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Abstract : The aim of this study was to examine the variation of the sacral plexus in Thais in terms
of its origin, branches, and variation in each branch. Anatomical dissections weére conducted in 150 halves
of formalin—embalmed cadavers. All preserved cadavers were Thais, ranging in age from 35 to 85 years
old, 86 males and 64 females. The sacral plexus was markedly comprised of the fourth lumbar to fourth
sacral ventral rami (L -S,) in 98.67 % of the plexuses {or 148 cases) except for two plexuses (1.33% of the
plexuses) those were derived from the ventral rami of the fourth lumbar to fifth sacral ventral rami (L -S).
The sacral plexus, lying on the posterior wall of the lesser pelvis anterior to the piriformis muscle, has nine
named branches. Six of these are distributed to the buttock and lower limb, including I) Nerve to the
Ouadratus Femoris and Gemellus Inferior, 2) Nerve to the Obturator Internus and Gemellus Superior, 3)
Superior Gluteal, 4) Inferior Gluteal, 5) Posterior Femoral Cutaneous and 6) Sciatic. The other branches
supply structures belonging to the pelvis, including 7) Nerve to the Piriformis, 8) Pudendal and 9) Pelvic
Splanchnic. The variant of origination and formations of all branches occur on both sides. However, the
anatomic variability of the plexuses was not statistically different with regard to either side or gender. The
results from this study provided additional information and new insights into the sacral plexus in terms of
its origins, branches, and variations of each branch that might be useful in medicine, anesthesia, surgery
and physical therapy.
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INTRODUCTION

The sacral plexus is the nerve plexus which
lies on the posterior wall of the lesser pelvis anterior
to the piriformis muscle. According to typical textual
descriptions'”, the plexus originates from the fourth
lumbar through the fourth sacral ventral rami (L -5,).
There are nine named branches arising from the sacral
plexus: nerve to the quadratus femoris and gemellus
inferior, nerve to the obturator internus and gemellus
superior, superior gluteal nerve, inferior gluteal nerve,
posterior femoral cutaneous nerve, sciatic nerve,
nerve to the piriformis, pudendal nerve, and pelvic
splanchnic nerves. The knowledge of the precise
anatomy and anomalies of the sacral plexus and its
branches is essential for performing a block of the
sacral plexus and its branches®, for diagnosing the
cause of pain, and treating entrapment neuropathy
and nerve injuries™, for surgical treatment such as
pudendal canal decompression™, piriformis muscle
syndrome!!, operating in the perineal region', and
for neurostimulation,'™ ete. Additionally, studics on
the origin of sacral plexus and the variations of its
branches, however, are nol conclusive and are sall
controversial'*'®

Therefore, the aim of this study was to
examine the variation of the sacral plexus in Thais in
terms of its origin, branches, and variations in each
branch. Consequently, a comparison of described
variations to those known from former studies was
performed; the influences of gender and side
differences were also taken into consideration.

MATERIALS AND METHODS

Anatomical dissections of the sacral plexus
were conducted in 150 halves of formalin-embalmed
cadavers at the Department of Anatomy, Faculty of
Medicine Siriraj Hospital, Mahidol University. All
preserved cadavers were Thais, ranging in age from
35 to 85 years, There were 86 males and 64 females.
The approach to dissection was to first remove the
skin and subcutaneous fat of the entire abdomen and
thigh. The abdomen was then opened and the vis-
ceral organs and retroperitoneal fal were removed.
The psoas major muscle was carefully removed and
each root of the sacral plexus was determined. After
exploring the origin of the sacral plexus, its branches
and the variations of each branch were identified and
recorded,

RESULTS

The sacral plexus was formed by the
lumbaosacral trunk (L -1, ), the ventral rami of the first
through fourth sacral nerves. All of the contributing
nerves, except S,, were divided into anterior and
posterior branches, As above, it was found in 148
plexuses or 98.67% (Figure 1). However, two
plexuses (1,33 %) were derived from the ventral rami
of the fourth lumbar through the fifth sacral ventral
rami (L -5,). The sacral plexus, lying on the posterior
wall of the lesser pelvis anterior to the piriformis
muscle, had nine named branches. Six of these were
distributed to the buttock and lower limb, including
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Figure I, A diagram showing the normal pattern of origin and formation of sacral plexus and its branches. The
plexus included contributions from L, through S, nerves (L,-S,). All of the contributing nerves,
excepl S, were divided inlo anterior and posterior divisions.

