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Abstract

The aim of our study was to analyze the anatomy and surgical approach of the rabbit brachial
plexus. The research included 18 rabbits. The rabbit seems to be a good experimental model for spinal
nerves injury, especially for the C5 and C6 segments. The anatomical structure of the rabbit’s brachial
plexus is similar to the human brachial plexus. The structure of the rabbit C5 and C6 segments is
analogous to the human structure. The spinal nerves of the C5 and C6 segments in the rabbit are wide
and long enough for microsurgical procedures.
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Introduction

High peripheral nerve injury despite of the devel-
opment of medicine and ongoing research still re-
mains a serious problem. This type of lesions can be
divided into pre-and postganglionic. The post-gan-
glionic injury can be divided into neurotmesis,
axonotmesis and nerapraxis (Seddon 1943). The neur-
otmesis is injury of the whole nerve’s structure,
axonotmezis is injury of the axon and partial loss of
function without structural changes in the nerve is
neuropraxis. In the two first cases the changes occur
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of degenerative and non degenerative type. A typical
picture of breaking the connection between the nerve
cell and axon is disintegration with axonal dieback on
peripheral parts. This process is called Walerian’s de-
generation. In the case of preganglionic injury
(usually avulsion of the roots of the spinal nerves the
changes came from peripheral nervous system and
spinal cord. This leads to a complete loss of sensory
and motor function (Vekris and Soucacoss 2001).

In the case of damage of the supraclavicular and
infraclavicular area basic methods of treatment in-
clude neurolysis, direct neurorrhaphy (end to end), or
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the use of nerve graft. Neurolysis is used in the case of
compressions of a nerve by surrounding tissues, direct
neurorrhaphy (end to end) is used in cases of approxi-
mation capabilities and potential-free connection of
the cut nerve. In a situation of damage when suture is
impossible the nerve grafts are used. The most com-
monly used sensory nerves are the sural, saphenous,
medial brachial cutaneous medial antebrachial
cuteneus and superficial radial nerves (Bonham and
Greaves 2011). In some cases, the pedunculated nerve
grafts are used. (Vascularized nerve grafts) (Taylor
and Ham 1976). This provides proper blood supply
and environment for the nerve transfer, even in
a scared bed.

The main difficulty caused by the brachial plexus
avulsion is the preganglionic injury (Bonham
and Greaves 2011). These kinds of injuries are not
treatable neither by classical methods such as “end
to end”, nor with the use of autogenous nerve grafts.
In such cases, neurotization or nerve coaptation
surgeries (Brunelli 1980, Viterbo et al. 1992, Lun-
dborg et al. 1994, Millesi and Schmidhammer 2007)
are used. In case of neurotization branches of the ip-
silateral cervical plexus (Brunelli et al. 1980), intercos-
tal nerve (Chuang et al. 1992), phrenic nerve (Gu et
Ma 1996), accessory nerve (Allieu et al. 1984), con-
tralateral C7 (Gu et al. 1992), selective ulnar nerve to
musculocutaneous (Loy et al 1997) and hypoglossal
nerve (Narakas 1984) are used. Efficacy of coaptation
was effective in the case of a coaptation of mus-
culocutaneus nerve with n.ulnaris (Sananpanich 2002,
Liao et al. 2009) and tibial nerve with peroneal nerve
(De Sa et al. 2004). In recent years experimental at-
tempts were made to implant avulsed brachial plexus
elements into the spinal cord. The results are interest-
ing, but this technique has only been used in experi-
mental studies.

Lack of satisfactory results, especially in cases
of preganglionic injury requires the use of chemical
and physical agents which stimulate nerve regener-
ation (Geuna et al. 2006). It has been shown
that local administration of insulin-like growth
factor-I (IGF-I) (Tiangco et al. 2001) or a combina-
tion of nerve growth factor (NGF) and ciliary neurot-
rophic factor (CTF) (McCallister et al. 1998) in-
creases the rate of axonal regeneration and functional
recovery after end-to-side nerve repair. Improvement
of the treatment results is also described after the use
of female hormones, such as estrogen and proges-
terone (Kovacic et al. 2003) The presence of receptors
for estrogens and progesterone on Schwann cells, the
key cell population in nerve regeneration, has been
demonstrated in vitro (Jung-Testas et al. 1996).

Lack of satisfactory results leads to further re-
search on nerve regeneration. The processes of nerve

regeneration still need more accurate explanation.
Therefore, a good experimental model is an important
component of scientific research. The aim of our
study was to analyze the anatomy and surgical ap-
proach of the rabbit brachial plexus and evaluation of
the rabbit as an experimental model for high periph-
eral nerve injury.

