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A B S T R A C T

Compression of the femoral nerve (FN) to the iliac fossa has been reported as a consequence of several
pathologies as well as due to the aberrant muscles. The purpose of this research was to investigate the patterns of
the accessory muscles of iliopsoas muscles and the relationship of the FN in fifty semi pelvis. Accessory muscular
slips from iliacus and psoas, piercing or covering the FN, were found in 19 specimens (7.9%). Based on the
macroscopic structure, the muscle was categorized into two types. Pattern 1 as the more frequent variation, was
sheet muscular type covering the FN (17 specimens, 89.5%). Pattern 2, the less frequent variation was found on a
muscular slip covering the FN (2 specimens, 10.5%). Iliac and psoas muscles and their variants on both types
were defined. Appraising the relation between the muscle and the nerves, each disposition of the patterns may be
a potential risk for nerve entrapment. The knowledge about the possible variations of the iliopsoas muscle
complex and the FN may also give surgeons confidence during pelvic surgery. Recognition of these variations in
normal anatomy may be useful to the clinicians when treating patients with refractory leg pain.

1. Introduction

Entrapment neuropathy is defined as the nerve entrapment of the
peripheral nerves on the passageway of one segment of the body to
another one.1–4 Entrapment neuropathy due to neuropraxia takes place
on the basis of the ischemia and mechanical cases.5–9 Many peripheral
nerves are susceptible to entrapment syndrome, most of which as a
consequence of their position in relation to other anatomical structures
such as muscles, ligaments, or retinacula.10,11 Examples in the upper
limb are the median nerve in carpal tunnel syndrome, or ulnar nerve
entrapment of the elbow.5,11,13 In the lower limb, the peripheral nerve
entrapments include the sciatic nerve passing through piriformis or
dividing around the superior gemellus muscle and the lateral cutaneous
nerve of the thigh passing through the inguinal ligament, meralgia
paresthetica.2,4,11,12,14–18

The femoral nerve (FN) descends in a groove between psoas and
iliacus muscles, deep to the iliac fascia, passing under the inguinal li-
gament and it enters the thigh where it gives its terminal bran-
ches.5,19,20 Compression to the FN has mostly been described as being
due to bleeding disorders, when an iliac haematoma compresses it at
three possible levels: against the inguinal ligament; at its lumbar roots;
or in the space between the psoas and iliacus muscles where the
overlying fascia is thicker.20–24

The principal symptoms are thigh weakness along with the anterior
thigh and medial leg numbness. It is characterized by quadriceps
weakness and numbness over the anteromedial aspect of the thigh.
When severe, the patient may be unable to stand without support.19–25

Several reports have described variant muscular slips or sheets
forming longitudinal fascicles or wide bands associated with psoas and
iliacus, but most of them are not related to the FN.1,4 The iliopsoas
tendon or muscle may be split by the FN, but we have found only two
reports that describe the FN itself being split by iliopsoas muscle
slips.24,25 Defined topographical details of the FN and accessory iliop-
soas muscles can help understanding of the treatment of the leg pain.

The relationship between the accessory iliopsoas muscles and FN,
regarding compression to the FN had not been carefully examined; the
reports on various types of the muscle's possible effects upon neural
entrapment were limited. The aim of this study was to analyze the re-
lationship of the FN to variable muscular slips of iliopsoas, and to
consider their potential as a factor in FN entrapment.

2. Material and method

Fifty cadaver (30–72 years) pelvises were dissected iliac, psoas and
femoral regions (Fig. 1). Aberrant muscles on the FN were classified by
the macroscopic specter of muscles (Fig. 2). The accessory muscle was
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divided into two patterns as sheet or slip. Following this classification of
pattern, the categorization was as accessory muscle origin of the iliacus,
psoas and both psoas and iliacus.

3. Results

The iliac fascia was found to cover psoas and iliacus from their
origin to the insertion. The iliacus appeared as a triangular sheet of
muscle arising from the superior two-thirds of the concavity of the iliac
fossa, the inner lip of the iliac crest (Figs. 1–3), and the upper surface of
the lateral part of the sacrum. The FN was found to descend through the
psoas, emerging low on its lateral border and then passing between the
psoas and iliacus, behind the inguinal ligament (Figs. 1, 3 and 4). In the

abdomen, the nerve supplies the iliacus through its small branches
(Figs. 1 and 2).

