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Abstract
The present study was carried out to determine the morphological structure and the branches of the lumbosacral plexus

in the indigenous duck (Anas platyrhynchos domesticus). Six mature indigenous ducks were used in this study. After ad-
ministering an anesthetic to the birds, the body cavities were opened. The nerves of the lumbosacral plexus were dissected
separately and photographed. The lumbosacral plexus consisted of lumbar and sacral plexus innervated to the hind limb. The
lumbar plexus was formed by the union of three roots of spinal nerves that included last two and first sacral spinal nerve.
Among three roots, second (middle) root was the highest in diameter and the last root was least in diameter. We noticed
five branches of the lumbar plexus which included obturator, cutaneous femoral, saphenus, cranial coxal, and the femoral
nerve. The six roots of spinal nerves, which contributed to form three trunks, formed the sacral plexus of duck. The three
trunks united medial to the acetabular foramen and formed a compact, cylindrical bundle, the ischiatic nerve. The principal
branches of the sacral plexus were the tibial and fibular nerves that together made up the ischiatic nerve. Other branches were
the caudal coxal nerve, the caudal femoral cutaneous nerve and the muscular branches. This study was the first work on the
lumbosacral plexus of duck and its results may serve as a basis for further investigation on this subject.
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INTRODUCTION

Currently, there is great interest in many different avian
species for numerous reasons including, birds serving as com-
panion animals, as models in biological and biomedical re-
search and as sources of high quality protein (McLelland,
1990). Because of this interest in birds on many different lev-
els, there is also increased interest in avian anatomy and phys-
iology. According to the Food and Agriculture Organization
(FAO) of the United Nations, over 60 billion chickens and 2
billion ducks are produced worldwide every year, with these
figures increasing annually (FAO, 2014). Among poultry in
Bangladesh, the duck is the second widespread species fol-
lowing the chicken (Ahmed, 1986). Ducks are well known for
their attractive egg’s size and their highest resistance against
different avian diseases. Duck rearing is one of the possible
means breaking out of poverty trap of resource-poor small-
holder families in low income countries (Pym et al., 2002).

From more than many decades, intense selections have been
performed in both the duck and the broiler chicken to increase
the breast muscle. This intensive selection for growth rate
in both chickens and ducks has resulted in leg morphology
changes, which are likely to influence gait. Ducks has an
excellent adaptation capability for locomotion in both land
and water media (Duggan et al., 2016). In the livestock, leg
weakness is a welfare issue; since it is associated with pain
and modified behavior (Caplen et al., 2013). There are very
little data available on the prevalence of welfare issues in do-
mestic ducks (Jones und Dawkins, 2010); however, in duck
and chicken breeding, selection intensities, achieved growth
rates, and carcass weights are similar, and it is likely that lo-
comotion problems also exist to some extent in the domestic
duck.

Sets of spinal nerves that serve the same body area are
arranged into one large group of nerves. Enlargements called
intumescences are found in the spinal cord. These intumes-
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cences correspond to the formation of the brachial and lum-
bosacral plexuses that will innervate the thoracic (forelimb)
and pelvic limbs (hind limb), respectively. The knowledge of
the origin, route, and destination of the plexus components
is important to clinical practice and surgery. To understand
a little better the features of design that characterize a mam-
mal organism, we must interpret its structure from a com-
parative perspective, in the analysis of lumbosacral plexuses,
even though there are fewer available reports on birds than
on mammals. In birds, the mixed nerves that constitute the
lumbar, sacral, and pudendal plexuses accomplish the inner-
vation of the pelvic region, hind limb, and tail (Dursun, 2002).
Among the nerves present in these regions, the lumbosacral
plexus nerves are very important for the diagnosis of Marek’s
disease. One of the most widespread avian infections, this
pathology causes a swelling of peripheral nerves, loss of stri-
ated mass, and lethargy. Duck has resistance to Marek’s dis-
ease and lumbosacral plexus nerves are not affected (Aiello
und Mays, 1998). Scientists are curious how these nerves be-
come resistant to Marek’s disease. However, there is not any
study on the lumbosacral plexus of the duck although there
are many studies on the anatomy of the lumbosacral plexus
for different types of birds such as the chicken (Serbest et al.,
1993), the white turkey (Istanbullugil, 2008), the rock par-
tridge (Alectoris graeca) (Can und Ozdemir, 2012a,b), the
quail (Coturnix coturnix japonica) (Can und Ozdemir, 2011),
the pheasant (Phasianus colchicus mongolicus) (Istanbullugil
et al., 2013), the pigeon (Columba livia) (Balkaya und Ozu-
dogru, 2013), the ostrich (Struthio camelus) (El-Mahdy et al.,
2010), the sparrowhawk (Balkaya und Ozudogru, 2016a,b)
and the Eurasian eagle owls (Akbulut et al., 2016). Thus,
we have aimed to elucidate the morphological features of the
lumbosacral plexus in the indigenous duck and to discuss its
similarities and dissimilarities with other avian species.

