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Abstract 
The African lion (Panthera leo) is the largest carnivore. Despite being the best studied mammalian 
species in African ecosystem, there still exist a dearth of information on the morphology of its skeletal 
components, which is vital for diagnoses of bone diseases and archeological study. To this end, this study 
was aimed at documenting the morphological features and number of the bones making up its axial 
skeleton. It was conducted using two (2) lions that were obtained at different times after post mortem 
examinations of their carcasses at the Department of Veterinary Pathology, University of Ilorin, Nigeria. 
Bone preparation was achieved via cold water maceration after proper defleshing. The Skull presented an 
elongated structure consisting of flat paired and unpaired cranial and facial bones accompanied with 
processes and foramina. The orbital margin was incomplete as the supraorbital foramen was absent with 
prominent orbital processes of the frontal and malar bone. The paired nasal bones formed the straight 
dorsum of the nasal cavity entirely such that it articulated ventro-cranially and ventro-caudally with the 
premaxilla and maxilla respectively. The Vertebral segments with a formula C7 T13 L7 S3 C20-21, 
presented a butterfly shaped wing of Atlas with a small foramen associated with the transverse foramen; 
cranially directed transverse process of the lumbar with the 7th making a 90-degree curve; semi fused 
transverse process and unfused spinous processes of the sacrum. The average total number of bones 
making up the axial skeleton was accounted to be 85. In conclusion, this study has provided a baseline 
data for further biological, archaeological and comparative anatomical studies. 
 
Keywords: African Lion, atlas, bone, gross anatomy, skeleton 
 
1. Introduction  
The African lion (Panthera leo) is a representative of the family Felidae of the order Carnivora 
and suborder Feliformia [1]. It is closely related to the leopard, tiger and jaguar which are 
members of the same genus Panthera [2]. It is the largest carnivore and best studied mammalian 
species in African ecosystem [3, 4, 5] having been in existence for almost 3 million years in 
Laetoli, Tanzania [6]. 
The African Lion (Panthera leo) has cultural significance in entertainment; national flag 
symbols and literatures because of its recognition in Human culture [7, 8]. Lions have been kept 
in exhibition since the time of the Roman Empire and have been kept in zoos worldwide since 
the late 18th century [9].  
Its characteristics, significance and behaviour further increases its interests in scientific 
investigations with anatomy not excluded; which exposes adaptive features of this species. To 
this end, this study on the axial skeleton was conducted to investigate other specific gross 
features and number of bones making up this region of the animal skeleton. It also serves to 
enhance better understanding of its features when comparing with other species of felidae. 
 
2. Materials and Methods 
Two adult African lions (Panthera leo) weighing 173kg and 112kg were obtained as post-
mortem carcasses at different periods from the Department of Veterinary Pathology, 
University of Ilorin and transported to the Department of Veterinary Anatomy gross 
laboratory, University of Ilorin, Nigeria for bone preparation as museum specimens. They 
were carefully de-fleshed using sharp knife and scalpel blade to remove the skin and tease out  
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muscle leaving the bones with minimal soft tissue attachment 

before being transferred to a large container of cold water at 

room temperature enough to submerge the bones. The 

container was then covered airtight and placed under shade 

throughout the period of maceration with a change of water 

regularly. After completion, the water was drained, the bones 

recovered and sun dried. Photographs of bones recovered 

were taken individually. They were also articulated using glue 

while noting the bones that constituted each segment of the 

vertebral column. The procurement of specimen carcass and 

experiments conformed to the European Convention for the 

protection of Vertebrate animals used for scientific purposes 

(Council of Europe No. 123, Strasbourg 1985). The 

experimental protocols described were approved by the Ethics 

review committee for Animal experimentation of University 

of Ilorin, Ilorin, Nigeria. 

 

3. Results 

The axial skeleton comprised the skull (made up of small flat 

paired and unpaired bones joined together) and the vertebral 

column (Cervical vertebrae, Thoracic vertebrae, lumbar 

vertebrae, sacral vertebrae and caudal vertebrae) which gave a 

formula of C7 T13 L7 S3 C20-21. They exhibited general and 

peculiar features similar to and different from other domestic 

animals studied. The average number of bones of the axial 

skeleton was established to be an average of 85. 

 
Table 1: Number of bones of the Axial Skeleton of the Lion 

(Panthero leo) 
 

Bones Number 

Skull 1 

Mandible 1 

Sternum 6 

Ribs 26 (13 pairs) 

Cervical vertebra 7 

Thoracic vertebra 13 

Lumbar vertebra 7 

Sacral vertebra 3 

Caudal vertebra 20-22 

Total average: 84 – 86 (av. 85) 

 

3.1 The Skull 

The Skull comprised of flat bones joined together by sutures. 