Slips of iliacus piercing or covering the FN were found in 19 spe-
cimens (7.9%) (Figs. 1–5), with no statistical differences by sex or side,
and were seen bilaterally in only two specimens. Two different patterns
were described.

3.1. Pattern 1: sheet muscle pattern

The common characteristic of this type is covering the FN like a
sheet. The FN was split by a muscular sheet in 17 specimens (89.5%)
(Figs. 1–3). The common trait in Pattern 1 is that accessory muscle
originating from either iliacus, psoas or both types, the muscle covering
the FN covers the nerve like a sheet. This group contained the following
variations: a psoas slip in 4 specimens (Fig. 1b), an iliacus slip in 12
specimens (Fig. 1a), or both patterns in 1 dissection. This type of ac-
cessory muscles are thought to cause more compression as they are
wide, are placed by the internal side of the FN and they cover the nerve
like a sheet.

Iliac origin type (42%): This type of accessory muscle was

Fig. 1. Accessory sheet muscle (star) bundle along with the length of right
iliacus region showing femoral nerve (fn) a. Fn covered by the anterior bundles
of the iliacus muscle (im) and bundles stroking the nerve interiorly. b. Sheet
muscle fibers made up of the posterior bundles of the accessory muscle of psoas
major (pm) stroking fn exteriorly. ic: iliac crest.

Fig. 2. Accessory muscle (arrow) composed of both the iliacus (im) and psoas
major (pm) muscle covers the femoral nerve (fn) like a wide sheet. ic: iliac
crest.

Fig. 3. a. Wide, sheet like accessory muscle made up of the anterior bundles of
the iliacus muscle (im) and posterior bundles of the psoas major (pm). Some
branches of the femoral nerve (fn) are placed superior the muscle and some
inferior the muscle. b. Fn is exposed inferior the wide accessory muscle (star)
made up of the anterior bundles of the im and posterior bundles of the pm. ic:
iliac crest.

Fig. 4. Accessory muscle bundles made up of the iliac muscle (im) has formed a
circle passing inside the femoral nerve (fn). The fn was pierced by muscular slip
(arrow) from im. ic: iliac crest, pm: psoas major.
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observed on vertical direction medially and slightly inferior. It was
attached proximally to the lateral part of the iliolumbal ligament, ran
inferiorly, posterior to the iliolumbar vessels. The muscle was found to
lie anterior to, separate from, iliacus muscle. The accessory iliacus
originated from the middle third of inner lip of iliac crest and was
covered by a separate fascia, which was distinguishable from the iliacus
fascia and the muscle. They were mainly made up of the front fibers of
the iliacus. The accessory iliacus were compressed more at the inner
side of the FN (Fig. 1a).

Psoas origin type (25%): Accessory psoas muscle bundle were like
sheet composed of the posterior bundles of the psoas. As they were
situated inferior and exterior the psoas, they cause compression. Psoas
together with accessory psoas form a dense muscle bundle (Fig. 1b). FN
proceeds laterally inferior to those two muscle types. The FN was
formed by nerve slips coming through psoas muscle. The nerves were
placed exterior the muscle. Accessory psoas was bilateral in one ca-
daver. Three left and one right specimen have accessory psoas (8%).
The thickness of the accessory psoas was calculated as 3.71 ± 0.8mm.

Both iliacus and psoas major origin type (22.5%): It was a wide
accessory muscle like a sheet made up of by the anterior bundles of the
iliacus and the posterior bundles of the psoas (Figs. 2 and 3a,b).

3.2. Pattern 2: slip muscle pattern

The FN was covered by a muscular slip, the less frequent variant,
found only in two specimens (10.5%) (Figs. 4 and 5). In one case, the
FN appeared in the groove between the psoas and iliacus at the pelvic
brim, before descending laterally on iliacus to pass under the muscular
slip and leave the pelvis, beneath the inguinal ligament (Figs. 4 and 5).
The slip from iliacus muscle rejoined to iliacus, respectively after pas-
sing over FN (Fig. 4).