MATERIALS AND METHODS

A total of six mature indigenous ducks (three of them
were male and three were female) were used in this study.
The ducks were purchased from the local market near the Fac-
ulty of Animal Science and Veterinary Medicine, Patuakhali
Science and Technology University, Babugonj, Barisal. All
the ducks were apparently healthy and devoid of any exter-
nal abnormalities. The live body weights of birds varied from
1.5 to 2.0 kg. The ducks were anaesthetized with pentobarbi-
tal sodium @50mg/kg body weight i/m. All the ducks were
bled to death by giving incision on the right common carotid
artery. An incision was made from cloaca to the xiphoid pro-
cess and expanded around the sternum. The body cavity was
opened and internal organs were removed without damage
to the nerves forming the lumbosacral plexus. The cadavers
were then fixed in 10% formalin solution for 72 hours. The
ducks were thoroughly dissected and the nerves of the lum-
bosacral plexus were photographed separately. The terminol-
ogy used in this study is compatible with that of the Nomina
Anatomica Avium (Baumel et al., 1993).

RESULTS
The network of nerves that innervated the pelvic limb

of duck was the lumbosacral plexus, consisted of lumbar and
sacral plexus.

Lumbar plexus
In this study, the lumbar plexus was observed on the

ventral surface of the preacetabular ilium, in a close asso-
ciation with the cranial division of the kidney. In the duck,
the union of three roots of spinal nerves, which included last
two lumbar and first sacral spinal nerve (Figure 1A), formed
the lumbar plexus. Among three roots of the lumbar plexus,
second (middle) root was the highest in diameter and the last
root was least in diameter by eye observation. We noticed
five branches of the lumbar plexus that innervated mostly
the thigh region. The branches of lumbosacral plexus have
found different in origin and distribution which include ob-
turator, cutaneous femoral, saphenus, cranial coxal, and the
femoral nerve (Figure 1A,1B).The obturator nerve was orig-
inated from cranial and middle root of the lumbar plexus.
It then travelled caudolaterally parallel to the ventral border
of the ilium and left the pelvis through the obturator fora-
men (Figure 1A). This nerve innervated the obturatorius, is-
chiofemoralis, and adductor muscle. The cutaneous femoral
nerve was originated from the cranial border of the lumbar
plexus (Figure 1B). It then moved craniovantrally and inner-
vated the muscle sartorius, iliotibialiscranialis and the skin.
Saphenous nerve originated from the caudal root along the
caudal border of the lumbar plexus, passed caudolaterally
and supplied to the iliacus muscle (Figure 1B). The cranial
coxal was a small nerve originated from craniodorsal bor-
der of the lumbar plexus, turned dorsadinnervated the iliotib-
ialislateralis muscle (Figure 1B).The femoral nerve was the
largest and terminal branch of the lumbar plexus. It was di-
vided into three branches immediately after its origin (Figure
1B). The femoral nerve supplied the iliotibialis, femorotib-
ialis, and patellar region of the knee joint.

