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ABSTRACT

Background: Femoral nerve is the branch of lumbar plexus. Aim of this study
was to find out the variations in formation and branching pattern of this nerve
and correlate with their clinical relevance. Materials and Methods: For this
study 30 formaldehyde cadavers were used, and the nerve was studied on both
sides, thus making the sample size of 60. Result: Post fixed nerve found in 3
plexus (5%), Femoral nerve split into two branches in 19 plexus (31.66%) and
it split into three branches in 2 (3.3%). Femoral nerve divides into four branches
in 5 plexus (8.3%). This nerve gives many muscular branches in 2 plexus
(3.3%). Variation in formation found in 3 plexus (5%) and variation in
branching pattern in 27 plexus (45%). Total variation found in 28 plexus
(46.66%). Conclusion: By this study an attempt is made to know the possible
variations in the formation and branching pattern of femoral nerve and
additional information which may help to decrease the risk of diagnostic and
operative complications.

INTRODUCTION

The normal anatomy of the femoral nerve is

into the iliohypogastric and ilioinguinal nerves. The
smaller lower part unites with a branch from the
second lumbar ventral ramus to form the
genitofemoral nerve. The second, third, and part of

described as a branch of lumbar plexus lying with in
the substance of the posterior part of psoas major,
anterior to the transverse processes of the lumbar
vertebrae and in 'line' with the intervertebral
foramina. It is formed by the union of the ventral rami
of L, Ly, Ls lumbar nerves and the fourth lumbar
ventral rami, with a contribution from the T, ventral
ramus. The first lumbar ventral ramus joined by a
branch from the twelth thoracic ventral ramus
bifurcates, and the upper and larger part divides again

the fourth, lumbar ventral rami join the plexus and
divide into ventral and dorsal branches. Ventral
branches of the second to fourth rami join to form the
obturator nerve. The main dorsal branches of the
second to fourth rami join to form the femoral nerve.
Small branches from the dorsal branches of the
second and third rami join to form the lateral femoral
cutaneous nerve. The accessory obturator nerve,
when it exists, arises from the third and fourth ventral
branches.?! [Table 1]

Table 1: Branches of lumbar plexus and their root values

Branches Root value
Muscular T]z, L1-L4
Iliohypogastric nerve L,

Ilioinguinal nerve L
Genitofemoral nerve L.L,

Lateral femoral cutaneous nerve L,Ls

Femoral nerve L,,Ls,La(Dorsal divisions)
Obturator nerve L,,L; Ls(Ventral divisions)
Accessory obturator nerve L,Ls

Femoral nerve

Origin

t is formed by the dorsal branches of the ventral rami
of L,,L3,L4 lumbar nerves, and is the largest branch
of the lumbar plexus

Course and relations

The trunk of the nerve passes downward and laterally
through the psoas major, and appears beneath the
fascia iliaca between the tendon of psoas major and
iliacus muscle.
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Branches and Distribution

Femoral nerve splits into anterior and posterior

divisions.

1. In the abdomen the femoral nerve provides three
branches.

e  Branches to iliacus muscle

2. A branch to pectineus, which passes downward
and medially behind the femoral sheath and
supplies the lateral part of pectineus muscle

3. A few vascular branches to the upper part of
femoral artery.[!

II. Branches from the anterior division are

intermediate and medial femoral cutaneous branch

and one muscular branch to sartorius.

III. Branches from the posterior division are

saphenous nerve form subsartorial plexus and

muscular branches to quadriceps femoris.[*

Aim of The Study

To understand the variations in the anatomy of the

femoral nerve

objectives

1. To identify the variations in the formation of
femoral nerve

2. To identify variations in the branching pattern of
femoral nerve

MATERIALS AND METHODS

The study was carried out after due ethical clearance

from the institution.

1) Study design: Cross sectional study

2) Sample size: 60 specimens

3) Inclusion Criteria: Adult human cadavers from
the department of Anatomy with no evidence of
surgical intervention on the abdomen and pelvic
cavity.

4) Exclusion Criteria: Those specimens with
evidence of surgical intervention on the
abdomen or pelvis were excluded from the study.

5) Methodology: Dissection Method:

The femoral nerves were dissected by the method

described in Cunninghams manual of practical

anatomy, 15" edition.[!]

