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SUMMARY: The aim of this study was to clarify the diverse spinal compositions of the branches of the lumbar plexus in terms of
their prevalence rates and thicknesses. Thirty lumbar plexuses extracted from Korean adults were used in this study. The nerve fascicles
were separated and traced with the aid of a surgical microscope. The thickness of each spinal nerve component was calculated based on the
mean of the largest and smallest diameters using digital calipers under the surgical microscope. The most common patterns of the spinal
composition of the branches of the lumbar plexus were as follows: The iliohypogastric nerve (IHN) and the ilioinguinal nerve (IIN) arose
from the ventral ramus of the first lumbar nerve (L1), the genitofemoral nerve (GFN) arose from the anterior division of the ventral ramus of the
second lumbar nerve (L2), and the lateral femoral cutaneous nerve (LFCN) arose from the posterior division of the ventral ramus of theL2, the
femoral nerve (FN) arose from the posterior division of the ventral ramus of L2–the fourth lumbar nerve (L4), with the thickest spinal component
derived from the third lumbar nerve (L3), and the obturator nerve (OBN) arose from the anterior division of the ventral ramus of L2–L4, with the
thickest spinal component derived from L3. However, when L5 constituted the FN and OBN, the thickest spinal components of the FN and OBN
was L4. This morphometric study has measured the thicknesses of diverse spinal components that constitute the branches of the lumbar plexus
after separating the nerve fascicles. The thicknesses of the various spinal components of these branches can be compared in order to understand
which make the main and minor contributions to the lower limb.
KEY WORDS: Lumbar plexus; Spinal nerve composition; Thickness.

INTRODUCTION

A lumbar plexus block is most commonly used to
provide perioperative analgesia, but it can also be used as a
surgical anesthetic, particularly when combined with a sciatic
nerve block. The lumbar plexus block is typically used to
provide analgesia following injuries or during surgeries of the
hip or thigh, such as acetabular fractures, femoral neck or
midshaft fractures, hip replacement, hip arthroscopy, and knee
replacement, andit has also been used for chronic pain
conditions such as Herpes zoster (Polania Gutierrez & BenDavid, 2020).
The lumbar plexus lies within the psoas major muscle,
and it is usually formed by the union of the ventral rami of the
first lumbar nerve (L1), second lumbar nerve (L2), and third
lumbar nerve (L3), and a major part of the ventral ramus of
the fourth lumbar nerve (L4). In most cases it also receives
some fibers from the last thoracic nerve (T12) (Hollinshead,
1982). The nerve supply of the lower limb is derived entirely

from the lumbar and sacral plexuses. The three main nerves
of the lumbar plexus—the lateral femoral cutaneous nerve
(LFCN), femoral nerve (FN), and obturator nerve (OBN)—
contribute to the innervation of the lower limb. Combining
blockade of these nerves with sciatic blockade can produce
complete blockade of the lower limb (Sim & Webb, 2004).
Several textbooks and articles have described the
common compositions of the branches of the lumbar plexus
with their considerable variations (Morris, 1947; Hollinshead,
1967, 1982; Gardner et al., 1986; Woodburne & Burkel, 1994;
Standing, 2016). The iliohypogastric nerve(IHN) usually
originates from the L1ventral ramus or T12 and L1 ventral
rami, the ilioinguinal nerve (IIN) usually originates from the
L1 ventral ramus, the genitofemoral nerve (GFN) usually
originates from L1 and L2 ventral rami, the LFCN is usually
derived from L2 and L3 or L1–L3 ventral rami, the FN is
usually derived from L2–L4 ventral rami, and the OBN is
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usually derived from L2–L4 or L3 and L4 ventral rami.
Rouvière & Delmas (1991) described that the GFN and LFCN
usually arise from the L2 ventral ramus. However, there have
been few morphometric investigations of the spinal
composition of the branches of the lumbar plexus. Woo et al.
(2011) reported the spinal nerve compositions and thicknesses
of the branches of the lumbosacral plexus, but the thicknesses
of the spinal components were not analyzed according to type
of the spinal composition.
Each peripheral nerve generally contains fibers derived
from multiple spinal nerves (Gardner et al., 1986).Many
branches of the spinal nerves do not run separately to the
muscles and skin that they innervate, instead joining or
exchanging branches with other spinal nerves. This mingling
and interchange—forming a plexus—gives rise to new nerves
that contain fibers from multiple spinal nerves. Where the
ventral branches of the spinal nerves come together to form a
plexus, much of the interchange of fibers is hidden by the
connective tissue that wraps all peripheral nerves. This
situation often makes it very difficult to determine exactly
which spinal nerves contribute to which branches of the plexus.
Knowledge about this has been gained both from very careful
dissections of plexuses after removing the surrounding
connective tissue as well as from clinical studies (Hollinshead,
1967). Thus, tracing the nerve fascicles by identifying the
origins of the spinal components is very important to obtaining
accurate information about the spinal composition of the
branches of the lumbar plexus.
The amount of fibers from various spinal components
of the branch of the lumbar plexus can represent the degree of
the segmental innervation of the skin and muscles in the lower
limb. Fibers from L1 that reach the FN and OBN are apparently
destined for its cutaneous branch (Hollinshead, 1982). In
addition, the size and function of peripheral nerve fibers are
generally proportional to their conduction velocity, with this
tending to be higher in larger fibers (Sunderland, 1991;
Sinnatamby, 2011). Therefore, the thickness of each spinal
component that constitutes the branches can indicate the
function and characteristics of the various branches of the lumbar plexus.