It presented an elongated structure consisting of cranial and 

facial bones (fig. 3). Dorsocaudally, it presented an occipital 

bone that continued cranially with the parietal bones. It 

formed a crest medially that eventually ends as a spine (fig. 

1). The crest of the parietals extended caudally to join that of 

the occipital forming the external occipital protuberance (fig. 

1). There was no obvious suture separating the occipital from 

parietal bone. The occipital bone extended on the caudal 

surface to present squamous and lateral parts. The squamous 

part bounded the large foramen magnum dorsally presenting a 

medial crest (that terminated 3c.m above the foramen 

magnum) and a lateral crest that continued with the temporal 

bone. Each lateral side presented a condyle and a paramastoid 

process (attaching cranioventrally with tympanic bulla). 

These two components were separated by a wide, shallow 

condyloid fossa and placed lateral to the foramen magnum. 

The parietal bone articulated rostrally with the frontal bone 

(via the parietofrontal suture) which presented a somewhat 

butterfly shape. The frontal bone presented dorsolaterally the 

zygomatic processs of the frontal bone. It articulated rostrally 

with the nasal, maxilla and lacrimal bones on either side. The 

nasal bones joined by the internasal suture formed the roof of 

the nasal cavity and articulated laterally with the maxilla and 

rostroventrally with the premaxilla which extended rostrally 

to house the incisors in its ventral alveoli. 

 

 
 

Fig 1: Lion Skull, caudal view. 1, Parietal; 2, External occipital 

protuberance; 3, Median crest; 4, squamous occipital; 5, Foramen 

magnum; 6, Lateral crest; 7, Occipital condyle; 8, Condyloid fossa; 

9, Paramastoid process; 10, Zygomatic process of temporal. 

 

 
 

Fig 2: Lion Skull, cranial view. 1, Nasal; 2, dorsal turbinate; 3, 

Ventral turbinate; 4, Nasal septum; 5, Vomer; 6, Maxilla; 7, 

Premaxilla; 8, Incissors; 9, Canine tooth. 
 

The maxilla occupied the rostro-lateral aspect of the skull. Its 

dorsal border met with the nasal bones, the caudal border met 

with the lacrimal and malar bones while its ventral border 

presented alveoli for housing the canine, premolar and molar 

teeth of the upper jaw. Close to its caudal border, the maxilla 

presented a large infraorbital foramen. The lacrimal bone 

presented a small triangular process and a lacrimal foramen 

on its orbital surface. Cranially, the nasal cavity presented 

perforated bony structure known as turbinate bone or nasal 

concha laterally with the perpendicular plate of ethmoid seen 

dividing the cavity into two equal halves. The floor of the 

cavity was occupied by the vomer medially and palatine bone 

laterally.  

On the lateral view, the malar bone articulated with the 

maxilla rostrally. It extended caudo dorsally and caudo 

ventrally to form the frontal and temporal processes 

respectively. The frontal process forms an incomplete orbital 

margin while the temporal process meets with the zygomatic 

process of the temporal bone to form the Zygomatic arch. The 

squamous part of the temporal bone articulated with the 
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ventral border of the parietal, continued the occipital crest to 

form the mastoid process before detaching laterally its 

zygomatic process. On close examination of the orbital wall 

cranial to the squamous temporal, the following foramina 

were observed on the orbital wing of sphenoid namely: 

ethmoid foramen (dorsal), optic foramen (middle), and orbital 

foramen (ventral). On the perpendicular part of the palatine 

were the large and caudal sphenopalatine foramen, the caudal 

palatine foramen and more rostral maxillary foramen. 

Ventrally, the skull presented at its cranial part the basilar part 

of the occipital bone which continued medially with the 

basisphenoid and presphenoid. The petrous part of the 

temporal bone lodged laterally having a large tympanic bulla, 

small muscular process with no visible styloid process. 

Between the bulla and the basisphenoid cranially were two 

foramina the small hypoglossal foramen and large jugular 

foramen. The external acoustic meatus and foramen lacerum 

were located lateral and ventral to the tympanic bulla 

respectively. Lateral to the basisphenoid presented the alar 

foramen. The pterygoid bone anchored ventrally from the 

wing of sphenoid to end in a process and a hamulus. Rostral 

to the presphenoid, the vomer projected into the nasal cavity 

while the palatine (horizontal part) having the palatine 

foramen greatly reduced the size of the posterior choarnae. 

The palatine process of the maxilla extended rostrally from 

the palatine to the incisors while creating an opening, the 

palatine fissure. 

The Mandible (Fig. 5) presented a mandibular symphysis 

rostro-medially that joins each mandibular half forming the 

body of the mandible that anchored the lower canine and 

incisor teeth. It also presented the horizontal ramus which 

anchored the premolar and molar dorsally with the mental 

foramen visible laterally. The vertical ramus formed a deep 

masseteric fossa laterally and continued caudally to form the 

coronoid process dorsally, the mandibular condyle at the 

middle and the angular process ventrally. Rostral to the 

middle of the mandibular condyle and angular process on the 

medial aspect presented the mandibular foramen. 

