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ABSTRACT

Purpose Neuropathy of the intermediate (IFCN) and medial
femoral cutaneous nerve (MFCN) is a potential iatrogenic
complication of thigh surgery and its diagnosis is limited.
This study aimed to evaluate the possibility of the visualiza-
tion and diagnostic assessment of the IFCN and MFCN with
high-resolution ultrasound (HRUS).

Materials and Methods In this study, HRUS with high-
frequency probes (15 -22MHz) was used to locate the IFCN
and the MFCN in 16 fresh cadaveric lower limbs. The correct
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identification of the nerves was verified by ink-marking and
consecutive dissections at sites correlating to nerve positions
(R1-3), namely, the origin, the mid portion, and the distal
portion, respectively. 12 cases with suspected IFCN and
MFCN lesions referred to our clinic for HRUS examinations
were also assessed.

Results Anatomical dissection confirmed the correct identifi-
cation of the IFCN in 16/16 branches at all of the different lo-
cations (100 %). MFCN was correctly identified at R1 +3, in all
cases (16/16; 100 %), and in 14/16 cases (88 %) at (R2). 12
cases of patients with IFCN and MFCN pathologies (all of iatro-
genic origin) were identified. 9 instances of structural damage
were visible on HRUS, and all pathologies were confirmed by
almost complete resolution of symptoms after selective
HRUS-quided blocks with 0.5 -1 ml lidocaine 2 %.
Conclusion This study confirms that the IFCN and the MFCN
can be reliably visualized with HRUS throughout the course of
these nerves, both in anatomical specimens and in patients.

ZUSAMMENFASSUNG

Ziel latrogene Schadigungen der Rami cutanei anteriores des
Nervus femoralis, die einen intermedidren und einen media-
len Ast aufweisen (IFCN und MFCN), kénnen eine schwer zu
diagnostizierende Pathologie sein. Ziel dieser Studie ist es, zu
untersuchen, ob die bildgebende Darstellung und Diagnostik
des MFCN und IFCN, mittels hochauflésendem Ultraschall
(HRUS), moglich ist.

Material und Methoden In dieser Studie wurde mittels
hochauflésenden Ultraschallsonden (15 -22MHz) versucht,
den IFCN und MFCN bei 16 frischen Kadavern aufzusuchen,
und im Verlauf darzustellen. Die korrekte Identifikation des
jeweiligen Nervs, wurde durch ultraschallgezielte Farbmar-
kierung und anschlieBende anatomische Prdparation besta-
tigt. Hierbei wurde sowohl der IFCN, als auch der MFCN an
jeweils drei Stellen (proximal, Mitte und distal, R1-3) mar-
kiert. Zusatzlich wurden zwdlf Patienten unserer Klinik, mit
Verdacht auf IFCN und MFCN Pathologien, mittels hochaufl6-
sendem Ultraschall untersucht. Die anatomische Praparation
bestdtigte die korrekte Identifikation des IFCN und MFCN in
16 von 16 Féllen. Der Verlauf des MFCN konnte in allen Féllen
(16/16; 100 %) korrekt dargestellt und farbmarkiert werden
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(R1,2,3). Der Verlauf des IFCN konnte in 14 von 16 Fallen
(88 %) korrekt dargestellt und farbmarkiert werden (R2).

Ergebnisse Zwolf Patienten mit iatrogenen IFCN und MFCN
Pathologien wurden identifiziert. In neun Féllen konnten mor-
phologische Schadigungen des jeweiligen Nervs mittels HRUS
gefunden werden. Diese Schadigungen wurden durch erfolg-

reiche HRUS-gezielter Blockade mit 0.5 -1 ml Lidocain 2 % als
ursachlich bestdtigt.

Schlussfolgerung Diese Studie bestétigt, dass sowohl der
IFCN, als auch der MFCN zuverldssig mit hochaufl6sendem
Ultraschall visualisiert und im gesamten Verlauf dargestellt
werden kénnen, sowohl an Kadavern als auch an Patienten.

