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ABSTRACT 

The brachial plexus is a complex network of nerves that originates from the ventral rami of C5 through 

T1 nerve roots and provides sensory and motor innervation to the forelimb and pectoral region. There 

has been an increased use of the Greater Cane Rat (GCR) (Thryonomys swinderianus, Temminck) as 

an indigenous research rat model in studying the nervous system. There is, however, a dearth of 

information on the anatomical origin of the brachial plexus of this rodent. In 

this   study, the   brachial   plexus   of   the GCR was investigated using six adult greater cane rats, 

(three males, three females). The brachial plexus primarily originated from the caudal branch of the 

ventral rami of cervical nerve 5 (C5), cervical nerve 6 (C6), cervical nerve 7 (C7), cervical nerve 8 

(C8), and cranial branch of the ventral ramus of first thoracic nerve (T1). The smaller cranial trunk was 

formed by the caudal branch of the ventral rami of C5 and C6, while the larger caudal trunk was formed 

by the ventral rami of C7, C8, and T1. The branch formed by the joining of the ventral rami of C5 and 

C6 gave off the phrenic nerve before participating in the formation of the brachial plexus. This study 

highlighted some of the gross characteristics   of   the   brachial   plexus   of   the GCR, as they 

provide baseline information on their anatomy. The information generated provides a basis for the 

GCR’s use as research models for comparative and translational brachial plexus studies, for 

an increased understanding and management of brachial plexopathies, and to provide a clinical 

reference point in the assessment of the GCR spinal nerves.  
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INTRODUCTION 

Rodents belong to the order Rodentia, the 

largest mammalian order with approximately 

2277 species and 29 families. Typical rodent 

features include two incisors in each jaw; short 

forelimbs for manipulating food, and cheek 

pouches for storing food (Kay and Hoekstra, 

2008; Afanvi et al., 2024). 

The greater cane rat (GCR) (Thryonomys 

swinderianus Temminck, 1827), also known as 

the grasscutter, is one of two species of cane 

rats, belonging to a small family of African 

hystricognath rodents (Thyronomyidae). The 

other existing member species is the lesser cane 

rat (Thryonomys gregorianus) (Mustapha et al., 

2020). Grasscutters are widely distributed 

within Africa’s grassland, including Nigeria, 

being ranked as the second largest African 

rodent, behind the porcupine (Mpagike and 

Makungu, 2023). As obligate herbivores, they 

feed primarily on reeds, roots, shoots and stems 

of grasses using their broad and sharp incisors 

to cut easily through tough plant materials (Van 

Zyl and Delport, 2010). 

There has been an increased drive towards the 

domestication of the GCR (Asibey and Addo, 

2000), leading to increased research efforts to 

broaden the understanding of its biology, and 

explore its economic, and translational benefits 

(Mustapha et al., 2020; Mpagike and Makungu, 

2024). As one of Africa’s emerging research 

models, fields of studies on the biology of the 

GCR include ageing and dentition (Sacramento 

et al. 2012; van der Merwe, 2000); cardio-

pulmonary studies (Ananivi et, al., 2025; Ataba 

et al., 2025a), digestive anatomy and 

physiology (Van Zyl, et al., 2004; Yapi et al., 

2012, Ataba et al., 2025b), craniofacial and 

neuroanatomy (Elston and Manger, 2014; 

Olude et al., 2014; Mustapha et al., 2015; 

Samuel et al., 2015; Igado et al., 2016; Ibe et 

al., 2017; Ibe et al., 2020; Samuel et al., 2020; 

Mustapha et al., 2021; Afanvi et al., 2024); 

musculoskeletal studies (Onwuama et al., 

2018; Mpaige and Makungu, 2023; 2024), and 

urogenital studies (Adebayo et al., 2009; 

Olukole, 2009; Olukole and Obayemi, 2010; 

Omirinde et al., 2019). 

The brachial plexus (BP) is a complex neural 

structure that transmits sensory, motor, and 

autonomic impulses between the spinal cord 

and the forelimbs (Vazquez Do Campo, 2025). 