1) nerve to the quadratus femoris and gemellus
inferior, 2) nerve to the obturator internus aned
gemellus superion, 3) superior gluteal nerve, 4)
inferior gluteal nerve, 5) posterior femoral
cutaneous nerve and 6) sciatic nerve. The other
branches supply structures belonging to the pelvis,
including 7) Nerve to the Piriformis, 8) Pudendul
nerve, and 9) Pelvic Splanchnic nerves (Figure 1).
The variant of origination and formations of all
branches occorred an both sides and were described
as follows:

The Nerve to the Quadratus femoris and
Gemellus inferior arose from the anterior divisions
of the fourth and [ifth lumbar and/or first sacral nerves.
It supplied the hip joint, inferior gemellus, and ended
in the anterior surface of the quadratus femoris. Based
on origins from the sacral plexus, two different types
af nerve were distinguished (Figure 2). Type A, which
ariginated from three roots, the fourth and fifth lum-
bar and first sacral nerves (L-L.-5,) in 146 cases or
7.33%, was classified as a normal pattern. The other
{or type B), which originated from two roots (L -L,)
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Figure 2. A diagram illustrating two different ty pes of the nerve fo the quadratus femoris and gemellus inferior.
Type A and B originated from the anterior divisions of L, through 5, nerves (L -L.-S ), and L, through
L, nerves (L-L,). (Qf, nerve to the quadratus femoris and gemelius inferior)

in 4 cases or 2.67%, was classified as a variation pat-
tern.

The MNerve to the Obturator internus and
Gemellus superior arose from the anterior divisions
of the fifth lumbar through second sacral nerves (L.-
5,-5,) in all cases, or 1009, and was classified as a
normal pattern {Figure 3). This nerve supplied the
superior gemellus and entered the ischiorectal fossa
on the medial surface of the obturator internus,

. Anterfor Division

. Pasterior Division
LA

Figure 3. A diagram illustrating the Nerve to the
Obturator Internus and Gemellus Superior
originated from the anterior divisions of
L through S, nerves (L,-5,-S,). (Oi, Nerve
to the Obturator internus and Gemelluos
superior)

The Superior gluteal nerve arose from the
posterior divisions of the fourth lumbar through
second sacral nerves (L-5,). It was divided into the
superior branch supplying the gluteus medius and
minimus, and inferior branch supplying the gluteus
medius and minimus, and tensor fascia lata. Two dif-
ferent types of the nerve were distinguished (Figure
4). Type A, which originated from the fourth lumbar
through the first sacral nerves (L -L.-5 ) in 139 cases
or 92.67%, was classified as a normal pattern. The
other (type B), which originated from the fourth lum-
bar through second sacral nerves (L-L,-5,-5,)in 11
cases or 7.33%, was classified as a variation pattern.

The Inferior gluteal nerve leaves the pel-
vis below the piriformis and passes to the gluteus
maximus. It arose from the posterior divisions of the
fifth lumbar through second sacral nerves (L-S,).
Based on its origin, two different types of the nerve
were distinguished (Figure 5). Type A, which origi-
nated from the posterior divisions of the fifth lumbar
through second sacral nerves (L.-5-5,) in 144 cases
or 96%, was classified as a normal pattern. Type B,
which originated from the posterior divisions of the
fifth lumbar and first sacral nerves (L-5,) in 6 cases
or 4%, was classified as a variation pattern.

The Posterior femoral cutaneous nerve is
distributed to the skin of the perineum and posterior
surface of the thigh and leg. Four different types of
the nerve were distinguished (Figure 6). Type A,
which originated from the posterior divisions of the
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Figure 4. A diagram illustrating two different types of the superior gluteal nerve. Types A and B originated
from the posterior divisions of L, through S, nerves (L-L.-S ), L, through S, nerves (L -L.-5-5,).
(Sg, Superior gluteal nerve)

‘ Anterior Division B Anterior Division
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Figure 5. A diagram illustrating two different types of the inferior gluteal nerve. Types A and B originated
from the posterior divisions of L, through 5, nerves (L.-5-8,), L, through S, nerves (L-5 ).
(Ig, Inferior gluteal nerve)
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Figure 6. A diagram illustrating four different types of the posterior femoral curaneous nerve. Type A origi-
nated from the posterior divisions of 8-S, and anterior divisions of 8-S, nerves. The other types,
including types B, C, and D, originated from the posterior divisions of L_-S, and anterior division of
5, nerves; the posterior divisions of 5-5, and the anterior division nf S nerves; the posterior
dwﬁmn of S, and the anterior divisions c-f S -8, nerves. (Pf, Posterior femum! culaneous nerve)

first and second (S-5,) and anterior divisions of the
second and third Saﬂrﬂl nerves (5,-5,) in 148 cases or
D8.67%, was classified as a nnrmal pattern. The other
types included types B, C and D, which originated
from the posterior divisions of the fifth lumbar and
the second sacral and anterior division of the second
sacral nerves (L.-S -8,) in 1 case or 0.67%; the poste-
rior divisions of the lirst and second sacral and ante-

rior division of the second sacral nerves (5,-5,) in |
case or (L.67%:; the posterior division of the second
sacral, and anterior divisions of the second and third
sacral nerves (5,-5,) in 1 case or 0.67%, respectively.
All types except type A were classified as variation
patterns,