Introduction

The intermediate (IFCN) and medial femoral cutaneous nerves
(MFCN) are two large anterior cutaneous branches of the femoral
nerve that provide sensory skin innervation to the anteromedial
thigh and, in particular, motor innervation to the sartorius muscle
[1, 2] (» Fig. 1). Anatomical studies show a high variability of
these nerves with regard to their branching pattern, course, and
distribution, especially in the anteromedial knee region [2 - 5].

The main clinical relevance of these two nerves is possible
iatrogenic injury. Postsurgical neuropathies of the MFCN may be
seen after total knee arthroplasty [6, 7] and arthroscopically assis-
ted anterior cruciate ligament reconstruction [4]. Further involve-
ment of the IFCN during varicose vein stripping and surgery [8 -
11] or after femoral artery reconstruction has also been reported
[12]. Other neuropathies, such as neurofibromatosis [13], pene-
trating trauma [14], or diabetic neuropathies [15], are rare.

To date, the evaluation and location of these branches has
been restricted to electrophysiological assessment [16, 17], as
well as clinical testing using landmarks [18] or unguided nerve
blocks. [6] Interestingly, although extensively reported for the lat-
eral femoral cutaneous branch [19 -22], high-resolution ultra-
sound (HRUS) visualization currently does not play a role in asses-
sing the MFCN and the IFCN.

Visualization of the branches with HRUS may provide diagnos-
tic as well as therapeutic benefits for patients with MFCN and IFCN
neuropathies. HRUS may detect morphological nerve changes or
guide selective blockade to make the exact diagnosis. Moreover,
determination of the exact location of the MFCN and IFCN may
avoid confusion with other branches, such as the infrapatellar
branch of the saphenous nerve, which is anatomically paired with
the MFCN on the anteromedial knee side [23], and therefore,
improve therapeutic treatment options for pain management,
such as cryodenervation [18] prior to knee surgery and neurec-
tomy [6, 7] after knee surgery.

Since HRUS offers excellent tissue differentiation for the exam-
ination of superficial structures, we hypothesized that evaluation
of the IFCN and the MFCN would be possible.

This study, therefore, aimed to (i) confirm the correct identifi-
cation of the IFCN and the MFCN by HRUS with ink marking and
consecutive dissection in anatomical specimens, and to (ii) pres-
ent cases with MFCN and IFCN pathologies detected with HRUS.

Materials and Methods

Study approval

This was a single-center study with approval by the local institu-
tional review board of the Medical University of Vienna (EC-num-
ber 1377/2016). The study was performed in accordance with the
World Medical Association Declaration of Helsinki.

Ultrasound technique

HRUS examinations were performed using a GE LOGIQ E9 and a
GE LOGIQ e (GE Healthcare, Wauwatosa, U.S.A.) ultrasound plat-
form with high-frequency probes (GE ML 6 - 15-D, GE L8 - 18i-D,
GE L10 - 22-RS). Two radiologists, one with more than 20 years of
experience (G.B.) and one with five years of experience (G.R.) in
peripheral nerve imaging, carried out all examinations. G.R. and
G.B. performed interventions on anatomical studies, whereas G.
B. carried out all procedures on patients with suspected medial
femoral cutaneous nerve (MFCN) and intermediate femoral cuta-
neous nerve (IFCN) neuropathies.

The examination followed a standardized assessment protocol.
All participants were examined in the supine position, with the
knees extended. Ultrasound examinations started with the trans-
verse view at the middle/distal third of the anterior thigh super-
ficial to the sartorius vastus medialis and rectus femoris muscles.
The subcutaneous fat overlying these muscles was then carefully
screened distally and proximally for tubular, in contrast to fat,
hyperechoic structures that were presumed to be the MFCN and
the IFCN. The IFCN was explored at the level overlying the vastus
medialis, rectus femoris, and, sometimes, the sartorius muscle,
whereas the MFCN was explored further medially in the region of
the vastus medialis and sartorius muscle. If detected, the bran-
ches were followed proximally to assess the origin from the femo-
ral nerve so as not to confound the branches with the lateral fem-
oral cutaneous nerve, and, further, distally, to assess its most
distal visible parts.