Furthermore, the thickest spinal component of each branch of
the lumbar plexus can differ with the type of its spinal
composition.
Midlumbar nerve-root impingement or nerve-root
impingement at the L2, L3, or L4 level is a cause of
lumbosacral radicular syndrome found with increasing
frequency in older adults (Blower, 1981; Suri et al., 2011).
Moreover, the roots of L4 and the fifth lumbar nerve (L5) can
be affected by sacral fractures (Häckel et al., 2020). Although
the classic presentation of radicular pain in midlumbar nerveroot impingement is in the groin or anterior thigh, pain may
also commonly be experienced in the calf, ankle, or foot
(Rainville et al., 2003). In addition, Hirabayashi et al. (2009)
described that the reason for variations in the symptoms of L3
radiculopathy is not clear. Since L2–L4 usually comprise the
main branches of the lumbar plexus, knowledge of the
thickness of each spinal component of the main branches can
be important for distinguishing the degree of their sensory
loss, muscle weakness, and neurological signs and symptoms.
Various roots and branches of the lumbar plexus course
through the psoas major muscle at different levels, but they
do not divide this muscle into definite planes (Hollinshead,
1971). Thus, the surgical resection of a schwannoma in the
psoas major muscle (Nathanson & Sonnino, 1987; Hida et
al., 1993; Khoshyomn et al., 2002; Pazouki et al., 2011; Seo
et al., 2011) can damage the branches or roots of the lumbar
plexus, resulting in corresponding symptoms and signs.
Therefore, the aim of this study was to clarify the
diverse spinal compositions of the branches of the lumbar
plexus in terms of their prevalence rates and thicknesses. The
findings of this morphometric study will be helpful for
anesthesiologists and acute-pain physicians when they are
diagnosing spinal root injuries and radiculopathy, performing
a lumbar plexus block for perioperative analgesia and surgical
anesthesia in the lower limb, and applying surgical approaches
to the lumbar plexus to resect a schwannoma in the psoas major
muscle.

MATERIAL AND METHOD
Due to variations in the spinal nerve composition, the
dermatome distribution and the motor innervation of muscles
of the lower limb can differ slightly from those expected. Thus,
knowledge of these spinal variations can be helpful for
predicting which branches of the lumbar plexus are affected
when the spinal nerve roots are compressed or injured. If the
thicknesses of spinal components of the branches of lumbar
plexus are known, it is possible to identify the main and minor
spinal components of each branch and the degree of the
affected dermatome distribution and innervation of muscles.

Thirty lumbar plexuses extracted from Korean adults
(eight males and seven females; mean age 66.8 years, age range
31–82 years) were used in this study. All cadavers had been
legally donated to Catholic Kwandong University College of
Medicine. The present study was conducted in accordance with
the Declaration of Helsinki. None of the transplant donors
were from a vulnerable population and all donors or next of
kin provided written informed consent that was freely given.
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This study was approved by the institutional review
board of Catholic Kwandong University (IRB No.
CKU-21-0903). The specimens were first immersed
in 5 % paraformaldehyde for 1 day and then in 0.04 M
guanidine for 1 week. The specimens were then again
immersed in paraformaldehyde for 1 day, before being
exposed for 1 hour to an ultrasonic cleaner in order to
soften the connective tissue around the nerve bundles.
The nerve fascicles were separated and traced with the
aid of a surgical microscope. The thickness of each
spinal nerve component was calculated based on the
mean of the largest and smallest diameters using digital
calipers (Mitutoyo, Kawasaki City, Japan) under the
surgical microscope. The thickness of the nerve was
measured at each spinal component before it formed
the branches of the lumbar plexus.