In the second case, the overlying muscular slips were so extensive
that they were visible on the FN in the iliac fossa, but then they were
immediately divided into two branches. The medial slip followed the
expected vertical course, close to the anterior longitudinal ligament
(Fig. 5). In this specimen, accessory muscle was attached to the anterior
face of quadratus lumborum with aponeurosis band. Additionally, the
accessory muscles’ relationship with the nerve bundles of FN was de-
termined. One slip of the accessory muscle was caused by the pene-
trating FN. Then, it separated after a short course in the iliac fossa
before passing under the inguinal ligament (Fig. 5). Thickness of the
accessory psoas muscle was measured as 4.44 ± 0.48mm. The more
distal one crossed the FN and left the pelvis under the inguinal ligament
with the FN.

The distance of the middle point where the FN was formed by nerve

slips on the iliac fossa and inguinal ligament was calculated as
52.81 ± 5.17mm (Fig. 5). But in one case, there was only a slim slip
from iliacus muscle piercing the FN. The width and the thickness of the
slip were 3.38mm and 2.2mm (Fig. 5). In 6 specimens, mean width and
thickness of the slips were 2.7 mm and 1.8mm, respectively.

4. Discussion

Entrapment syndromes are quite widespread decreasing life quality
and work profitability. Clinical investigations and cadaveric studies
revealed that most intraoperative FN injuries that are associated with
gynecologic surgical procedures result from the improper placement of
self-retaining retractors.24–26 Postoperative femoral neuropathy has
been reported in abdominal hysterectomy as the most common opera-
tion in addition to other types of surgical procedures, including ap-
pendectomy, renal transplantation, aortic aneurysm repair, and hip
replacement.1,28–32 The main mechanism underlying this neuropathy is
stretching and/or prolonged compression of the nerve.1,2,14,15

Some studies have reported cases of variant muscle slips of the psoas
and iliacus may split the FN causing a potential risk for nerve entrap-
ment.12,21,33,34 Several reports have described variant muscular slips or
sheets forming longitudinal fascicles or wide bands associated with
psoas and iliacus, but most of them are not related to the FN.4,22,23

Vazquez et al. reported variations of iliacus and psoas piercing the FN,
piercing of the FN by a muscular slip, or a muscular slip/sheet covering
the FN as it lay on the iliacus (7.9%).30 Muscular variations, such as
those mentioned above, most probably do not cause any considerable
disturbance in the lower limb movements.35 Mainly because of the
frequent co-existence with an unusual course and formation of the FN,
these muscular variations are of a great importance to clinical practice.
The ‘‘critical zone’’ of FN entrapment has been described as the fibro-
muscular ring that is bounded superficially by the inguinal ligament,
deeply by iliopsoas, and medially by the iliopectineal band.16,17

Nevertheless other regions such as the space between psoas and iliacus
have been regarded as zones of ‘‘entrapment-risk’’ when trying to ex-
plain different FN entrapment syndromes following surgery or due to
anticoagulant therapy.6,8,24,25 In only one report such variations are
described as a possible cause of the entrapment.28 Both the cadaver
studies described these variant dispositions in 5.9% specimens, al-
though they both had small sample sizes. We have been unable to find
any references to our observations that the FN might not be seen in the
iliac fossa because of a sheet of muscle derived from the iliacus muscle.
Furthermore, no attempts to classify these kinds of variant dispositions
have been made previously.

Battaglia found that the FN emerged both lateral and deep to the
psoas muscle between the psoas and iliacus muscles covered in iliac
fascia.13 It was then pierced and divided into two separate divisions by
an accessory slip of the iliacus muscle. Just proximal to the inguinal
ligament, these two separate divisions rejoined and the FN passed as
one under the inguinal ligament and then was divided into its usual
anterior and posterior branches (Fig. 2). The accessory slip of iliacus
was then dissected proximally up to its origin on the inferior aspect of
the iliac crest. It was detached from its origin confirming it had no
attachment to the iliolumbar ligament.21,24,33 The muscular slip was
then followed distally until it blended into other iliacus and psoas fibers
to incorporate into the iliopsoas which inserted on the femur. The FN
was found to be formed from the posterior division of the L2-L4 ventral
nerve roots and was fully formed prior to being pierced by the accessory
slip of the iliacus. No other lumbar plexus variations were detected. The
FN on the right side of the specimen followed a routine course.