Sacral plexus
In the present study, we found that the sacral plexus of

duck was formed by the six roots of spinal nerves, which
contribute to form three trunks (Figure 1C). The first sacral
nerve had two branches, cranial and caudal branches. Cra-
nial branch contributed to the formation of brachial plexus
(furcal nerve) and caudal branch contributed to the formation
of sacral plexus. The caudal branch of first sacral nerve and
the ventral branch of second sacral nerve united and formed
the cranial trunk. The ventral rami of third and fourth sacral
spinal nerves united to form middle trunk. Middle trunk
merged with the cranial trunk and generated a new root in
the cranial part of the caudal renal division. After the short
distance from the origin of the ventral branch of fifth sacral
spinal nerve united with the cranial branch of first puden-
dal nerve and formed the caudal trunk (Figure 1C).The three
trunks united medial to the acetabular foramen and formed a
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compact, cylindrical bundle, the ischiatic nerve (Figure 1D).
Removal of the epineural sheath of the bundle revealed that
the plexus breaks up into its branches within the pelvis. The
principal branches of the sacral plexus were the (1) tibial and

(2) fibular nerves that together made up the ischiatic nerve.
Other branches were: (3) the caudal coxal nerve; (4) the cau-
dal femoral cutaneous nerve; and (5) the muscular branches
(Figure 1D).

Figure 1: Formation of lumbosacral plexus and its branches in the indigenous duck. A. Lumbar plexus was formed by the
union of the ventral branches of last two lumbar and first sacral spinal nerves. B. Branches of lumbar plexus. C. Shows the

six roots for the formation of sacral plexus. D. Shows the branches of lumbar plexus. Bg= bigeminus nerve; f= furcal nerve;
L6,7= lumbar spinal nerve 6, 7; Lp= lumbar plexus; I= Femoral cutaneous nerve, II= Cranial coxal nerve, III= Femoral
nerve, IV= Saphenous nerve, V= Obturator nerve; S1,2,3,4,5= Sacral spinal nerve 1,2,3,4,5; mb= muscular branch; Is=

Ischiatic nerve; 1= Caudal coxal nerve, 2= Caudal femoral cutaneous nerve.

DISCUSSION

In this study, it was observed that the lumbar plexus in
the duck was formed by the union of three roots of spinal
nerves, which included ventral branches of the last two lum-
bar spinal nerves and first sacral spinal nerve. Different find-
ings were reported in the ostrich (El-Mahdy et al., 2010)
and Japanese quail (Bentley und Poole, 2009) where lum-
bar plexus was formed by the ventral branches of four spinal
nerves that include three lumbar and one sacral root. How-
ever, similar findings were reported in many avian species
where the lumbar plexus was formed by the ventral branches
of three spinal nerves such as chicken (Nickel et al., 1977;
Dursun, 2002), quail (Fitzgerald, 1969), Japanese quail and
rock partridge (Can, 2011; Can und Ozdemir, 2012a). In the
present study, the lumbar plexus gave off five large branches

that were distributed mostly in the thigh of duck which in-
cluded obturator, cutaneous femoral, saphenus, cranial coxal,
and the femoral nerve. Similar findings were recorded for the
chicken (Nickel et al., 1977; Dursun, 2002), pigeon (Balkaya
und Ozudogru, 2013) and for Japanese quail and rock par-
tridge (Can, 2011; Can und Ozdemir, 2012a).In the ostrich,
three branches of the lumbar plexus nerves that include the
cranial coxal nerve, femoral nerve and obturator nerve were
reported (El-Mahdy et al., 2010). In contrast, Can (2011) re-
ported that in rock partridges and Japanese quail, the lumbar
plexus had provided six branches, which were ilioinguinal,
cutaneusfemoris, femoral, cranial coxal, saphenus and ob-
turator nerve. In our study, the obturator nerve was origi-
nated from cranial and middle root of the lumbar plexus. It
then travelled caudolaterally parallel to the ventral border of
the ilium and left the pelvis through the obturator foramen,
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which was very similar with that of, reported in domestic fowl
(Baumel, 1979; Breazile und Yasuda, 1979; Vanden Berge,
1979). In the ostrich, the nerve extended caudally in the cra-
nial margin of the pubis (El-Mahdy et al., 2010), whereas,
Martin et al. (1994) reported that this nerve was located me-
dially in the proximal part of the femur.