RESULTS
The lumbar plexus was formed by the union of the T12–L4,
L1–L4, or L1–L5 ventral rami, and the branches of the lumbar
plexus were the IHN, IIN, GFN, LFCN,FN, and OBN (Fig. 1). The
IHN arose from the ventral ramus of T12in 6 of 21 specimens (28.6
%) and from the ventral ramus of L1 in 15 specimens (71.4 %).
The thicknesses of T12 and L1 constituting the IHN were
2.38±2.51 mm (mean±SD) and 1.18±1.02 mm, respectively. The
IIN arose from the ventral ramus of L1 in 20 of 22 specimens (90.9
%) and from the anterior division of the ventral ramus of L2 in 2
specimens (9.1 %). The thicknesses of L1 and L2 constituting the
IIN were 0.61±0.69 mm and 0.40±0.45 mm, respectively.
The GFN arose from the anterior division of the ventral ramus
of L1–L3.The form of the GFN in the 22 investigated specimens could
be classified into 5 types:
Type I (n=2, 9.1 %), in which L1 constituted the GFN and was
0.56±0.59 mm thick.
Type II (n=1, 4.5 %), in which L1 and L2 constituted the GFN and were
0.57±0.78 mm and 1.02±1.15 mm thick, respectively.
Type III (n=15, 68.2 %), in which L2 constituted the GFN and was
0.60±0.58 mm thick.
Type IV (n=2, 9.1 %), in which L2 and L3 constituted the GFN and were
0.38±0.52 mm and 0.28±0.22 mm thick, respectively.
Type V (n=2, 9.1 %), in which L3 constituted the GFN and was
0.98±1.15 mm thick.

The LFCN arose from the posterior division of the ventral
ramus of L2 and L3, and the form of the LFCN in the 25 investigated
specimens could be classified into 2 types:
Type I (n=20, 80.0 %), in which L2 constituted the LFCN and was
0.73±0.75 mm thick.

Fig. 1. Spinal composition of the branches of the lumbar plexus. The iliohypogastric nerve (IHN) and
ilioinguinal nerve (IIN) arose from the ventral ramus
of the first lumbar nerve (L1), the genitofemoral nerve
(GFN) arose from the anterior division of the ventral
ramus of the second lumbar nerve (L2), and the lateral femoral cutaneous nerve (LFCN) arose from the
posterior division of the ventral ramus of L2, the
femoral nerve (FN) arose from the posterior division
of the ventral ramus of L2, the third lumbar nerve
(L3), and the fourth lumbar nerve (L4), and the
obturator nerve (OBN) arose from the anterior
division of the ventral ramus of L2–L4.
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Type II (n=5, 20.0 %), in which L2 and L3 constituted the LFCN and
were0.77±0.80 mm and 0.73±0.77 mm thick, respectively.
The FN arose from the posterior division of the ventral ramus of
L2–L5, and the form of the FN in the 28 investigated specimens could be
classified into 3 types:
Type I (n=23, 82.1 %), in which L2, L3, and L4 constituted the FN and
were 1.48±1.32 mm, 2.91±1.77 mm, and 2.19±1.45 mm thick,
respectively (Fig. 2a).
Type II (n=2, 7.1 %), in which L2, L3, L4, and L5 constituted the FN

and were 0.48±0.47 mm, 2.47±1.91 mm, 2.87±1.31 mm, and
0.51±0.50 mm thick, respectively.
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Type III (n=3, 10.7 %), in which L3, L4, and L5 constituted
the FN and were 2.11±1.76 mm, 3.30±2.41 mm, and
1.00±0.94 mm thick, respectively (Fig. 2b).

Type IV (n=5, 17.2 %), in which L3, L4, and L5 constituted the
OBN and were 0.91±0.76 mm, 1.38±0.95 mm, and 0.30±0.39 mm
thick, respectively.

The OBN arose from the anterior division of the
ventral ramus of L2–L5, and the form of the OBN in the
29 investigated specimens could be classified into 4 types:
Type I (n=1, 3.4 %), in which L2 and L3 constituted the
OBN and were 0.56±0.64 mm and 1.79±1.88 mm thick,
respectively.
Type II (n=12, 41.4 %), in which L2, L3, and L4 constituted
the OBN and were 0.53±0.55 mm, 1.45±1.02 mm, and
0.64±0.51 mm thick, respectively (Fig. 3).
Type III (n=11, 37.9 %), in which L3 and L4 constituted the
OBN and were 1.31±1.02 mm and 1.09±0.72 mm thick,
respectively.
Fig. 3. Spinal composition and thicknesses of the spinal components
that constituted the obturator nerve (OBN). When the OBN arose from
the second lumbar nerve (L2)–the fourth lumbar nerve (L4), the third
lumbar nerve (L3) was the thickest. GFN, genitofemoral nerve; LFCN,
lateral femoral cutaneous nerve; FN, femoral nerve. Dotted lines
indicate sites of measurements for the different spinal components
before they formed the OBN.

