; 1 mm on the healthy side, white curved arrow). The LFCN is also enlarged, reflecting entrapment neuropathy (black arrowhead: CSA
11 mm2 6.7 mm? on the healthy side, white arrowhead). A therapeutic US-guided injection with 1 cc lidocaine 1% and 1 cc diprophos (7 mg bet-
amethasone) was proposed, which reduced the NRS of pain (4 to 1). We have no further follow-up information. ASIS, anterior superior iliac spine;
CSA, cross-sectional areg; IL, inguinal ligament; LFCN, lateral femoral cutaneous nerve; NRS, numeric rating scale; US, ultrasound
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Figure 5. A 65-year-old woman with a 10-year-old unrecognized MP. A, Short-axis sonograms with an 18-MHz transducer at the level of the
ASIS. The LFCN (black arrowhead) passes over the IL (curved black arrows), near the ASIS, and appears hypoechoic and swollen. B, Longi-
tudinal sonogram of the LFCN depicts its enlargement at the level of the IL and of the proximal thigh. The normal nerve is indicated by the
white arrowhead. No ultrasound-guided injection was performed. No further follow-up of the patient was obtained. ASIS, anterior superior
iliac spine; IL, inguinal ligament; LFCN, lateral femoral cutaneous nerve; MP, meralgia paresthetica.
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produce comparative scans with the contralateral side,  clinical data: in our practice, mild nerve enlargement
which may be helpful to confirm pathology.® The exam- ~ may be present with nondisturbing symptoms, particu-
iner must always remember to correlate US findings to  larly in the elderly. When the clinical and US findings
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Figure 6. A 49-year-old man with long-lasting MP. The LFCN
crosses over and close to the ASIS. A, Short-axis sonogram of the
LFCN at the level of the ASIS obtained with an 18-MHz hockey-
stick probe. The nerve (black arrowhead) appears thickened and
hypoechoic, with a loss of the normal fascicular pattern. The CSA
of the nerve is 12.7 mm?. Note the close proximity of the nerve to
the ASIS (around 1.1 mm). B, Long-axis sonogram of the LFCN
obtained with a 15-MHz linear transducer provides a more pano-
ramic view of the nerve course. Note that the nerve is thickened
(black arrowheads) at the level of the ASIS, whereas it appears nor-
mal proximally and distally (white arrowheads). An ultrasound-
guided injection with 1 cc lidocaine 1% diminished the patient’s
NRS pain level by more than 50%. A subsequent ultrasound-
guided injection with 1 cc lidocaine and 1 ml diprophos (7 mg/ml
betamethasone) was performed a week later and clearly dimin-
ished the pain for 9 months. A further injection with lidocaine/bet-
amethasone was performed after 9 months. No further follow-up
was obtained. ASIS, anterior superior iliac spine; CSA, cross-
sectional area; LFCN, lateral femoral cutaneous nerve; MP,
meralgia paresthetica; NRS, numeric rating scale.
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are equivocal, other differential diagnoses should be
excluded. Lumbar radiculopathy usually presents
with more diffuse symptoms than MP and can be
demonstrated by magnetic resonance imaging.
Space-occupying lesions (e.g., pelvic mass) over the
course of the LFCN may also compress the nerve.
In addition, in these cases, symptoms are usually not
limited to anterolateral thigh pain, which is the typi-
cal presentation of MP.?

The LFCN is usually entrapped where it passes
the IL, in proximity to the ASIS. It is the location

where the nerve is predisposed to mechanical con-
straints.'® Dias Filho hypothesized that it is the
“aponeuroticofascial tunnel” that may lead to the
nerve entrapment rather than the IL."> As already
stated, the anatomy is complex at this level, with con-
tiguous structures that are difficult to be clearly differ-
entiated at US. Radiological studies usually consider
the IL as the point of nerve entrapment.”'>'*

In our experience, the anatomical variations that
mostly predispose patients to MP are related to the
passage of the nerve through a splitting of the IL or
when the LFCN is close to the ASIS.

In MP, due to passage through a splitting of the
IL (Figure 1B), the neuromatous swelling is usually
found proximal to the IL (Figure 3D).

The LFCN may also be entrapped when it travels
underneath the IL (Figure 1A), particularly when
passing near the ASIS. Previous trauma may result in
thickening of the IL (Figure 4), leading to
neuropathy.

The LFCN may pass over the IL (Figure 1C). In
patients with MP, the nerve enlargement is com-
monly located over the IL and distal to it (Figure S).
MP is frequently associated with the nerve traveling
close to the ASIS (Figure 1E; Figure 6): the neuroma
is mostly found over and possibly slightly distal to the
bone.'® ASIS irregularities may lead to nerve disor-
ders. Enthesopathy (Figure 7), avulsion (Figure 8), as
well as previous iliac bone harvesting, may stretch or
damage the LFCN."*

Uncommon variants, such as an intrasartorius
course of the LFCN (Figure 1D), may also lead to
MP, which has not been demonstrated yet at imaging
to the best of our knowledge (Figure 9). Nerve swell-
ing in this case usually involves its intramuscular tract.