In our observation in the duck, the cutaneous femoral
nerve was originated from the cranial border of the lumbar
plexus. It then moved cranioventrally and innervated the mus-
cle sartorius, iliotibialiscranialis and the skin. The same find-
ings were reported for flamingo (Berge, 1976), domestic fowl
(Nickel et al., 1977; Dursun, 2002) and ostrich (El-Mahdy
et al., 2010). In addition, Can (2011) stated that this nerve
innervated the skin around the lateral thigh. In the present
study, the saphenous nerve originated from the caudal root
along the caudal border of the lumbar plexus, passed cau-
dolaterally and supplied to the iliacus muscle of duck, which
was in the same line with that of findings as in domestic
birds reported by Dursun (2002) and Nickel et al. (1977).
By contrast, El-Mahdy et al. (2010) reported that the saphe-
nous nerve originated from the femoral nerve in ostrich.In
the duck, the cranial coxal was a small nerve originated from
craniodorsal border of the lumbar plexus, turned dorsad in-
nervated the iliotibialislateralis muscle which is similar to
that of quail (Fitzgerald, 1969) and ostrich (El-Mahdy et al.,
2010). In our findings in the duck, the femoral nerve was
the largest and terminal branch of the lumbar plexus, which
is similar as in domestic fowl (Nickel et al., 1977; Dursun,
2002) and ostriches (El-Mahdy et al., 2010). In duck, the
femoral nerve was divided into three branches immediately
after its origin. Fitzgerald (1969) and Can (2011) reported
that the femoral nervedivided into three branches between the
body and thigh in quail and Japanese quail. The ramification
of the femoral nerve in the duck was similar to that reported
for quail (Fitzgerald, 1969) and Japanese quail (Can, 2011).
Contrary to these reports, Can (2011) and Can und Ozdemir
(2012a) stated that the nerve divided into five branches in the
rock partridge.

El-Mahdy et al. (2010) stated that this nerve gave rise
to six branches in the ostrich and that was divided into two
branches in the pigeon following its origin (Balkaya und Ozu-
dogru, 2013).

It was detected that the sacral plexus of the duck was
formed by ventral branches of synsacral nerves leaving from
the canal of synsacrum and this plexus was linked to the lum-
bar plexus via the furcal nerve and to the pudendal plexus
with the bigeminus nerve. In our study, the sacral plexus of
duck was formed by the ventral rami of six synsacral spinal
nerves, which contributes to form three trunks. It was re-
ported that, the sacral plexus was formed by four ventral rami
of synsacral nerves for the quail (Can und Ozdemir, 2011),
the pigeon (Balkaya und Ozudogru, 2013), the pheasant (Is-
tanbullugil et al., 2013), the chicken (Serbest et al., 1993) and
five for the rock partridge (Can und Ozdemir, 2012b), six for
the white turkey (Istanbullugil, 2008) and seven for the os-
trich (El-Mahdy et al., 2010). In the duck, the caudal branch
of first sacral nerve and the ventral branch of second sacral
nerve were united and formed the cranial trunk. The ven-