In vertebrates, it is usually formed by a varying 

pattern of anastomosis between the ventral 

branches of the last three to four cervical spinal 

nerves (C4-C8), and the first two thoracic 

spinal nerves (T1 and T2), and appears as a 

thick white band between the two parts of the 

scalenus, covered by the cranial deep pectoral, 

and the subscapular muscles, respectively 

(Dyce et al, 2018; Ibe et al., 2020). Their fibres 
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run across short distances and terminal 

branches (peripheral nerves) provide sensory 

and motor innervation to the scapular, pectoral, 

and thoracodorsal regions and the thoracic 

limb, while some are distributed to the lateral 

thoracic wall, and abdomen of animals (Dyce et 

al, 2018; Jacobs et al., 2025). Although there 

are species variations in the origin of the 

brachial plexus, the spinal nerves generally 

arise from the spinal cord and exit through the 

intervertebral foramina, dividing into dorsal 

and ventral rami (Ibe et al., 2024). The 

knowledge of the origin, route, and destination 

of the plexus components is regarded as an 

important aspect of clinical practice and 

surgery, as the information provided can 

correlate each nerve to the innervated end-

organ, allowing a precise investigation of the 

neurological damage (Martinez-Pereira and 

Zancan, 2015)  

Over the years, several authors have 

investigated the anatomical origin of the 

brachial plexus in different rodent species, 

including the African giant rat (Ibe et al., 2020; 

Maidawa et al., 2021), African palm squirrel 

(Ibe et al., 2024), capybara (Fioretto et al., 

2003), chinchilla (Cervik-Demirkan et al., 

2007; Gamba et al., 2007), Djungarian hamster 

(Grzeczka and Zdun, 2022), guinea pig 

(Grzeczka and Zdun, 2025), mole rat (Aydin 

and Karan, 2012), porcupine (Aydin, 2003; 

Estruc et al., 2024), red squirrel (Aydin, 2011), 

Sprague Dawley rat (Jacobs et al., 2025), and 

the Wistar rat (Uzun et al., 2001; Özbağ  et al., 

2009; Angélica-Almeida et al., 2013). There 

however appears to be no available information 

on its origin in the GCR. Information obtained 

from this study will serve as a baseline for 

comparative brachial plexus studies, for 

an increased understanding of the management 

of brachial plexus injuries and diseases, serve 

as a guide for local and regional anesthetic 

techniques, and provide a clinical reference 

point in the assessment of the GCR spinal 

nerves.  

MATERIALS AND METHODS 

All experimental protocols conformed to the 

ethics and guidelines on health guide, for the 

care and use of animals in experiments in the 

Federal University of Agriculture Abeokuta, 

Ogun State, Nigeria. 

Experimental Animals  

Six adult GCRs (3 males 1.70 ± 0.08kg and 3 

females 2.40 ± 0.13kg), from a previous study, 

were used for this research. They were sourced 

from Pavemgo farms (Ibereko, Badagry, Lagos 

state, Nigeria). The GCRs were ascertained to 

be free of deformities or abnormalities, and 

subsequently transported in metal cages to the 

animal care unit, Department of Veterinary 

https://link.springer.com/article/10.1007/s11259-021-09877-1#ref-CR14
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Anatomy, Federal University of Agriculture, 

Abeokuta, Ogun state, Nigeria.  

Methods 

On arrival, they were stabilized for 48 hours in 

holding metal cages designed with dark and 

light compartments to regulate their sleep and 

wake cycles. The animals were subsequently 

anaesthetized using gaseous chloroform 

(Sigma-Aldrich®, Germany), in a closed gas 

chamber. A ventral midline incision was made 

cranio-caudally on the thorax to open up the 

thoracic cavity so as to expose the heart, and a 

scalp vein needle was inserted into the left 

ventricle while a slit was made on the right 

atrium to allow the drainage of blood out of 

circulation. 0.9% Normal saline was used until 

the fluid coming out of the right atrium was 

clear and then 4% buffered formalin was used 

until signs of perfusion were noticed such as: 

paleness of the liver, fluid coming out of the 

natural orifices (nostrils) and rigor mortis. After 

perfusion, the animals were post-fixed in 10% 

formalin for 42 days. 

To document the anatomical origin of the 

brachial plexus, the animals were placed on 

dorsal recumbency, with the forelimbs 

abducted and pinned, and bilateral incisions 

were made near and parallel to the sternum. The 

forelimbs were laterally exposed to the ribs. 

The ribs were disarticulated, and the sternum 

was removed to eviscerate the contents of the 

thoracic cavity. Thereafter, the skin, adipose 

tissues and underlying muscles (cutaneous 

trunci and pectoral) of both forelimbs were 

carefully dissected, using tissue forceps, rat-

toothed forceps, a pair of scissors and scalpel 

holder with a blade, to expose the axillary 

spaces. Next, the muscles close to the 

intervertebral foramina (cranial scalene and 

cleidomastoid) were dissected to allow 

visualization of the cervical and thoracic nerves 

The organization of the main branches of the 

brachial plexus of the forelimbs of adult GCRs 

were examined to describe the roots of the 

nerves of the brachial plexus, to document the 

presence or absence of sexual dimorphism and 

any distinguishing comparative feature(s) of 

the GCR brachial plexus with other rodents in 

literature. Pictures were taken with a digital 

camera. The information obtained was 

compared with available data on other rodents.  