To obtain a better overview of the area, the examination
always started with the 6 - 15-MHz probe. After identification of
the nerves, the transducer was changed, and an 8 -18-, or 10 -
22 probe was used to better delineate the branches. Depending
on the subject’s thigh/subcutaneous fat thickness and the course
of the branches, careful adaptation of the depth and angulation of
the transducer to avoid anisotropy must be carried out to ensure
that the nerve was in full view and not distorted in the image.

US still images and videos were captured to record the cross
sections and course of the nerve segments. To avoid confusion
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> Fig. 1 Illustration of the course of the intermediate (the left one
shown in yellow) and medial (the right one shown in yellow) femoral
cutaneous nerves.

of the nerve with adjacent vessels, color Doppler was used in all
patients.

Ultrasound in anatomical specimens

In 16 randomly selected fresh anatomical limbs in the legal cus-
tody of the Division of Anatomy, Medical University of Vienna,
HRUS was prospectively performed as described.

None of the thighs showed macroscopic signs of disease or
scarring. After identification of the nerves, visibility was rated
using a five-point scale as: excellent - sharply defined border and
visible internal nerve structure with excellent diagnostic quality
[5]; good - good diagnostic quality, clearly distinguishable from
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surrounding tissue, internal nerve structure visible; [4], moderate
- identifiable, but no sharp border from surrounding tissue, no
internal nerve structure visible; [3], poor - identified with diffi-
culty and only possible if adjacent nerve sections were followed;
[2] or not visible [1]. The visibility of the nerves was rated at the
three different locations: at its origin from the femoral nerve
(R1); the mid portion of the thigh (R2); and just above the most
distally visible point (R3).

Then, a small amount of purple (for the IFCN) and black (for
the MFCN) dye mixed with glue (0.1 ml) was injected into the
nerve/adjacent to the nerve under HRUS guidance (22-gauge
needle, in-plane technique) at three different locations, as de-
scribed above. Subsequent anatomical dissection was performed
to confirm the exact location of the dye injection. The plastic sur-
geon (J.M.) and anatomist (P.C.B.) who performed the dissections
determined the exact location of the ink application. Correct dye
injection was noted if a small amount of dye was injected into the
nerve sheath at all three distinct locations. In all specimens, distri-
bution of the injected ink was documented by photography.

Ultrasound in patients

We retrospectively included patients who, after extensive neuro-
logical anamnesis and testing, were referred for HRUS to the
Department of Biomedical Imaging and Image-quided Therapy,
because of pain and/or paresthesia (for at least three months)
within the MFCN/IFCN territory, especially after having undergone
surgery in the MFCN/IFCN region, and, therefore, being possibly
subjected to injury to the MFCN/IFCN, between January 2015
and January 2017. As electrophysiological testing of these small
nerves is not done on a regular basis in our clinic, we could not
use this as an inclusion criterion. Patients with a clear history of
nerve root compression were excluded. HRUS was performed ac-
cording to the method described above. After the MFCN and IFCN
were identified, they were followed proximally and distally as far
as possible and screened for signs of alterations, such as sectional
swelling or neuromas likely in combination with any structures
presumed to irritate them. Consecutively, selective HRUS-guided
diagnostic blockade of the nerves using 0.5ml to 1 ml lidocaine
2%, a 22- gauge needle, an in-plane technique was performed in
most patients to ensure that any peripheral origin of pain was
within the MFCN/IFCN territory. The success of the blockade was
tested through sensitivity to light touch and visual analogue
scores (VAS). Any further reported surgical treatment, such as
neurectomy and follow-up of the patients, was noted.