 
 

Fig 3: Lion Skull, lateral view. 1, Occipital; 2, Parietal; 3, Temporal; 

4, Mastoid process; 5, Zygomatic process of temporal; 6, Temporal 

process of malar; 7, Orbital process of malar; 8, Orbital process of 

Frontal; 9, Pterygoid; 10, Facial crest; 11, Lacrimal foramen; 12, 

Nasal bone; 13, Maxilla; 14, Molars; 15, Premaxilla; 16, Canine. 

 

 
 

Fig 4: Lion skull, ventral view. 1, Occipital condyle; 1a, Basilar part 

of occipital; 2, Hypoglossal foramen; 3, Basisphenoid; 4, 

Paramastoid process; 5, Mastoid process; 6, Mastoid foramen; 7, 

Tympanic bulla; 8, Retroarticular process; 9, Articular surface for 

mandible; 10, Hamulus of Pterygoid; 11, Alar foramen; 12, 

Presphenoid; 13, Palatine; 14, Palatine process of Maxilla; 15, 16, 

Molars; 17, Premolar; 18, Canine; 19, Palatine fissure; 20, Incissors. 

 

  
 

Fig 5: Lion mandible (dorsal and lateral views) 1, Incissors; 3, Mandibular symphysis; 4, Interalveolar space; 4a, Body; 5, Premolar; 6, Molar; 

7, Horizontal ramus; 8, coronoid process; 9, Condyloid process; 10, Mental foramen; 11, Deep Masseteric fossa; 12, Angular process. 

 

3.2 The Vetebral Column 

The Vertebral column consisted of 7 cervical vertebrae, 13 

thoracic vertebrae, 7 lumbar vertebrae, 3 sacral vertebrae and 

20-21 caudal vertebrae. 

The Typical cervical vertebrae (3rd -7th) presented a body and 

an arch which enclosed a vertebral foramen. Emerging from 

the arch were the spinous process dorsally, the transverse 

processes laterally, the articular processes with the facet 

cranially and caudally. On the transverse process, close to the 

body presented transverse foramen. The 4th to 6th cervical 

vertebrae had in addition to the above features a ventral 

process while the 7th cervical had no transverse foramen. 

The Atlas presented a modified transverse process, the 

butterfly shaped wings which formed a depression (the 
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Atlanta fossa) and housed the transverse foramen on its 

ventral view. A small foramen was also seen associated with 

the transverse foramen which led to a canal that opened on the 

caudal border of the wings. The alar notch and lateral 

vertebral foramen were seen on the dorsal surface. 

The Axis presented an odontoid process that projected 

cranially from the body medial to the cranial articular facets. 

Its prominent feature was the large spinous process with a 

crest that hangs (but not completely) over the odontoid 

process. 
 

 
 

Fig 6: Lion Cervical vertebrae, Dorsolateral view. A-G, First to Seventh cervical vertebrae; 1, Wing of Atlas; 2, Spinous process; 3, Transverse 

process; 4, Ventral plates; 6, Transverse process; 8, Caudal articular process; 9, Cranial articular process. 

 

 
 

Fig 7: Lion Atlas, Ventral view. 1, Cranial articular facet; 2, Small 

foramen; 3, Transverse foramen; 4, Wing; 5, Atlanta fossa; 6, 

Ventral arch; 7. Caudal articular facet. 

 

 
 

Fig 8: Lion Axis, Lateral view. 1, Spinous process; 2, Caudal 

articular facet; 3, Odontoid process; 4, Cranial articular facet; 5, 

Transverse foramen; 6, Caudal articular facet; 7, Transverse process. 

 

The Thoracic vertebrae presented a prominent long spinous 

process that reduced in length caudally and inclined obliquely 

from the 7th. It also presented short transverse processes that 

lacked transverse foramina. The bodies of each vertebra 

presented coastal facets cranially and caudally for articulation 

with the head of rib. The transverse processes of the 1st to 11th 

presented coastal facets on their lateral borders for articulation 

with the tubercle of the ribs. The 13th thoracic vertebrae 

presented a mammillary process on the cranial articular 

process, the shortest spinous process and lacked a caudal 

coastal facet. The lumbar vertebrae presented prominently, 

long transverse processes that increased and curved cranially 

from the 2nd to the 7th. The 7th lumber’s transverse process 

specifically made a 90° curve while that of the 1st didn’t curve 

at all. Accessory process was seen lateral to the caudal 

articular processes of the 1st to 4th but was rudimentary on the 

5th to 7th lumber vertebrae. 

