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Dr. Khalid -----------------------------Anatomy ,1st stage - ------------------------------------


Osteology: it is the science deals with the study of skeleton (bones and cartilages) which supports and protects the soft tissue.
Functions of bones
1-Formation of skeleton.     2- Lever for muscles.    3-Protection of viscera (skull).    4-Blood cells formation (bone marrow).              4-Ca++ & PO4- - reservoir for ions

Bones of the thoracic limb, includes:
1. Scapula.
2. Humerus.
3. Radius and ulna.
4. Carpal bones.
5. Metacarpal bones.
6. Phalanges.
7. Number of sesamoid bones.
Bones of the pelvic limb, includes:
1. Os coxae.
2. Femur and Patella.
3. Tibia and fibula.
4. Tarsal bones.
5. Metatarsal bones.
6. Phalanges.
7. Number of sesamoid bones.
The skeleton: The skeleton consists of the framework of hard structures which protect and support the soft tissues. These include bones, cartilages and ligaments. The skeleton can be divided into cranial (head) and post-cranial parts. 

The post-cranial parts can be divided into three parts:

1-Axial skeleton —vertebral column, ribs, & sternum

2-Appendicular skeleton the bones of the limbs including the pelvic and thoracic limb.

3-Heterotopic bones or splanchnic or visceral skeleton consists of bones which development in the soft tissue like — os penis [carnivore; rodent] os cardis [cattle] Os phrenic in camel.Os nostra in the nostral of pig.
Structure of bone: Bone is alive substances have blood vessels, lymph vessels, and nerves. It can be affected by disease and heal when it fractured, it become thinner and weaker from the disease and increase in it weight to support the hypertrophy, bone have 1-Organic matter includes: Includes bone cells, collagen fibers and matrix or intercellular substance. Fibrous proteins like collagen, called  ossein (when boiled yield gelatin)  and chondroitin sulphate contribute to flexibility of bone
2-Inorganic mineral or salts present in bone: Calcium Phosphate, Calcium Carbonate, Magnesium Phosphate, Sodium Carbonate and Sodium Fluoride etc. Inorganic salts give the bone rigidity and make them opaque to the X-ray.           

The structure of bone can be study when the taking longitudinal or transverse section; grossly:  shows that there are two forms of bone tissue: cortical (compact) bone and cancellous (trabecular) or spongy bone. Both forms have the same matrix composition and structure, but cortical bone forms approximately 80 % mature skeleton and surrounds the marrow and the cancellous bone plates. 

1-Compact substance: this is dense, white, and hard and forms the outer shell of   bone. It is the thicker in the long bone near the middle part of the shaft and thin in the extremities .Found aggregated in portions where more strain on bone.  Haversian system is present in compact bone

2- Spongy substance: Made up of delicate, intercrossing plates, running in various directions, which form a meshwork with spaces containing marrow. It forms the bulk of the short bones and the extremities of the long bones (epiphysis) and is always covered by a layer of compact bone. Haversian system is absent.
Composition of bone:  it consists of four layers: 

1- Periosteum: A membrane cover the outer surface of the bone except where its cover with cartilage, it consists of two layers:

A- Outer protective - fibrous layer                  B- inner layer—osteogenic potency 

2-Osseous tissue
3-Endosteum: a thin fibrous membrane which lined the medullary cavity.

4-Marrow: this occupied the space of spongy bone and medullary cavity; there are two types of marrow :

A-red marrow in young animals           B-yellow marrow in adult animals

a) red bone marrow: Found in the bone of young animal. It is blood forming organs. It is soft, fill with vessels and cells. Red bone marrow persists in the sternum, vertebrae throughout the live                   .
b) yellow bone marrow: More fatty in nature and harder. Dose not performs blood forming organs                                   . 
c) white bone marrow: Hard fatty tissue. Non functional as blood forming organs.
d)gelatinous bone marrow: It is semifluid form. Found in very aged animals.

a) The compact substance: It is more thickness near the middle of the shift.
2. It is thin at the extremities.
3. It is composed of large calcified interstitial substance called bone matrix
(ground substance) which formed from layer called lamellae.
4. The matrix have small cavities which called lacunae which filled by
osteocyte.
5. There is tubular passage called canaliculi runs in different directions.
6. The lamellae of the matrix arrange around the longitudinal cannels, these
structures called Haversian system.
b) The spongy substance: Consist of delicate bony spicules and plates.
2. Bone marrow spaces between spicules and plate fill with bone marrow.
3. the spongy substance formed the bulk of: a) Short bones. And Extremity of  long bone.
Microscopically 
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1-Bone is a connective tissue having osteocytes (bone cells).