Statistical analysis

Descriptive statistics were performed using IBM SPSS Statistics for
Windows Version 22.0.0.2 (IBM, Armonk, New York). For the
nerve visibility score, the median, minimum, and maximum were
used.
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Results

Ultrasound accurately pinpoints the anterior and
medial femoral cutaneous nerves in anatomical
specimens.

To determine whether the application of ultrasound to the antero-
medial thigh would assist in predicting the exact location of the
anterior femoral cutaneous nerves, anatomical specimens were
used. During ultrasound, small amounts of dye were injected at
sites that correlated to nerve positions R1 -3, namely, the origin,
the mid portion, and the distal portion, respectively. » Fig. 2
shows an illustration of the different anatomical locations. Dissec-
tion confirmed the correct identification of the intermediate fem-
oral cutaneous nerve (IFCN) in 16/16 branches at all of the differ-
ent locations (100 %). The medial femoral cutaneous nerve
(MFCN) was correctly identified at its origin from the femoral
nerve (R1), and at the most distally visible point (R3) in all cases
(16/16; 100%), and in 14/16 cases (88 %), in the mid portion of
the thigh (R2). In two of the infiltrated and dissected cases, we
confounded MFCN with the infrapatellar branch of the saphenous
nerve (IPBSN), which was almost always paired in this region, with
the MFCN ending at the medial edge of the patella and the IPBSN
always coursing further distally to reach the infrapatellar region.
An example of a dissection finding is shown in » Fig. 3.

In IFCN, the most frequently recorded pattern of the branches
was one main trunk that permanently extended small cutaneous
branches, often dividing into two major branches at the mid-por-
tion/distal third of the thigh. The (see » Fig. 4A) of the nerve was
fairly constant with the branches coursing distally in the fascia
lata/sartorius fascia lateral of the femoral artery for a short dis-
tance after piercing it and reaching the subcutaneous fat (of the
anterior aspect of the thigh) overlying the anterior thigh muscles.

Regarding an MFCN pattern, there appeared to be one main
constant anterior branch overlaid on the subcutaneous fat super-
ficial to the sartorius muscle, sometimes entering the fascia lata
and coursing to the medial edge of the patella. A quite variable
pattern was observed further medially at the medial edge of the
sartorius muscle, where, sometimes, there were several branches
that connected with the anterior branch, or one main trunk that
coursed distally with the saphenous vein, reaching the region be-
low the knee joint line. In three cases (19 %), we found MFCN pe-
netrating the sartorius muscle. With regard to origin, the MFCN
showed a remarkably inconsistent pattern as follows: (i) paired
with IFCN in the fascia lata/sartorius fascia; (ii) crossing the femo-
ral artery and coursing medially; (iii) coursing distally medial to
the femoral artery and reaching the superficial subcutaneous fat
by penetrating the sartorius muscle; or (iiii) at the posterior bor-
der of the sartorius muscle.

The median of visibility was 5 (min 4; max 5) at the mid portion
of the thigh (R2) for both branches, 5 [4, 5] for the IFCN, and 4 [2,
5] for the MFCN at the most distally visible point (R3). At the
origin (R1), the median of visibility was 5 [3, 5] for the IFCN and
4 [2, 5] for the MFCN. » Fig. 3 shows examples of sonographic
findings.

.

» Fig.2 Ultrasound probe positioning for intermediate femoral cu-
taneous nerve A and medial femoral cutaneous nerve B evaluation
at three different anatomical locations: origin from the femoral
nerve (R1); the mid portion of the thigh (R2); and just above the
most distally visible point (R3). To obtain transverse views of the
nerves, the probe orientation must be perpendicular to the red
dotted lines.

Ultrasound successfully identifies anterior femoral
cutaneous neuropathies

A total of twelve patients underwent HRUS of the anteromedial
thigh between January, 2015 and January, 2017. Both branches
were affected in seven cases: the MFCN in four cases and the
IFCN in three cases. In four cases, the IPBSN was also affected.
Patient histories are summarized in » Table 1.