Other reported causes of MP include the
following:

o chronic compression exerted by the sartorius in
dancers.”®

« iatrogenic injuries: in particular, during the direct
anterior approach for hip arthroplasty, for which
US has been proposed as a preoperative tool to
prevent damage and identify the nerve courses.”®
The nerve can also be injured during other regional
surgery, such as hernia repair.”

« a mass or an infectious process that may compress
the nerve (e.g., chronic appendicitis).’

J Ultrasound Med 2021; 9999:1-12
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Figure 7. A 56-year-old man with left-sided MP and enthesopathy of the ASIS. Comparative short-axis sonograms of the LFCN at the level of
the ASIS, obtained with an 18-MHz hockey-stick transducer. The healthy side is shown on the left: nerve fascicles can be well depicted
(white arrowheads). On the right, the LCFN is thickened and hypoechoic (black arrowheads). Note diffuse cortical irregularities (black
arrow) of the ASIS, related to enthesopathy. The patient denied a previous major trauma. An ultrasound-guided injection with 1 cc lidocaine
was performed and the pain diminished significantly (NRS 4 to NRS 1). No follow-up was obtained. ASIS, anterior superior iliac spine; LFCN,
lateral femoral cutaneous nerve; MP, meralgia paresthetica; NRS, numeric rating scale.
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Figure 8. A 17-year-old man with an acute avulsion of the ASIS. A,B, Axial sonograms from proximal (A) to distal (C) demonstrate an osseous avul-
sion of the ASIS. Nerve fascicles (black arrowhead) look swollen and hypoechoic related to a traction injury, whereas distally (C), they appear normal
(white arrowhead). D, Coronal sonogram clearly depicts the avulsed fragment. No follow-up information was available for this patient. Asterisks indi-
cate the fresh hematoma. ASIS, anterior superior iliac spine; glutm, glutei muscles; sart, sartorius; TFL, tensor fasciae latae.
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Figure 9. A 45-year-old obese woman referred for “right thigh pain.” She had a history of a 3-year burning pain. She preferred to use a waist
bag on the right side during work. A-C, Axial sonograms from proximal (A) to distal (C) acquired with a 12-MHz transducer depict a quite
enlarged LFCN in A and B (black arrowhead), passing inside the sartorius muscle (sart). The nerve appears normal in C. The US-guided
Tinel test was positive. D, Longitudinal sonogram of the LFCN confirms the intramuscular passage and its proximal swelling. Weight loss
and avoiding the use of waist bags were advised as an initial treatment. At a phone call follow-up 6 months later, the patient referred a partial
relief of symptoms. Curved arrow indicates the IL; IL, inguinal ligament; glutm, glutei muscles; LFCN, lateral femoral cutaneous nerve; TFL,

tensor fasciae latae; US, ultrasound.
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o thigh trauma involving the region of the fat canal,
which, to our knowledge, has not been reported in
the radiological literature (Figure 10).

US Report

The clinical indication for US and a brief clinical his-
tory of the patient are detailed in the US report.

The report should describe the course of the
LCFN at the IL and report the minimum distance
between the LFCN to the ASIS.

The cross-sectional area (CSA) of the LFCN is
reported at the level of the enlargement (Figure 6A)
and mentioning the CSA of the contralateral side

lliacus

might be helpful (Figure 4). However, due to the
high variability of the nerve, which may have been
divided into as many as five branches before the IL,"”
it may sometimes be difficult to measure it correctly:
when patients with such a variant are encountered, it
should be described and reporting the CSA may be
avoided. In the literature, there are studies that report
the CSA of the LECN.***”* Suh in 2013 and Pow-
ell in 2020 have proposed that a CSA > 5 mm” of the
LFCN has 95.7% (Suh) and 87% (Powell) sensitivity,
and 95.5% (Suh) and 90% (Powell) specificity for the
diagnosis of MP. However, it is difficult to define a
clear cutoff for normal and pathological values, possi-
bly related to the described variability and the low
numbers of participants. Also, in these two studies,
the transducer frequency used was relatively low