2-Parallel rows of fine collagen fibers embedded in amorphous ground substance.

3-Ground substance or matrix contains regularly arranged crystals of calcium salts.

4-Mineral matter makes the intercellular substance hard and permeable, forming thin Plates or lamellae.

5-Bone is arranged in the form of concentric system called the Haversian system or osteone.

Osteone form the bulk of the diaphyseal  cortex of mature skeleton, they are formed from concentric lamellae of bone surrounding central canals. The central canals of osteone, referred to as Haversian canals, contain blood vessels, lymphatic vessels, and occasionally nerves. 
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Classes of bones
It consist of Four classes
(According to their shape and function:
1. Long bones: elongated cylindrical form with enlarged extremities or ends ''
expand in one direction '' it present in limb, like (femur, Humerus, etc…). The
cylindrical part called the shaft or body, the medullary cavity contains medulla
or marrow.
2. Flat bones: expand in two directions.It furnishes sufficient area to attachment
of muscles like scapula,or protects soft organs as skull.
3. Short bones: such as these of the carpus and tarsus somewhat similar
dimensions in the length and thickness. The chief function is diffusing
concussion and allows the movement of the joint.
*sesamoid bones are also short bones which are developed in the capsules of some
joints or in tendon. They diminish friction or change the direction of the tendon.
4. Irregular bones: they are irregular shapes, such as vertebrae and bones of
cranial base "skull". They are median in position and unpaired or single.
Some bones have air spaces instead of spongy substance are called pneumatic bones. Such air filled cavities are called sinuses and are lined by mucous membrane.
Development of bone: The formation, growth, maintenance, and healing of the skeleton require that bone be formed throughout life. Normal osteoblasts produce bone under a variety of conditions, including embryonic development, bone growth and remodeling.

1-Bone derived from mesenchyme (undifferentiated cells) which is mesoderm in origin.

2-Ossification is the process of development of bone from mesenchyme by conversion of fibrous tissues or cartilage into bone. Ossification starts from ossification centers and extend to the other soft tissue.

3-Long bones have primary ossification center for diaphysis and secondary ossification center for epiphysis develop later on.

4-For various processes of bone separate center may appear.

*Ossification takes place by two methods: intramembranous and intracartilagenous or endochondral method.

According to their structures of bone:
1. Spongy bone (cancelleus bone): it is originated from intramembranous
ossification.
2. Compact bone: it is originated from cartilaginous ossification.

1. Intramembranous ossification:
a) It is formed on outside of the fibrous tissue membrane covering the brain and
skull.
b) At first formed the definite center when the osteoblast surrounded themselves
with deposit of bone.
c) The center extends to the periphery of the future bone.
d) Producing a network of bony trabiculae.
e) The trabiculae are rapidly thickening formed bone plate.
f) The superficial part of the original tissue (fibrous membrane) becomes the
periosteum.
2. Intracartilaginous ossification:
Within the bars of cartilage there is one or more centers of ossification are appearing
as following:
a)The chondroclast (chondro cartilage , clast break ) These cells break down the
cartilage and the cartilage cells shrink and disappear leaving gaps (spaces) (bone
marrow cavity).
b)The osteoblast cell: Osteoblasts migrate from the deep face of the perichondrium to inside the cartilage
and fill the gaps with primary bone (spongy bone).
c)Later primary bone removed by osteoclasts and true bone (secondary bone)
(compact bone) formed by secondary osteoblast.

* Vertebral Column 
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The vertebral column consists of a series of unpaired, median irregular bones, the vertebrae, extending from the skull to the tail. Some vertebrae may become fused (e.g. in the sacral region). The number of vertebrae in each body region (cervical, thoracic, lumbar sacral, caudal) is fairly constant called as a vertebral formula.
Atypical vertebra consists of:

(1) Body - cylindrical mass articulating cranially (convex) and caudally (concave) with other vertebrae.