In eleven of twelve patients, selective MFCN/IFCN blockade
was performed approximately 5-10 centimeters above the sus-
pected nerve damage, which resulted in numbness of the medial
or anterior part of the thigh compatible with the expected inner-
vation territory of the MFCN/IFCN, and all patients showed a sig-
nificant reduction in VAS scores. Therefore, all blocks were rated
successful. The causes of the neuropathies were iatrogenic in 11
and direct trauma in one case. In six cases, neurectomies for pain
relief were performed. In all six cases, the nerve was marked on
the patient’s skin preoperatively. Two different locations for nerve
damage were observed. All cases of IFCN neuropathies were loca-
ted in the proximal thigh next to the origin of the branch, whereas
all MFCN cases were obtained distally next to the knee. The pa-
tients are presented in detail below. » Fig.5, 6 provide examples
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» Fig.3 Examples of ultrasound-guided ink markings of the intermediate A and medial femoral cutaneous nerve B. (Right corner) Example of a
finding in a dissection after high-resolution ultrasound (HRUS)-quided intranerval ink marking of the intermediate femoral cutaneous nerve (pur-
ple) and the medial femoral cutaneous nerve (black).

of ultrasound findings, perioperative management, as well as
intraoperative findings for selected patients.

Thus, ultrasound was accurate at pinpointing the femoral cuta-
neous nerves in anatomical specimens and correctly diagnosed
the associated neuropathies in patients, and the suitability of this
technique is discussed.

Discussion

The anterior femoral cutaneous nerves may be injured during sev-
eral limb surgeries, sometimes leading to postoperative neuro-
pathic sensations and pain for patients. Furthermore, the variable
course and pattern of these branches complicates efforts to lo-
cate them prior to surgery. Ultrasound was shown to be accurate
at pinpointing the intermediate femoral cutaneous nerve (IFCN)
and the medial femoral cutaneous nerve (MFCN) when applied to
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anatomical specimens. Moreover, using ultrasound, we were able
to correctly diagnose patients with suspected neuropathies of the
anterior femoral cutaneous nerves.

With regard to the previously reported cases in the literature
[7-15], the incidence of neuropathic pain due to damage of the
anterior femoral cutaneous nerves seems to be relatively low. This
is in contradiction to the findings of our study, where we could ob-
serve 12 cases with clinical symptoms in a relatively short period
of two years. Possible explanations for this discrepancy may be a
lack of diagnostic capabilities to detect nerve damage, or a misin-
terpretation of pain in the anterior thigh (e. g., as radiculopathy of
the second or third lumbar nerve root). As presented in this study,
HRUS may overcome at least some of these limitations and there-
fore enhance patient management and confidence. Using the
assessment protocol described above, the branches could be
detected and followed over their entire course, although they did
not show a supposedly consistent pattern that has gained support



» Fig.4 Ultrasound images of the anterior femoral cutaneous nerves just distal to their origin A, the mid third of the thigh B-D, including a long-
itudinal scan C, and the distal third of the thigh E, F. Please note that the appearance and the course of the presented nerves do not represent a
consistent pattern and may be different in other anatomical specimens. (Arrows: intermediate femoral cutaneous nerve branches; Blank arrows:
medial femoral cutaneous nerve branches. Sa: sartorius muscle; FA: femoral artery; V. med.; vastus medialis muscle; V. lat.; vastus lateralis muscle,
R.f.; rectus femoris muscle, R.a.: ramus anterior; R.p.: ramus posterior; Fem: femur).

from the rarely available inconsistent literature about the anato-

my of the branches. Some authors have proposed a constant pat-
tern of two main branches for the IFCN and the MFCN [3],
whereas others showed one main trunk with several branches ex-
tending out [5] or a network of branches with no definable main
trunk [2]. Although it was not the main goal of this study, we did

detect all different patterns. This variability may further support
our theory of a far higher incidence of damage to these nerves
due to an unpredictable course.