tral rami of third and fourth sacral spinal nerves were united
to form middle trunk. Middle trunk merged with the cranial
trunk and generated a new root in the cranial part of the cau-
dal renal fossa. After the short distance from the origin of
the ventral branch of fifth sacral spinal nerve united with the
cranial branch of first caudal spinal nerve and formed the cau-
dal trunk. Similar finding was reported that ventral branches
of synsacral nerves, forming the sacral plexus, formed three
trunks: the cranial trunk, the middle trunk and the caudal
trunk (Istanbullugil, 2008; Can und Ozdemir, 2012b; Balkaya
und Ozudogru, 2013); however, there were two trunks in the
case of the ostrich, namely the cranial trunk and the caudal
trunk (El-Mahdy et al., 2010). It was stated that three for
the white turkey (Istanbullugil, 2008), five for the ostrich (El-
Mahdy et al., 2010), two for the rock partridge (Can und
Ozdemir, 2012b), the pheasant (Istanbullugil et al., 2013),
the quail (Can und Ozdemir, 2011), the pigeon (Balkaya und
Ozudogru, 2013) and the chicken (Serbest et al., 1993) ven-
tral branches of synsacral nerves participated in the forma-
tion of the cranial trunk. It was also reported that the last two
ventral branches of synsacral nerves participated in the for-
mation of the caudal trunk (El-Mahdy et al., 2010; Can und
Ozdemir, 2012b); however, one ventral branch of synsacral
nerve participated in the formation of the caudal trunk regard-
ing the pheasant (Istanbullugil et al., 2013). It was also men-
tioned that the middle trunk was formed by only one ventral
branch of synsacral nerve (Can und Ozdemir, 2011; Balkaya
und Ozudogru, 2013).

The ischiatic was reported as the thickest nerve leaving
from the sacral plexus in poultry, and it was originated from
the first four roots of the sacral plexus (Nickel et al., 1977;
Martin et al., 1994; Dursun, 2002; El-Mahdy et al., 2010). It
was stated that the nerve ischiadicus was formed by the union
of the cranial trunk, the middle trunk and the caudal trunk in
the pheasant (Istanbullugil et al., 2013), the white turkey (Is-
tanbullugil, 2008), the chicken (Serbest et al., 1993), the pi-
geon (Balkaya und Ozudogru, 2013), the rock partridge (Can
und Ozdemir, 2012b) and the quail (Can und Ozdemir, 2011).
It was determined firstly in our study that the cranial trunk and
the middle were unified, which then united the caudal trunk
with these roots. The three trunks united medial to the ac-
etabular foramen and formed a compact, cylindrical bundle,
the ischiatic nerve. Removal of the epineural sheath of the
bundle revealed that the plexus breaks up into its branches
within the pelvis. The principal branches of the sacral plexus
were the (1) tibial and (2) fibular nerves that together made
up the ischiatic nerve. Other branches were: (3) the cau-
dal coxal nerve; (4) the caudal femoral cutaneous nerve; (5)
the muscular branches. It was stated that four branches orig-
inated in the quail (Can und Ozdemir, 2011) and the rock
partridge (Can und Ozdemir, 2012b), respectively, from the
sacral plexus cranially to caudally, namely the mutual root of
fibular nerve and tibial nerve, the coxal caudal nerve, the cu-
taneous femoral caudal nerve and the rami musculares, but
in the pigeon (Balkaya und Ozudogru, 2013) firstly the coxal
caudal nerve, the mutual root of fibular nerve and tibial nerve,
the cutaneusfemoral caudal nerve and the rami musculares. It
was also reported that five branches originated in the white
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turkey (Istanbullugil, 2008), the pheasant (Istanbullugil et al.,
2013) namely the mutual root of fibular nerveand tibial nerve,
the coxal caudal nerve, the rami musculares, the cutaneous
femoral caudal nerve and finally the second part of the rami
musculares.

We explored the morphological structure of the lum-
bosacral plexus and its branches in the indigenous duck in
this study. In conclusion, it can be stated that the origin
and branching of lumbosacral plexus of indigenous duck
was conformed to that in other avian species; however, we
found some differences in the nerves forming the lumbosacral
plexus and in their branching. These differences may be
species related or variation in the peripheral nervous system.
This study was the first work on the lumbosacral plexus of
indigenous duck and results may serve as a basis for further
investigation on this topic.
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