Materials and Methods

The experiments were approved by the II Local
Ethics Committee for animal experimentation at the
University of Environmental and Life Sciences in
Wroclaw, permission 54/2012. The study included 18
New Zealand White Rabbits (female), each weighing
approximately 4,5 kg, 5 months of age. The animals
were sedated with medethomidine (Cepetor) in
a dose 150 μg/kg of body weight, butorphanol (Tor-
bugesic) in a dose of 0.2 mg/ kg of body weight, and
ketamine (Bioketan) in a dose of 35 mg/kg body
weight. All medicaments were mixed in one syringe
and administrated intramuscularly in the thigh
muscles. Dissection of the brachial plexus: skin
incisions were made along the ventral edge of the
splenius and rhomboideus muscles, and then turned
downward along the cranial edge of the supraspinatus
muscle (Fig. 1). The skin was retracted to expose the
muscles. The overlying fascia was removed. The
splenius and rhomboideus muscles were exposed by
a retractor. The serratus ventralio muscle was
preparated ventrally and the forelimb was moved
caudally. Thus, in a triangle defined by the three ana-
tomical structures, the brachial plexus was exposed.
(Fig. 2) The fat tissue and connective tissue were re-
moved. The nerves and blood vessels were trimmed,
identified, and photographed (Figs. 3,4). Each nerve’s
root was separated, and the diameter was measured.
The length of suprascapular nerve with cranial trunk
was measured. The individual muscle mass was
recorded.

Results

The brachial plexus of the rabbit is formed by the
rami ventrales of fifth cervical spinal nerve (C5), sixth
cervical spinal nerve (C6), seventh cervical spinal
nerve (C7), eighth cervical spinal nerve (C8) and the
first thoracic spinal nerve (Th1) and the caudal
branch the second thoracic spinal nerve (Th2). The
caudal branch of the C5 and C6 spinal nerves consti-
tutes the cranial trunk. The caudal trunk is formed
by a branch originating from the cranial trunk, the
rami ventrales of the C7, C8 and T1 spinal nerves.
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Table 1. The average muscle mass.

Muscle Supraspinatus Infraspinatus Subscapularis Teres major

The average muscle weight [g] 13.30 11.40 7.40 6.1

Table 2. The nerve area and diameter for particular spinal nerves.

Caudal Caudal
Cranial trunk trunk Suprascaplar Median Ulnar Radial
trunk medial lateral nerve nerve nerve nerve

part part

C5 C6 C7 C8 Th1

Nerve diameter [mm] 0.6 0.8 1.1 1.0 0.6 1.2 1.3 1.6 0.7 0.5 0.4 0.3

Fig. 1. Anatomical landmarks used to locate the left brachial plexus in a rabbit. Skin incisions were made along the ventral edge
of the splenius and rhomboideus muscles, and turned downward along the cranial edge of the supraspinatus muscle: 1 – Splenius
muscle, 2 – Rhomboideus muscle, 3 – Supraspinatus muscle, 4 – Infraspinatus muscle, 5 – Deltoideus muscle, 6 – Teres Major
muscle, 7 – Serratus Ventralis Cervicis muscle, 8 – Omotransversarius muscle, 9 – Cleidocephalicus muscle, 10 – Triceps Brachii
muscle.

The cranial trunk divides into the phrenic nerve and
the suprascapular nerve. The caudal trunk divides into
the cranial pectoral nerve and the axillary nerve. The
suprascapular nerve arises from the C5 and C6 spinal
nerves. The axillary nerve begins from the C7 and
supplies the deltoid muscles. The musculocutaneus
nerve arises from the C6 and C7 and goes to the bi-
ceps and supplies the skin of the forearm. The radial
nerve originates from the C7, C8, Th1 and innervate

the triceps muscle. The median nerve arises from the
C7, C8, Th1 and innervates the muscles of the upper
arm. The ulnar nerve arises from the C8 and Th1 and
supplies the limb below the elbow. The medial
cutaneous nerve goes to the skin of the forearm. In all
animals these anatomical structures were present. The
length of the suprascaplar nerve with cranial trunk
was ranged between 2.1 and 3.8 cm, and the mean
length was 3.5 cm.
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Fig. 2. The macroscopic structure of the rabbit left brachial plexus: 1 – Binding branch from cranial trunk to caudal trunk,
2 – Cranial trunk, 3 – Caudal trunk, 4 – Splenius muscle, 5 – Supraspinatus muscle, 6 – Serratus ventralis muscle.

Discussion

So far, for single experimental studies relating to
high injury of nerves have been performed on rats,
mouses, monkeys, baboons, dogs, cats and porcu-
pines. A multitude of methods demonstrates a lack
of an ideal model.