With respect to suspected anterior femoral cutaneous nerve
neuropathies, high-resolution ultrasound (HRUS) may guide
patient management, as presented in this study. HRUS allows for
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» Table 1 Summary of patient histories and HRUS findings for those cases identified at our department.

no. gender  age
1 m 51
2 f 29
3 f 71
4 f 62
5 m 36
6 m 49
7 f 73
8 f 66
9 f 47
10 f 61
11 m 88
12 m 54

history

Patient developed stabbing pain on the
medial side of the right knee after TKA

After leg twisting injury and neurectomy
of the IPBSN, persistent pain on the
medial knee side, next to scar tissue

Patient presented with stabbing knee
pain on the medial knee side after TKA
six years ago

Patient underwent multiple surgeries
after TKA due to neuropathic pain;
patient suffered multiple neuromas

and scars in all femoral cutaneous nerves
after these operations

Patient developed medial-sided stabbing
knee pain after patella luxation and
subsequent surgical intervention

Patient developed stabbing lateral and
medial-sided knee pain after TKA

After TKA and previous neurectomy
of the saphenous nerve, the patient
still suffered medial-sided stabbing
knee pain

Patient developed stabbing pain at the
anterior thigh after surgical removal of a
large abscess formation in the anterior
subcutaneous tissue

Patient developed stabbing pain in the
anterior thigh approximately 10 cm
above the knee after lipoma resection

Patient developed stabbing pain after
vein stripping at the upper anterior thigh

Patient developed stabbing pain at the
anterior upper thigh after a patch plastic
of the femoral artery

Patient developed stabbing pain at the
anteromedial thigh after bypass surgery
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HRUS findings

Scar tissue on the medial
side of the patella;
MFCN embedded in scar

Neuroma of the MFCN next
to the IPBSN surgery scar

Scar tissue surrounding the
IPBSN and MFCN

Multiple scars, neuromas
and partial hitches of the
MFCN, IFCN, LFCN

None

None

None

Scar tissue surrounding
and entrapping the IFCN

Scar embedded IFCN into
the side of the previous li-
poma resection

11x4 mm neuroma of
the IFCN, with intraneural
sutures just below the
inguinal ligament

Neuroma and scar tissue
surrounding the IFCN

Small neuroma of the
MFCN

blockade

1 ml lidocaine MFCN
VAS reduction: 8 -2

0.5 ml lidocaine MFCN
VAS reduction: 9-0

1 ml lidocaine IPBSN
VAS reduction: 7-5
1 ml lidocaine MFCN)
VAS reduction: 5-2

0.5 ml lidocaine IPBSN
VAS reduction: 10 -8
1 ml lidocaine MFCN
VAS reduction: 8 -4

1 ml lidocaine IFCN
VAS reduction: 4 -2

1 ml lidocaine MFCN
VAS reduction: 7 -2

1 ml lidocaine FCL
VAS reduction: 8 -5
0.5 ml lidocaine MFCN
VAS reduction: 5-1

1 ml lidocaine MFCN
VAS reduction: 6 -1

0.5 ml lidocaine IFCN
Immediate pain relief
after both procedures
No VAS score obtained

0.5 ml lidocaine IFCN
VAS reduction: 6 -1

No block performed

1 ml lidocaine IFCN
VAS reduction: 7 -3

0.5 ml lidocaine MFCN
VAS reduction: 8 -3
1 ml lidocaine IPBSN
VAS reduction: 3-0

treatment
operative

Neurectomy
planned

Neurectomy of the
MFCN next to its
origin

VAS reduction
after two-month
follow-up: 9 -1

No follow-up

High neurectomy of
the MFCN and IFCN;
removal of scar tis-
sue

Neurectomy
planned

Neurectomy of the
MFCN and FCL

VAS reduction: 8 -2
Burning pain re-
turned two months
later (VAS 5)

Neurectomy of the
MFCN and medial
retinacular nerve
Significant pain re-
lief after six-month
follow-up (VAS 2)