The Sciatic nerve is the largest nerve in the
body and supplies nearly the whole of the skin of the
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Figure 7. A diagram illustrating two different types of the sciatic rerve. Type A, in which the tibial and
common peroneal were joined at the anterior surface of the piriformis, was classified as a normal
formation. Meanwhile, type B in which the commaon peroneal pierced the muscle and joined with
the tibial inferior to the muscle, was classified as variation formation. (Cp, Common peroneal nerve;

Pm, Piriformis muscle; Ti, Tibial nerve)

leg, the muscles of the back of the thigh, and those of
the leg and foot. It is divided into two large branches,
the tibial and common peroneal nerves. The tibial
nerve originated from the anterior divisions of the
fourth lumbar through third sacral nerves (Lerj—Sl—
5,-8,), whereas the peroneal nerve originated from
the posterior divisions of the fourth lumbar through
second sacral nerves (L-L-5-5,). Therefore, all sci-
atic nerves (150 cases or 100%) originated from L
through 8, nerves and were classified as normal pat-
terns of origin. Based on its formation relating to the
piriformis, two different types of the nerve were dis-
tinguished (Figure 7). Type A, in which the tibial and
common peroneal nerves joined at the anterior (pel-
vic) surface of the piriformis, was classified as a nor-
mal formation {124 cases or 82.67%). Meanwhile,
type B, in which the commaon peroneal nerve pierced
the muscle and joined with the tibial nerve inferior
to the muscle, was classified as a variation formation
{26 cases or 17.335%).

The Nerve to the Piriformis arose {rom the
posterior divisions of the first and second sacral

nerves (S,-5,), or the posterior division of the first
sacral nerve (S ) or second sacral nerve (8,), and the
anterior division of the third sacral nerve (S,) (Figure
8). It entered the pelvic surface of the piriformis
within the pelvis. Based on origins from the sacral
plexus, four different types of this nerve were distin-
guished (Figure 8). Type A, which originated from
two roots, the first and second sacral nerves (S-5,) in
88 cases or 58.67%, was classified as a normal pat-
tern. This normal patiern was subdivided into two
subtypes: type Al (79 cases or 52.67%) in which two
nerves originated directly from the posterior divi-
sions of the first and second sacral nerves, whereas
type A2 (9 cases or 6%) originated from the common
trunk of the posterior divisions of the first and
second sacral nerves. The other types which origi-
nated from the posterior division of the second
sacral (5.) in 58 cases or 38.67%, first sacral (5,) in 2
cases or |.33%, the posterior division of the second
and the anterior division of the third sacral nerves
(5,-8,) in 2 cases or 1.33% and classified as type B,
C, and D, respectively.
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Figure 8, A diagram illustrating four different types of the nerve to the piriformis. Type A, which originated
from §,-S, nerves, was subdivided into two subtypes: type Al and type A2, which originated di-
rectly from the posterior divisions of S-S, nerves and the common trunk of those nerves, The other
types including type B, C, and D originated from the posterior division of S, nerve, S nerve, the
posterior division of 8, and anterior division of 5, nerves. {Pi, nerve to the piriformis})

The Pudendal nerve is the main nerve of
the sacral part of the lumbar plexus. It accompanies
the internal pudendal vessels, passed through the
lesser sciatic Toramen into the perineum, and enters
the pudendal canal on the obturator fascia of the
lateral wall of the ischiorectal fossa, This nerve arose
from the anterior divisions of the second through
fourth sacral nerves (5,-5,-5,)in 150 cases or 1005,
and was classified as a normal pattern (Figure 9).

The Pelvic Splanchnic Nerves consists of
the preganglionic parasympathetic fibers. Three
different types of the nerve were distinguished
(Figure 10), Type A, which originated from the ven-
tral rami of S, through S, in 58 cases or 38.67%, was
classified as a normal pattern. The other types in-
clude types B and C originating from the ventral
rami of §, through 8, in 80 cases or 53.33%:; and the
ventral rami of S, through S, in 12 cases or 8%,
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respectively. They were classified as variant patterns.