RESULT  

In all the GCRs examined, the brachial plexus 

was observed to arise from the union of the last 

four cervical roots (C5, C6, C7 and C8) and the 

first thoracic root (T1) of the spinal cord. These 

roots were formed by the union of the dorsal 

sensory and ventral motor roots. Each root was 

formed by the union of 2 dorsal and ventral 

rootlets. The union of the C5 and C6 roots 
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formed the smaller cranial trunk, while C7, C8 

and T1 formed the larger caudal trunk (Plate 1). 

These observations were bilaterally 

symmetrical, and no variations were observed 

in all the experimental animals. The branch 

formed by the joining of the ventral rami of C5 

and C6 gave off the phrenic nerve before 

participating in the formation of the brachial 

plexus. 

 

Plate 1: Dissection of the right axillary region of the greater cane rat showing the cranial trunk (C5–

C6) and caudal trunk (C7–T1) of the brachial plexus. 
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DISCUSSION 

The present study described the contribution of 

the spinal nerves in the brachial plexus of the 

GCR. The result confirmed that the ventral 

branches of the C5 to T1 spinal nerves 

contributed to the formation of the GCR 

brachial plexus, which is typical of rodents 

(Bertelli et al., 1992, Uzun et al., 2001; Özbağ 

et al., 2009; Aydin and Karan, 2012; Ibe et al., 

2020, Maidawa et al., 2020; Ibe et al., 2024; 

Grzeczka and Zdun, 2025). This observation 

(C5 to T1 spinal nerve roots) was however 

different from what was reported by Chiasson 

(1980) and Aydin (2003) who reported that the 

brachial plexus of laboratory rats and crested 

porcupine (Hystrix cristata) arose from the 

anastomosis of the ventral roots of C5 to T2 

spinal nerves, respectively. Our observation 

was also different from those of Angélica-

Almeida et al. (2013) and Grzeczka and Zdun 

(2022), who reported that the ventral branches 

of C4 to T2 spinal nerves contributed to the 

formation of the brachial plexus in the Wistar 

rats and the Djungarian hamster, respectively. 

Fioretto et al. (2003) observed that the brachial 

plexus of the capybara (Hydrochaeris 

hidrochaeris) was composed of nerve branches 

C4 to T1. The contribution of the ventral branch 

of T2 was also reported by Çervik-Demirkan et 

al. (2007) in the chinchilla, Estruc et al. (2024) 

in the orange-spine hairy dwarf porcupine, and 

by Grzeczka and Zdun (2025), in guinea pigs 

(Cavia porcellus). Aydin (2011) reported that 

the ventral ramus of T1 made no contribution 

to the formation of the brachial plexus in the red 

squirrel (Sciurus vulgaris), leaving it with only 

branches from C5 to C8.  

According to Souza-Junior et al. (2018), 

plexuses that are composed of at least five 

spinal nerve segments reflect a versatile 

thoracic limb function that can be used for 

digging and excavation, climbing, running, 

swimming, and food manipulation. In rodents, 

spinal root variations in the brachial plexus 

primarily impact biomechanical adaptation, 

locomotor profiling, and the structural 

reliability of translational biomedical research. 

While the baseline anatomy of the rodent 

brachial plexus is typically formed by the 

ventral rami of C5 to T1 (similar to humans), 

prefixation (incorporating C4) or postfixation 

(incorporating T2) occur naturally and often 

alter the composition and thickness of resultant 

peripheral nerves. Spinal root variations (C4 to 

T1) in rodents, particularly involving a prefixed 

plexus, reflect adaptations for enhanced 

forelimb function and digging habits. These 

anatomical variations influence nerve calibre, 

fascicle sizes, and branching angles, which 

directly affect biomechanical metrics such as 

limb dexterity and grip strength. (Aydin and 
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Karan, 2012; Souza-Junior et al., 2018; Ibe et 

al., 2020). 