J Ultrasound Med 2021; 9999:1-12
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Figure 10. A 32-year-old man with left anterolateral thigh pain after a direct thigh trauma after falling from a height of around 1.5 m. A,B,
Axial sonograms from proximal (A) to distal (B) acquired with an 18-MHz probe, at the thigh. In A, the LFCN can be seen with the typical
honeycomb appearance, composed of small fascicles (white arrowheads), running in the fat canal, and bounded superficially and deeply
by fascial layers (white curved arrows). In B, note the more medial fascicles forming a neuroma (black arrowheads), whereas the lateral fas-
cicles look normal. The nerve at the level of the IL and in the proximal fat canal, over the sartorius and tensor fasciae latae, was normal. The
LFCN was studied distally in relation to the trauma region, as pointed out by the patient. Avoiding tight pants was the first suggested treat-
ment, and an injection was proposed if symptoms persisted or worsened. The patient did not call back at 6 months. LFCN, lateral femoral
cutaneous nerve.
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Figure 11. A 49-year-old man with a left-sided MP. US-guided injection. A,B, Axial sonograms at the level of the ASIS. In A, the needle (curved
arrow) is advanced deep to the thickened LFCN (black arrowhead). Around half of the mixture is injectate. In B, in this patient, the needle is
repositioned over the nerve, so that the rest of the mixture is injected to provide a circumferential coverage of the injection. The injectate con-
sisted of 1 cc lidocaine and 1 cc diprophos (7 mg betamethasone). The patient recovered well after the treatment with a nearly pain free interval
for approximately 9 months. After 9 months, the treatment was repeated. A further follow-up was not reported. ASIS, anterior superior iliac spine;
Lat abd, lateral abdominal wall muscles; LFCN, lateral femoral cutaneous nerve; MP, meralgia paresthetica; US, ultrasound.
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US-Guided Treatment

(12 MHz), with a loss in resolution for superficial
structures.”*°

We usually detail the craniocaudal extension of
the neuroma: in our experience in long-standing MP,
the nerve is pathological for a longer tract.

We report any additional findings that can be related
to neuropathy, such as ASIS irregularities, and other find-
ings that appear to be related to the patient’s symptoms.

J Ultrasound Med 2021; 9999:1-12

General advice for patients with MP includes weight
loss for obese patients, avoiding tight clothes around
the waist, and the use of medications to treat symp-
toms (e.g,, analgesic, anti-inflammatory drugs).>*"

MP can also be effectively treated under US guid-
ance using anesthetic and/or steroid inje:ction.32
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Figure 12. A 36-year-old man with a right-sided MP related to a previous removal of a lipoma at the proximal anterior thigh. US-guided
hydrodissection. A, Axial sonogram of the proximal thigh demonstrates scar tissue (asterisk) along the course of LFCN: the nerve cannot be
clearly distinguished, as it is encased in the scar. B, US-guided hydrodissection of the nerve. The needle (curved arrow) is advanced to the
scar tissue, then a high volume of fluid (20 cc of glucose 5%) is injected. Dashed lines point out the injected fluid. After the procedure, the
pain diminished significantly for 3 months (NRS 7 to NRS 2-3). LFCN, lateral femoral cutaneous nerve; MP, meralgia paresthetica; NRS,

numeric rating scale; US, ultrasound.

The procedure may directly follow the US examina-
tion or may be scheduled for a later time. The patient is
informed about the US findings, the possible benefit of
the procedure, and how it is conducted. Written
informed consent is obtained.'® Before the procedure, we
ask the patient his/her pain level based on the numeric
rating scale (NRS) of pain. NRS is also repeated at the
end of the injection to demonstrate a reduction.

Appropriate antisepsis is required.lo'u’33 Our
preferred approach is in plane with the needle
course from lateral to medial. The nerve is imaged
in its short axis and the needle is slowly advanced
and followed in real time until it is close to the
nerve. A US-guided diagnostic block proximal to
the nerve enlargement with a low dose of anes-
thetics (approximately 1 cc), which results in a sig-
nificant pain reduction (>50% on a NRS), may
confirm the diagnosis of MP. For therapeutic
options, we use a mixture of 1 cc lidocaine and
1%/1 cc betamethasone. The mixture is injected at
the site of nerve compression or slightly above
it. When the tunnel of the nerve is punctured, the
injection is observed under real time. To obtain a
circumferential spreading of the mixture, position-
ing the needle either above or underneath the
LFCN may be enough; however, injecting both
sides may be required (Figure 11).""**7** Most
importantly, the injectate needs to flow proximally
of the nerve compression site. If run-off is present
only distal to the nerve compression site, this may
be less effective.*

10

Injections may also be performed in a postopera-
tive setting (e.g, total hip replacement), in which
perineural scarring may encase the nerve. In such
cases, we try to hydrodissect the nerve with a high
amount of fluid (10-20 cc glucose $5%) from the scar
(Figure 12,).33

Moreover, US may also guide cryoneuroablation
and radiofrequency ablation.>>*

Surgery may be proposed when conservative
treatments fail.>"*%%”

Conclusion

US is the first modality—and usually sufficient—to
diagnose MP and to guide its treatment. Skills in nerve
US and an awareness of the normal anatomy and the
main anatomical variants that may be related to pathol-
ogy are required for the correct diagnostic process.
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