Neurectomy
planned

No reported
follow-up

Neurectomy
planned

No reported
follow-up

Neurectomy
performed
VAS reduction: 9-3

Neurectomy
planned

No reported
follow-up

Neurectomy of the
IPBSN and MFCN
Significant pain re-
lief after six-month
follow-up (VAS 2)
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» Fig.5 Examples of ultrasound findings in patients. A MFCN neuroma (blank arrows) just superficial to the sartorius muscle (Sa) in the distal
portion of the thigh. B IFCN neuroma superficial to the sartorius muscle (Sa) in the proximal portion of the thigh. C Scar tissue (void arrow)
surrounding the IFCN (arrow). D Huge IFCN neuroma (blank arrows) superficial to the femoral artery (F.A.). Note surgical sutures (arrows) within
the neuroma (MFCN: medial femoral cutaneous nerve, IFCN: intermediate femoral cutaneous nerve).

direct visualization of nerve damage (e. g., neuroma formation) or
structures (e. g., scars) that can irritate the nerve. In case of no
(in)direct signs of nerve pathologies (e.g., cases 5, 6, and 7 in
this study), ultrasound-guided nerve blocks are another potential
diagnostic tool to rule out anterior femoral cutaneous nerve neu-
ropathies. HRUS allows for excellent visualization and precise gui-
dance of the needle to the target. This enables selective blockade
of these very small nerves with a low amount of local anesthetic
(0.5-1ml in this study), thus avoiding concomitant blockade of
surrounding nerves. In our study, all affected nerves of our pa-
tients were successfully blocked only in the suspected cutaneous
territories of the nerves. In our opinion, unguided blocks to rule
out possible anterior femoral nerve neuropathies are not feasible
due to the variable course and proximity to other nerves. For
example, the MFCN is anatomically paired with the infrapatellar
branch of the saphenous nerve at the anteromedial side of the
knee [23] or the IFCN is next to the MFCN, saphenous nerve and
muscular branches in the femoral triangle [2] which makes them
prone to concomitant blockade.

When the clinical cases of our study were analyzed, two differ-
ent anatomical locations seemed to be risk zones for the anterior

femoral cutaneous nerves. In all cases except case number 9, the
IFCN was damaged in the proximal thigh just below the inguinal
ligament, while MFCN neuropathy occurred in the medial knee re-
gion. Except for one case (case 2), all causes for neuropathies
were iatrogenic, which is supported by the existing literature
[7-10]. This may explain the different anatomical locations of ia-
trogenic nerve damage due to surgical artery or vein procedures
in the proximal thigh and knee procedures in the distal thigh.

This study has strengths as well as limitations. The main
strength is that this study showed for the first time that HRUS
could correctly identify the anterior femoral cutaneous nerves in
anatomical specimens and in patients with suspected anterior
femoral cutaneous nerve damage. The main limitation represents
the fact that our presented cases were retrospectively evaluated
and not matched with controls, and that the sample size of
n=16 in cadavers and n=12 in patients could be higher for better
statistical power. We also did not perform double reading. In this
study, a single rater performed the examination and measure-
ments, while the other rater watched the procedure. We think
we obtained reliable measurement results with this approach.
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> Fig.6 Preoperative skin marking of the medial femoral cutaneous nerve A for proximal denervation procedure with intraoperative findings B.

Preoperative skin marking of the medial femoral cutaneous nerve (upper branch) and infrapatellar branch of the saphenous nerve (lower branch)
for distal denervation procedure C with intraoperative findings D. The infrapatellar branch of the saphenous nerve has already been removed. The
medial femoral cutaneous nerve is shown.

In conclusion, this study confirms the ability to reliably visualize
the anterior femoral cutaneous nerves with HRUS, in anatomical
specimens and in patients with suspected neuropathies to the
branches. Therefore, HRUS may enhance the diagnostic and ther-
apeutic management of patients with anterior thigh pain, and we
suggest that it be used whenever there is a history of surgery
followed by pain at the anteromedial thigh.
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