Typically, the brachial plexus of rodents is 

divided into three trunks: the cranial (upper), 

medial (middle) and caudal (lower) trunks 

(Bertelli et al., 1992). From this study, it was 

noted that the GCR brachial plexus emerged 

from 2 trunks (cranial and caudal), with the 

anastomoses of C5 and C6 giving rise to the 

cranial trunk, and C7, C8 and T1 giving rise to 

the caudal trunk. This finding was similar to 

reports on the porcupine (Aydin, 2003) and red 

squirrel (Aydin, 2011). It was however 

different from reports on other rodents 

including the African palm squirrel (Ibe et al., 

2024), Djungarian hamster (Grzeczka and 

Zdun, 2022), guinea pig (Grzeczka and Zdun, 

2025), laboratory rat (Bertelli et al., 1992), 

orange-spine hairy dwarf porcupine (Estruc et 

al., 2024), Sprague Dawley rat (Jacobs et al., 

2025), and the Wistar rat (Özbağ et al., 2009), 

which all had 3 trunks. The cranial trunk 

originated from C5 and C6, the middle trunk, 

from C7, and the caudal trunk, from C8 and T1, 

respectively. The chinchilla (Cevik-Demirkan, 

2007; Gamba et al., 2007) and the mole rat 

(Aydin and Karan, 2012) were reported to have 

only a single trunk. 

Anatomical variations in the formation of the 

trunks of the brachial plexus is reported to be 

common. These variations are due to abnormal 

formation in the development of the trunks, and 

divisions or cords, and can be explained 

through neuronal growth cones. Thus, any 

alterations in the signaling between neuronal 

growth cones and the mesenchymal cells, or the 

circulatory factors at the time of brachial plexus 

development may result in significant 

variations (Padur et al., 2016). The variation in 

anatomical origins of the brachial plexus results 

in variations in the origins of major brachial 

nerves, which could further complicate the 

development of translational therapeutic 

interventions for brachial plexus injuries 

(Jacobs et al., 2025). Therefore, the knowledge 

of variations in the brachial plexus anatomy is 

crucial in the diagnosis of brachial plexopathies 

and optimization of surgical interventions 

involving the nerve repair surgery, grafts and 

regional anaesthesia in the forelimb (Fazan et 

al., 2003; Aragão et al., 2014; Han et al., 2024).  

Since the brachial plexus acts as a force 

distributor to dissipate stresses that arise from 

pulling, a two-trunk configuration may alter 

this biomechanical force distribution, 

potentially making specific nerves more 

vulnerable to traction injuries. It may also 

significantly increase the possibility of failure 

to achieve a successful regional anaesthesia of 

the forelimb for surgery. The knowledge of 

trunk variations and anatomical origins of each 
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spinal nerve is pivotal for correct nerve 

location, which aids in achieving a successful 

regional anaesthesia nerve block, especially 

when a localized desensitization of the thoracic 

limb is required. It is also pivotal in reducing 

the incidence of local block-associated 

complications (Singla et al., 2013; Lambertini 

et al., 2023). 

Inter-species variations in the brachial plexus 

formation are influenced by embryological 

development and the mechanical constraints of 

the musculoskeletal system. The different 

formation, position, and distribution of the 

brachial plexus nerves is thought to be 

associated with the interaction between 

muscles and nerves, to achieve movement. 

These structural differences fine-tune motor 

coordination, ensuring precise neuromuscular 

control over complex shoulder, thoracic, and 

limb-flexion movements required by an 

animal's specific ecological niche (Özbağ et al., 

2009; Martinez-Pereira and Zancan, 2015; 

Leijnse et al., 2020). As with other rodents, 

sexually-dimorphic variations were not 

observed in the anatomical origin of the GCR 

brachial plexus, suggesting that coordination of 

forelimb movements is similar in both sexes.  

The GCR brachial plexus, like other rodents, 

appears to share some anatomical similarities 

with humans. Both species possess well-

developed clavicles, with identical number of 

the spinal nerves giving rise to the brachial 

plexus. However, only two trunks were 

observed in the GCR brachial plexus, compared 

to the three trunks reported in humans (Jacobs 

et al., 2025). The similarities in the blood and 

nerve supply to the thoracic limb between 

humans and rodents, may make the GCR 

brachial plexus a good translational model in 

studies involving brachial plexus injuries, and 

surgical interventions (Santos et al., 2007) 

CONCLUSION 

Experimental models for the study of brachial 

plexus injuries are a useful tool to understand 

the plexopathies. This study establishes the 

anatomical origin and trunk organization of the 

brachial plexus in the greater cane rat and 

provides baseline neuroanatomical data 

relevant for comparative anatomy, brachial 

plexopathies and peripheral nerve research, and 

translational studies. It also provides a clinical 

reference point in the assessment of the GCR 

spinal nerves.  

Limitation of the study 

This study had a few limitations. First, the 

animals used were fixed in formalin and not 

fresh, causing degradation in tissue quality. 

Owing to the fact that only 6 animals were used 

for the study, the sample size may not have 

given room for observation of variations that 
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may have been identified if a larger sample size 

was used.  
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