Fig. 2. Spinal composition and thicknesses of the spinal
components that constituted the femoral nerve (FN). (a) When
the FN arose from the second lumbar nerve (L2)–the fourth
lumbar nerve (L4), the third lumbar nerve (L3) was the thickest.
(b) When the FN arose from L3, L4, and the fifth lumbar nerve
(L5), L4 was the thickest. Dotted lines indicate sites of
measurements for the different spinal components before they
formed the FN. (LFCN= lateral femoral cutaneous nerve, OBN=
the obturator nerve).

Fig. 4.T he most common pattern of the spinal composition of the
branches of the lumbar plexus. The iliohypogastric nerve (IHN) and
ilioinguinal nerve (IIN) arose from the first lumbar nerve (L1), the
genitofemoral nerve (GFN) and the lateral femoral cutaneous nerve
(LFCN) arose from the second lumbar nerve (L2), the femoral nerve
(FN) arose from the second lumbar nerve (L2)–the fourth lumbar nerve
(L4), with the thickest spinal component derived from the third lumbar nerve (L3), and the obturator nerve (OBN) arose from L2–L4,
with the thickest spinal component derived from L3.
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DISCUSSION

This study has revealed the diversity of the spinal
nerve composition along with the thicknesses of the various
spinal components of the branches of the lumbar plexus by
separating the nerve fascicles. The thickest spinal component
of a branch differed according to its type of spinal
composition. The different thicknesses of spinal components
of a branch of the lumbar plexus indicated different degrees
of contribution and affection to the branches, which would
result in each branch have specific characteristics and
functions. The most common patterns of the spinal
composition of the branches of the lumbar plexus were as
follows (Fig. 4): the IHN and IIN arose from L1, the GFN
and LFCN arose from L2, the FN arose from L2–L4, with
the thickest spinal component derived from L3, and the OBN
arose from L2–L4, with the thickest spinal component
derived from L3.
Regarding the spinal composition of the branches of
the lumbar plexus, there were some discrepancies between
the results of the present study and those from previous
studies, which may be due to analyzing different numbers
of specimens and different species. Morris described that
the IHN originates from L1, after the latter has been joined
by the communicating branch from T12, which occurs in
about 50 % of all cases, and it thus contains fibers of both
T12 and L1. Sim & Webb (2004) reported that the IHN
mainly arose from L1 in 100 % of the specimens. However,
a communicating branch from T12 to L1 was not found in
the present study, and the IHN mainly arose solely from L1
in 71.4 % of the specimens. When the IHN arose from T12
in the present study, T12 was approximately twice as thick
as L1.
Morris, Gardner et al. and Standring (2016) stated
that the IIN usually originates from the L1 ventral ramus,
but may also receive a contribution from T12 or L2. Sim &
Webb reported that the IIN mainly arose from L1 in 100 %
of the specimens. In the present study, the prevalence of the
type in which the IIN arose from L1 was dominant in 90.9
% of the specimens.
The GFN mainly arose from both L1 and L2 in 91 %
of the specimens in the study of Sim & Webb, whereas the
GFN mainly arose from L2 in 68.2 % of the specimens in
the present study. Morris described that the GFN is connected
to L1 and L2, but most of its fibers are derived from L2.
When both L1 and L2 constituted the GFN, L2 was
approximately twice as thick as L1 in the present study. In
the cases in which the GFN comprised solely L1, L2, or L3,
L3 was the thickest among these three nerves.
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Morris described that the LFCN receives fibers from
the dorsal branches of the anterior primary divisions of L2
and L3, and frequently also some fibers from L1. Sim &
Webb stated that the LFCN mainly arose from L2 and L3 in
57 % of the specimens. In the present study, the LFCN mainly
arose from L2 in 80.0 % of the specimens.
Sim & Webb and the present study found that the FN
mainly arose from L2–L4 in 100 % and 82.1 % of the
specimens, respectively. Hollinshead (1982) described that
the FN originates mostly from L2, L3, and L4, with most of
the fibers derived from the latter two. Gardner et al. described
that the FN arises principally from L4, and also from L2
and L3. In the most common type of the FN of the present
study, L3 was the thickest among L2, L3, and L4. In addition,
L3 was approximately twice as thick as L2, while the
thickness of L4 was intermediate between those of L2 and