(2) Arch - two lateral halves which, together with the body, form the vertebral foramen containing the spinal cord and its vessels. The base of the arch (pedicel) has vertebral notches for the passage of spinal nerves and vessels.

(3) Processes 
A-articular processes, two anterior and two posterior articulate with adjacent vertebrae.
B-spinous process projects from the middle of the arch for the attachment of muscles and ligaments.
C-transverse process, two project laterally from the arch.

D-mammillary process, in most mammals on the posterior thoracic and anterior lumbar vertebrae, between the transverse and anterior articular process.
Vertebrae from different regions are distinguished by characteristic features:

Cervical – transverse foramina (except C7), atlas and axis unique

Thoracic – long, caudally pointing spinous processes until T11; Costal fovea for ribs

Lumbar – long cranially pointing transverse processes

Sacral – fusion, processes become crests, notches for nerves become foramina

Caudal – reduction in processes
*Ribs and Sternum: 
Ribs are paired curves bones which form the skeleton of the thoracic wall. It consist of 

 1-The shaft of the rib varies in length, width and curvature. 
2-The costal groove on the medial surface contains the intercostal vein. 
3-The head is at the end of the rib and articulates with two adjacent vertebrae. It is connected by a neck to the shaft and the tubercle which is directed caudally, articulating with the transverse process of the vertebra. 
4-The sternal (ventral) end of the ribs is usually slightly enlarged and roughened where it joins the costal cartilage.
Three types of ribs can be distinguished:

(1) Sternal ribs - articulate with the sternum by the costal cartilage.

(2) A sternal ribs - do not articulate with the sternum, but may have overlapping costal cartilages, united by elastic tissue to form a costal arch.

(3) Floating ribs- ventral ends free and not attached to adjacent ribs.

The sternum (flat bone) is composed of 6-8 unpaired median bony segments. Its shape varies considerably. It consist of 

1-The cranial end (manubrium) is relatively small and terminates in cartilage providing attachment for thoracic and neck muscles. 
2-The body of the sternum articulates with the costal cartilages of sternal ribs and gives attachment to thoracic muscles. 
3-The ventral border of the sternum may have a prominent crest. 
4-The sternum terminates caudally in a thin plate of xiphoid cartilage which provides attachment for the diaphragm and abdominal muscles.

	Animals
Regions
	Horse
	Cow 
	Dog 
	sheep

	Cervical 
	7 
	7 
	7 
	7

	Thoracic 
	17-18 
	13 
	13 
	13

	Lumbar 
	6 
	6 
	6-7 
	6

	Sacrum 
	5 
	5 
	3 
	3-4

	Coccygeal Or
caudal
	15-21 
	18-20 
	20-23 
	16-18


	animals
	Total no. of ribs 
	Sternal ribs 
	Asternal ribs 
	floating

	horse 
	18-19 pair 
	8pair 
	10 pair 
	1 pair

	Cow 
	13 pair 
	8 pair 
	5 pair 
	1 pair

	sheep 
	13 pair 
	8 pair 
	5 pair
	

	Dog and cat
	13 pair 
	9 pair 
	4 pair
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Figure 1-N: Cervical vertebrae of the dog
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Figure 1-O: Vertebrae of the dg (Thoracig lumbar sacal and caudal
vertebrae)




[image: image6.png]Supraspinous fossa Seapular cartlage

Scapular spine Infraspinous fossa
Supraghnoid ubercle Neck of scapula

Greater tuberosity of humerus

Olecranon

interosseus space

Radius

-Accessory carpal
Distal carpal bones

Splint bone (MclV)

Cannon bone (Mcill}

Proximal sesamoid bone.

Middle phalan (Pil)




[image: image7.png]haptr - anatomy ot th Pl L f e Horss 191

Tuser saeraie

Tper corae
Fead of forur
Graate rochanter (ranil par)
Patlls
Latertfemoral canchle
Tibial tberosity

Fibula

Calcarers

Spintbon ()

Cannonshannon (Uell)

Hind fimb,