The anatomy of the brachial plexus is very spe-
cies-specific. The brachial plexus of rat is formed by
contribution of ventral rami of C5, C6, C7, C8, T1 and
T2 spinal nerves (Santos et al. 2007). On the other

hand, in literature it is reported that ramus ventralis
of T2 spinal nerve in rats is not involved (Bertelli et al.
1992). The brachial plexus is formed by ventral rami
of C5, C6, C7, C8 and T1 spinal nerves in mouse
(Bogush 1987), by rami ventrales of C5, C6, C7, C8,
T1 and T2 spinal nerves in Wervet monkey (Booth
1991) and Chacma baboon (Booth 1997). In case of
the dog the brachial plexus is formed by ventral rami
of C6, C7, C8, T1 and T2 spinal nerves (Mahler and
Adogwa 2008). In case of the cat the brachial plexus is
formed by ventral rami of C6, C7, C8 and T1 spinal
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Fig. 3. Muscles of the forelimb and neck: 1 – Splenius
muscle, 2 – Rhomboideus muscle, 3 – Supraspinatus muscle,
4 – Infraspinatus muscle, 5 – Deltoideus muscle, 6 – Teres
Major muscle, 7 – Omotransversarius muscle,
8 – Cleidocephalicus muscle, 9 – Triceps Brachii muscle, 10
– Brachialis muscle.

nerves (Getty 1975). At the end, the brachial plexus of
porcupine is formed by ventral rami of C5, C6, C7,
C8, T1 and T2 spinal nerves (Aydin 2003).

To the surgeon, it is important that the anatomy
of the rabbit brachial plexus is similar to human anat-
omy. In our opinion species-related differences are
not so significant and make the rabbit’s mode useful
for other mammals.

Our results of the evaluation of the anatomy of
the brachial plexus of the rabbit are comparable to the
results presented by Mohiuddin (Mohiuddin et al.
2011). Regularity of the plexus anatomy, easy surgical
approach and animal welfare are also important. The
slight differences between human and rabbit anatomic
structure of the brachial plexus are noticeable. The
rabbit brachial plexus is divided into the caudal and
cranial trunk. The human brachial plexus has three
trunks. Despite the above mentioned differences, we
believe that the rabbit is a good experimental model

Fig. 4. The macroscopic structure of the rabbit left brachial
plexus: C5 – Caudal branch of ramus ventralis of C5,
C6 – Ramus ventralis of C6, C7 – Ramus ventralis of C7,
C8 – Ramus ventralis of C8, T1 – Ramus ventralis of T1,
T2 – Cranial branch of ramus ventralis of T2, 1 – Cranial
trunk, 2 – Caudal trunk, 3 – Binding branch from cranial
trunk to caudal trunk, 4 – Suprascapular Nerve, 5 – Sub-
scapular Nerve, 6 – Axillary Nerve, 7 – Thoracodorsal Nerve,
5 – Musculo-Cutaneous nerve, 8 – Radial nerve, 9 – Median
nerve, 10 – Ulnar nerve.

for nerve root injury, especially for the C5 and C6
segments. The structure of the C5 and C6 segments is
analogous to the human structure. The nomenclature
has some differences, which mainly concerns the in-
ferior part of the brachial plexus. The medial and in-
ferior trunks in human nomenclature correspond with
the caudal trunk in the rabbit.

The anatomic structure of the rabbit brachial
plexus seems to be ideal for studying the C5 segment,
the C6 – cranial trunk, the suprascapular nerve, and
the supraspinatus and infraspinatus muscles. The
nerve roots of the C5 and C6 segments are wide and
long enough for microsurgical procedures. The aver-
age length of the supraspinatus nerve with the cranial
trunk equals 3.5 cm. This size could be convenient
for experienced surgeons. Also giving possibility
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for performing avulsion and incision of the nerve
roots, nerve suture, coaptation side to side, end to
side and procedure with 3 cm nerve’s graft. We have
noticed individual differences in particular animals.
These differences concerned the length of the roots,
the level of the nerves roots connection and the place
of peripheral nerves derivation. All these differences
were not statistically significant and not important for
anatomical reproducibility of the brachial plexus.

The choice of this model is supported by the easy
and clear assessment of nerve and muscle function.
An additional advantage is the simplicity of surgical
techniques. Good knowledge of macrostructure is an
important element in the development of science
(Schaumburg et al. 2010).

Muscle innervation is heterogeneous, due to the
mutual interlacing of individual ventral roots and
their branches in the brachial plexus. The superficial
location of the supraspinatus and infraspinatus
muscles gives the possibility of multiple evaluations by
electromyography in vivo. The simplicity of sample
collection during autopsy is also an important advan-
tage. The anatomy and surgical approach to the rabbit
brachial plexus can be used as an experimental model
of high-level peripheral nervous system injury, es-
pecially for the preganglionic injury and coaptation on
the roots/trunks of the brachial plexus.

Conclusion

The size of the rabbits brachial plexus and the
similarity to the human brachial plexus makes one
a convenient model for brachial plexus research. The
advantage is also the reproducibility of the brachial
plexus anatomy.
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