Briefly, all branches from the sacral
plexuses were present in 100% of the 150 cases. The
variant of origin and formations of the sacral plexus
and its branches occurred on both sides, There were
no statistical differences with regard to either gender
or side,

DISCUSSION
Our results indicated that most of the sacral

plexuses originated from the lumbosacral trunk (L -
L,) and the ventral rami of the first through fourth
sacral nerves (S,-5 ). This finding was similar to those
ﬁ Antariar Division of previous studies'” and the usual textbook
descriptions'®. Origins of these plexuses varied as
these were derived from the ventral rami of the fourth
lumbar through fifth sacral ventral rami (L -5, )*".
Figure 9. A diagram illustrating the pudendal nerve Additionally, each branch of the plexuses was found

originated from the anterior divisions to have many types of variations,

of §, through S, nerves (5,-5.-5,).

{Pu, pudendal nerve)

. Posterior Division a
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e
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Fipure 10. A diagram illustrating three different types of the pelvic splanchnic nerves. Type A originated from
the ventral rami of S, through 5, nerves. The other types including type B and C originated from S,
through 5, nerves; 5, through 5, nerves. (Ps, Pelvic splanchnic nerve)
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Table 1. The origin of nerves of the sacral plexus was variable, The range of these variations from this study

is tabulated below.

Nerves Ant. divisions  Post. divisions
1. Nerve to quadratus femoris and gemellus inferior L-L,L-L-S, -
2. Nerve to obturator internus and gemellus superior Ei-5,-3; =
3. Superior gluteal nerve - L-L-S,L-L-5-5
4. Inferior gluteal nerve - L-5/-5,;L-5
5. Posterior femoral cutaneous nerve 8, 8,-5, L-8,-5,8-8,58
6, Sciatic nerve - Tibial nerve L-L-5-8,-5, -
- Common peroneal nerve - L-L-5-5,
7. Nerve to piriformis - 5,58-8,,5,8-5,
8. Pudendal nerve 8,-5,-8, -

9. Pelvic splanchnic nerves
(preganglionic parasympathetic fibers from S,
through S,, 5, through Sy S, through §,

A comparison of described variations to that
known from former studies was performed as follows,
The origin of the nerve o the quadratus femaris and
Inferior pemellus from L -L-5, nerves; L -L, nerves
was consistent with the previous studies®*';
however, its origin from L-5, nerves was not found
in this study, Although the origin ol the nerve to the
abturator internus and superior gemellus from L-
5,-8, was consistent with other findings™", there
were conflicting reports™'® regarding its origin from
L,-L-5-5, 8 -8 The origin of the superior gluteal
nerve from L-L-5; 5,, L -L-5-5,, was different
from a previous study® which reported that its origin
derived from L -L ;8 ; L,-S ; L-S -8,. Similarly, the
inferior gluteal nerve, originating from L -5 -8,; L.-
S,. was consistent with other studies™*** except that
the nerve may receive some fibers from L, or 87"
Most origins of the posterior femoral cutaneous
nerve, derived from the anterior divisions of 5,-5,
and posterior divisions of 5,-5,, were consistent with
previous studies™ 1% %2 exeept that it received some
fibers from L, or § >, All of the sciatic nerves in
this finding, in which the tibial nerve originated from
the anterior divisions of L -L,, 5 -5, and the commaon
peroneal nerve originated from the posterior divisions
of L-L,, 5,-8,, corresponded to the previous
studies® 2 H - Alihough the variation in origin of

the sciatic nerve was absent in this result; its origin
wis in contrast to the previous studies which
described this nerve as having major contributions
from L-S,. L5 1%, Based on its formation which
related to the piriformis, two types of the nerve were
similar to the previous findings®-%, The nerve to the
piriformis, which originated directly from the
posterior divisions of 5,-5, or the commaon trunk of
those nerves, supported the earlier studies® #2227,
however, its origin from L L or 8,* was not found in
this study. All of the pudendal nerves in this finding
originated from the anterior divisions of the second
through fourth sacral nerves (5,-5.-5,). This result
corresponded to the pervious studies** 5% however,
its origin is in contrast to the other reports™'* which
described this nerve as having contributions from
L,, 8. Finally, the pelvic splanchnic nerves, which
originated from preganglionic parasympathetic fibers
from 5.-5,-5,, 5.-5,, 5,-5,, were similar to findings of
previous studies™,

As above, the sacral plexus was varied and
complicated, Therefore, thie different features of the
sacral plexus in terms of the variable origin, branches,
and the origin of each branch may be related 1o race.
Additionally, variation patterns of the plexus
occurred on both sides. The anatomic variability,
however, of the plexus was not statistically different
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with regard to either side or gender. This finding
provides additional information and new insights
into the sacral plexus in terms of its origing, branches,
and variations of each branch which may be helpful
in the applications 1o medicine, anesthesia, physical
therapy, and surgery.
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