The sacrum presented 3 fused bones. The first one presented 

cranial articular processes (with facets for articulation with 

the 7th lumbar vertebra) and wings laterally (with an auricular 

surface for articulation with the pelvis). The transverse 

process of the second and third were fused but 

distinguishable. While the second was broad with a convex 

lateral border, that of the third was slender and curved 

backwards. Only 2 dorsal and ventral sacral foramina were 

visible on each side. Despite the fusion, the spinous processes 

were easily identified and not fused. 

 

 
 

Fig 9: Lion thoracic vertebrae (Lateral view). 1, Spinous process; 2, 

Transverse coastal facet; 3, cranial costal facet; 4, Mammillary 

process; 5, Intervertebral foramen; 6, Body 
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Fig 10: Lion Lumbar vertebrae (Dorsal view). A-G, 1st to 7th lumbar vertebrae; 1, Spinous process; 2, Cranial articular process; 3, Caudal 

articular process; 4, Accessory process; 5, Transverse process. 

 

  
 

Fig 11: Lion sacrum. A-C, Sacral vertebrae; 1, Spinous process; 2, Cranial articular process with facet; 3, Auricular surface; 4, Wing of sacrum; 

5a, 5b, Transverse process; 6, Dorsal and ventral sacral foramen 

 

The caudal vertebrae presented three different parts of varying 

shapes and sizes craniocaudally. The spinous process was 

absent in all the caudal vertebrae. Transverse, cranial and 

caudal articular processes were present in the cranial parts, 

rudimentary in the middle (forming haemal arches) and absent 

in the caudal parts of the vertebrae.  

 

3.3 The Thorax 

The ribs formed the skeleton of the lateral thoracic wall; 

which presented a dorsal bony and ventral cartilaginous part; 

the costal cartilage. The proximal extremity of each rib 

presented a head, neck, and a tubercle which articulated with 

the corresponding thoracic vertebrae. The body curved 

downwards forming an angle with a small depression along 

the curved surface called costal groove. On its medial surface 

the costal cartilage articulated with the sternum. The distal 

end of the body articulated with the costal cartilage forming 

the costochondral junction. 

The sternum presented a somewhat fused structure with bones 

separated by cartilage. The bones known as sternebrae were 7 

in number. The 1st sternebra presented a triangular shaped 

pointed cranial end with a straight caudal part looking like the 

2nd to 6th. The 7th was rod shaped ending with a xyphoid 

process. 
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Fig 2.7 Lion caudal vertebrae (dorsal views of cranial, middle and caudal parts). 1, Cranial articular process; 2, Caudal articular 

process; 3, transverse process; 1, rudimentary transverse process; 2, rudimentary cranial articular processes. 

 

4. Discussion 

The elongated structure of the skull with flat paired and 

unpaired cranial and facial bones adopts similar presentation 

to most animals especially the cat and dog. However, salient 

differences were observed. The paired nasal bones formed the 

straight dorsum of the nasal cavity entirely such that it 

articulated ventro-cranially and ventro-caudally with the 

premaxilla and maxilla respectively. This is similar to the cat 
[10] with its nasal bone curving dorso-craniad. The dog’s nasal 

bone articulates laterally with the premaxilla and maxilla [11]. 

The prominent median crest of the occipital bone and its 

termination about 3cm above the foramen magnum presents 

another significant difference when compared to the dog and 

cat [12] The incomplete margin of the orbit and absence of 

supraorbital foramen were similar to that of the cat, dog and 

pig though the supraorbital groove is present in the pig [13].  

The Vertebral formula C7 T13 L7 S3 C20-21 was typical of 

the feline and canine family only with the exception of the 

caudal vertebrae which is variable in number [14]. The Atlas 

with its butterfly shaped wings presented similar structure to 

that seen in the dog and cat with the exception of small 

foramen associated with the transverse foramen. The spinous 

process of its axis does not project completely over the 

odontoid process as seen in the dog [15]. The arrangement of 

the thoracic vertebrae such that the spinous processes reduce 

in height from the 2nd to 13th gives the saddle-like structure of 

the lion’s dorsum. The cranially directed orientation of the 

lumbar vertebra’s transverse processes was seen to be similar 

to the cat and dog while in other species like the Ox, horse 

and pig, they were placed horizontally [13]. The 90-degree 

angle curve of the 7th was only similar to the cat [10]. Though 

the number of fused bones of the sacrum are similar to the cat 

and dog, its semi fused but distinguishable transverse 

processes and non-fused distinct spinous processes were 

perculiar features different from that of the dog which 

presents completely fused processes [14]. The presentations of 

the caudal vertebra, thorax and sternum was similar to that of 

the cat and dog [15].  

 

5. Conclusion 

This study presented the numerical and morphological 

information on bones of the Lion’s axial skeleton highlighting 

specific features, similarities and differences from other feline 

and canine species.  
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