Procedure

Anatomical variations in 60 specimens of femoral

nerves were observed and studied in detail. The

femoral nerve was seen to be found between the
psoas and iliacus muscle.

RESULTS

VARIATIONS IN THE FEMORAL NERVE (Pie
chart. 5Bar diagram.)

In 3 out of 60 lumbar plexus (5%) the nerve received
a twig from LS5 nerve. In 19 plexus (31.66%) femoral
nerve split into two branches. In 2 plexus (3.3%) it
split into three branches. In 5 plexus (8.3%) femoral
nerve divides into four branches. Variations in
formation were noticed a total of 3 plexus (5%).
Variations in branching pattern were noticed in a total

of 27 plexus (45%). Total variations were observed
in 28 plexus (46.66%).

8 Vo wnons in fe Sormation 3
® Vrwdons i seexchng 27

* Norrad 0

Pie chart 5: Observations in the femoral nerve
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Figure 8: Multiple variations in lumbar plexus

Li,Ly,Ls,Ls-Lumbar nerve roots,1-Iliohypogastric
nerve, 2-Ilioinguinal nerve, 3-Genitofemoral nerve,
4-Lateral femoral cutaneous nerve, 5- Femoral nerve,
6- Obturator nerve. Ilioinguinal nerve absent,
Genitofemoral nerve originate from L3, Lateral
femoral cutaneous nerve from L3, Femoral nerve
splits into four slips and a twig ’from LS5 present.

Figure 17: Femoral nerve split into four slips and
genitofemoral nerve divide into genital and femoral
branches just after its formation
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Li,Ly,Ls,Ls-Lumbar nerve roots, 1-Iliohypogastric
nerve, 2-Ilioinguinal nerve, 3-Genitofemoral nerve,
3a,3b- branches, 4-Lateral femoral cutaneous nerve,
5- Femoral nerve, 5a,5b,5¢,5d-Slips of femoral nerve.
6- Obturator nerve.

REVIEW OF LITERATURE

The normal anatomy of the lumbar plexus is formed
in the substance of the posterior part of psoas major
by the ventral rami of the first three lumbar nerves
with part of the fourth, and a contribution from the
T2 nervel. In a case report described on the left side
the plexus was postfixed and located posterior to the
psoas major muscle. The femoral nerve was formed
by the union of anterior rami of the L, ,L3,L4 and Ls
lumbar spinal nerves. On the right side the lumbar
plexus was prefixed.’) Three of 136 plexus (2.2%)
contained a variant slip of the iliacus and psoas major
muscles that split the femoral nerve.l”) Variant slips
of iliacus and psoas major muscles split the femoral
nerve into two or 3 separate slips in 35.3%,["1 7%*
and 2.2% in one study.[®) Anatomical variation in the
femoral nerve was noted in 25% lumbar plexus.
These variations included abnormally long L2 root
and early division of femoral nerve.®] A study
described origin of nerve to pectineus from the
femoral nerve within the abdomen with the medial
cutaneous nerve of thigh.’) The femoral nerve
bifurcated into two or three separate slips mostly
within the mid —substance of the psoas major in a
study.l”) The variant slips of the iliacus and psoas
major muscle split the femoral nerve into two or three
slips in 35.3%.I") According to a study one of the two
branches from the femoral nerve may be given off in
the abdomen.['") In a study it was reported that there
were cases of femoral nerve injury induced paralysis,
the neuropathy being caused by iliac hematoma after
anticoagulant treatment. It was also reported that the
existence of some variant muscles or variations in
branching pattern of the femoral nerve may increase
the chances of nerve compression.l''l Knowledge of
early division of femoral nerve in iliac fossa is
required to avoid incomplete femoral nerve block.!?
Splitting of the femoral nerve by muscle fibers of
iliacus was reported in a study. The topography of the
femoral nerve in relation to the psoas major was
investigated. In 3 plexus muscular fibers of the iliacus
traversed between the trunks of the fetal femoral
nerve.[’] A study showed splitting of femoral nerve
by lateral fibers of psoas major muscle in 2.5% and
by muscle fibres of iliacus in 2.5% in fetal lumbar
plexuses.[31 Another case report detailed that the
similar muscular variations of the iliacus and psoas
muscles were splitting the femoral nerve.l'¥]
Accessory iliopsoas muscle splitting the left femoral
nerve into two slips was noted in one study.['*] A
study reported 7% variation in lumbar plexus.'’A
study found division of femoral nerve into two slips
at variable distance above the midinguinal point.['®!
Femoral nerve variation was found in 12 (35.3%) of