L3. However, when L5 contributed to the FN, such as in
type II (L2–L5, 7.1 %) and type III (L3–L5, 10.7 %), L4
was the thickest of the spinal components.
Gardner et al. described that the OBN usually arises
from L3 and L4, sometimes from L2, and occasionally from
L5. Morris described that the OBN contains fibers from the
anterior primary divisions of the L2, L3, and L4, but its
largest root is derived from L3. Sim & Webb stated that the
OBN mainly arose from L2–L4 in 97 % of the specimens.
However, in the present study, L2–L4 constituted the OBN
in 41.4 % of the specimens, while the two types that arose
from L3 and L4 and from L3–L5 comprised 37.9 % and
17.2 % of the specimens, respectively. In the type in which
L2–L4 constituted the OBN in the present study, L3 was
typically more than twice as thick as L2 and L4. However,
when L5 constituted the OBN, such as in type IV (L3–L5,
17.2 %), L4 was the thickest among L3–L5. Morris,
Hollinshead (1982), and Woodburne & Burkel stated the
accessory OBN in 8.4~29 % of their specimens, arising from
L3 or L3 and L4. However, the accessory OBN was not
found in the present study.
L5 is reportedly the most commonly injured nerve
root (Pateder & Kostuik, 2005). Horwitz (1939) reported
that the lumbar plexus receives fibers from L5 in about 12
% of plexuses. In the present study, L5 constituted the FN
and OBN in 17.8 % and 17.2 % of the specimens,
respectively. When L5 constituted the FN and OBN, the
thickest spinal components of the FN and OBN differed from
those of their most common types. The FN is the largest
branch of the lumbar plexus (Woodburne & Burkel) and the
FN and OBN contain both sensory and motor components.
Thus, when L5 is damaged, the FN and OBN can be partially
affected in some patients, resulting in neuropathic pain and
neurological symptoms and signs. Damage to the FN and
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OBN including L5 or their blocking for regional anesthesia
can especially result in diminished skin sensation and weakness
of muscles innervated by L4, indicating their different
contributions to innervation ofthe skin and muscles.
In conclusion, this morphometric study has measured
the thicknesses of diverse spinal components that constitute
the branches of the lumbar plexus after separating the nerve
fascicles. The thicknesses of the various spinal components of
these branches can be compared in order to understand which
make the main and minor contributions to the lower limb. The
obtained results can be a useful reference for diagnosing various
symptoms and signs related to spinal root radiculopathy and
for performing lumbar plexus block for perioperative analgesia and surgical anesthesia in the lower limb.
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RESUMEN: El objetivo de este estudio fue evaluar las diversas composiciones espinales de los ramos del plexo lumbar en cuanto a
sus tasas de prevalencia y grosor. Se utilizaron treinta plexos lumbares
extraídos de individuos adultos coreanos. Se separaron y trazaron los
fascículos nerviosos por medio de un microscopio quirúrgico. El grosor
de cada componente del nervio espinal se calculó con base en la media
de los diámetros mayor y menor utilizando calibradores digitales bajo el
microscopio. Los patrones más comunes de la composición espinal de
los ramos del plexo lumbar fueron los siguientes: el nervio iliohipogástrico
(NIH) y el nervio ilioinguinal (NII) surgieron del ramo ventral del primer nervio lumbar (L1). El nervio genitofemoral (NGF) surgió de la
división anterior del ramo ventral del segundo nervio lumbar (L2). El
nervio cutáneo femoral lateral (NCFM) surgió de la división posterior
del ramo ventral L2. El nervio femoral (NF) surgió de la división posterior del ramo ventral de L2. El cuarto nervio lumbar (L4), con el componente espinal más grueso derivado del tercer nervio lumbar (L3) y el
nervio obturador (NOB) surgieron de la división anterior del ramo ventral de L2-L4, con el componente espinal más grueso derivado de L3.
Sin embargo, cuando L5 constituía el NF y NOB, los componentes
espinales más gruesos del NF y NOB eran de L4. Este estudio
morfométrico analizó los espesores de diversos componentes espinales
que constituyen las ramas del plexo lumbar después de separar los fascículos nerviosos. Es posible comparar los espesores de los diversos componentes espinales de estos ramos para comprender las contribuciones
principales y menores al miembro inferior.
PALABRAS CLAVE: Plexo lumbar; Composición del nervio espinal; Espesor.
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