This study has defined two different muscle patterns, psoas and
iliacus accessory muscle that may have the potential to compress the
FN. The frequency of this pattern was investigated. Also, the study in-
cluded reports on variations of iliacus and psoas muscles piercing the
FN, piercing of the FN by a muscular slip (Figs. 4 and 5), or a muscular
slip/sheet (Figs. 1–3) covering the FN as it lay on the iliacus (7.9%).

Fig. 5. The femoral nerve (fn) was pierced by slim muscular slips (arrow) from
iliac muscle (im). Two slips from iliac muscle rejoined to psoas muscle (pm)
and im, respectively after passing over the fn.
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Patterns of muscular slips, belonging to the psoas or the iliacus, or
even an accessory muscle described in this study may cause tension of
the FN and therefore should be suspected in patients with referred pain
to the hip and knee joints and to the lumbar dermatomes. The de-
scription of a split iliacus might also be found in the articles about the
FN with an abnormal course. In slip muscle pattern, however, other
authors reported this splitting without any additional information
about the FN.

The crus and their fascia overlap the psoas and appear to be con-
tinuous with this muscle until they come more anterior and blend with
the anterior longitudinal ligament. As the psoas descends, its in-
feromedial fascia becomes thick at its inferior portion and is continuous
with the pelvic floor fascia. Some authors mentioned that this splitting
was accompanied by an abnormal course of the FN, which passed be-
tween the two layers.8,30,33

Both in the sheet muscle and the slip pattern, the compression onto
the FN may change depending on the density of the muscular bundles.
In our opinion, the FN was located under dense muscle mass such as the
sheet muscle pattern because slip muscle pattern was exposed to muscle
compression lesser. In sheet pattern, morphologically, both the psoas
origin and iliacus origin types would be more prone to intramuscular
compression while in slip patterns which were thinner at the bottom of
the FN, were divided into two branches of the slips at duplicate shape.
Even the vertical course muscle branch could pass bottom the FN as
oblique course slip pattern (Fig. 5).

4.1. Add limitation of the study

Since this study was carried out with the cadaver, evaluation of leg
or feet pain with muscular slips in individuals was out of the question.
This was the limiting point of the study. This report describes slips that
occurred in 5% of specimens; half due to a psoas slip and half to an
iliacus slip. These important variations may lead to an explanation
about deviation of bundles and the migration of FN along the process of
muscle coursing. No clinical finding is pathognomonic for femoral
neuropathy. Similar findings of absent or diminished patellar reflex,
quadriceps weakness or wasting, weakness in hip flexion and adduction
as well as sensory symptoms such as pain in the iliac fossa, inguinal
region and anterior thigh may also indicate radiculopathy, plexopathy,
or combined lesions of the femoral and obturator nerve.27,35

Our study provided detailed analysis of the accessory muscle of two
distinct types that we thought to be causing femoral neuropathy. In the
specimens of Pattern 1, the existence of the accessory muscle either
resulting from psoas or from iliacus, the compression to the nerve may
be more obvious as the muscle covers the FN like a sheet (Figs. 1–3).
There may be more compression to the nerves.

In Pattern 2, compression to the muscle can be observed frequently
as the FN proceeds lengthwise (Fig. 5) or oblique (Figs. 4 and 5) despite
not being covered like a sheet. In Pattern 2 samples similar to the fibro-
muscular circle structure were identified (Figs. 4 and 5). In Fig. 5 slip
from iliacus was bifurcationed to psoas and iliacus, respectively after
passing over FN.

Physicians should be aware of the pathogenesis of this complication.
It is necessary to monitor the position of the retractor, making sure that
the retractor is away from the psoas and not compressing it during
surgery.

5. Conclusions

Accessory psoas-iliacus muscle patterns described in this study
might cause tension on the FN resulting in referred pain to the hip and
knee joints and to the lumbar dermatome L4. Recognition of these
variations in normal anatomy may be useful to the clinician when
treating the patient with refractory leg pain.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jor.2018.12.009.
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