the investigated lumbar plexus in one of the studies
in 12 of which the femoral nerve was observed to
bifurcate into two and three slips. In a case report it
was mentioned that the femoral nerve received an
extra twig from the lumbosacral trunk.['”! The higher
division of the femoral nerve in iliac fossa results in
incomplete femoral nerve block. Variant origin of the
femoral nerve branches has wide clinical relevance.
When nerve to pectineus arises from medial aspect of
the femoral nerve near the inguinal ligament, it passes
behind the femoral sheath and enters the anterior
aspect of the muscle.['® In 13 of the 18 specimens, the
femoral nerve received its contributions from the L,
to L4 nerve roots and was formed at the L4-Ls disc
space. During the transpsoas lateral surgical approach
to the L4-Ls disc space ,the femoral nerve should be
considered to be at risk intraoperatively because of
the position and size of currently available
retractors.[!”]

The femoral nerve block is usually performed on the
main trunk of the femoral nerve just below the
inguinal ligament.”®! Even though rare, transient
lesion of the femoral nerve after mesh hernioplasty
for a recurrent inguinal hernia was also reported.?!
The femoral nerve may often be injured by suture or
staples, tissue scar entrapment, local anaesthesia
blockade or direct compression.[?>?3] The usual
causes of femoral nerve dysfunction are direct injury
(trauma), prolonged pressure on the nerve, and
compression of the nerve by adjacent parts of the
body or disease related structures such as tumor.?*

DISCUSSION

Lumbar plexus is described as the nerve plexus lying
with in the substance of the posterior part of psoas
major, anterior to the transverse process of lumbar
vertebrae in line with the intervertebral
foraminal.The variations in the lumbar plexus are not
uncommon. The proper knowledge of the anatomical
location of femoral nerve is important for anestheSia
during surgical procedures. Femoral nerve was split
into 2 branches among 19 plexus (31.66%) where as,
among 2 plexus (3.3%) it was split into three slips and
among 5 plexus (8.3%) it divided into four slips.
Many muscular branches were given off from 2
plexus (3.3%). Total variation in the formation were
in 3 plexus (5%) and total variations in the branching
pattern were seen in 27 (45%) plexus. A study
reported a variation of 25% in femoral nerve out of
64 lumbar plexuses.9 It divided into 2,3,4 or many
slips during its course before it crossed inguinal
ligament.25 According to a study in 13 of the 18
specimens (72.2%) the femoral nerve was formed by
L2, L3, L4 nerve roots.19 In another study 21.5%
were reported as postfixed.
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Bar diagram 7: Variation in the branching pattern of
femoral nerve

CLINICAL IMPORTANCE OF VARIATIONS
OF FEMORAL NERVE

A better knowledge of the regional anatomy and its
variations is essential for preventing lesions of the
branches of the lumbar plexus. The variations defined
in literature comprise some of the branches of the
lumbar plexus which may be injured during certain
surgical procedures, particularly in the lower
abdominal region. Surgical complications have also
implicated these nerves, emphasizing the importance
of the development of a clear topographical map for
use in their identification. The detailed knowledge of
the possible variations of femoral nerve may have
immense importance in various pelvic and pelvi-
femoral surgeries.

CONCLUSION

A key to carry out therapeutic and diagnostic
procedures successfully on femoral nerve

depends on the knowledge of the possible variations
of femoral nerve. Such neurological variations are
not only more prone to iatrogenic injuries but they
interfere in the correct interpretation of clinical
conditions as well. Such variations of femoral nerve
noticed in routine surgical procedures or in traumatic
injuries should be included into the surgical training
programmes to help avoid iatrogenic injuries.
Summary

The knowledge of variations of femoral nerve and
their branching pattern is important for the clinicians
in investigating the level of injury and to plan
appropriate treatment. Out of 60 dissected specimens
variations in the origin was observed in femoral nerve
in 3 specimens. Variations in the branching pattern
was noted in, femoral nerve in 27 specimens. If these
are unrecognized, there is a risk of iatrogenic injury
to the involved structures leading to unfavourable
surgical outcomes.
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