


 Bone matrix 
• [ 1] The organic material  :  is composed of : 

1. Collagen (type I) accounts for 90% of the 
organic material of bone matrix. 

• 2.  Proteog!ycan, glycosaminoglycans, 
osteonectin (a protein that anchors bone 
mineral to collagen), and osteocalcin (a 
calcium-binding protein). 

• [2]  The inorganic material : is composed of: 
• 1-Hydroxyapatite  
• 2-Citrate   
• 3-carbonate  



• [3]A layer of water and ions (hydration shell):  
which surround each hydroxyapatite crystal and is 
believed to facilitate the exchange of ions 
between the crystals and the body fluids. 

•  Bone cells:  
• Osteoprogenitor cells 
• Site 
• They are found on or near all the free 

surfaces of bones in the endosteum and the 
inner layers of periosteum.    

• L.M 
• They have pale oval nuclei and scanty, faintly 

basophilic cytoplasm 
• Function  
• -These cells are able to proliferate and 

differentiate into osteoblasts.     
• -Osteoprogenitor cells are active during the 

growth of bone and repair of bone after its 
injury  





Osteoblasts:  
• L.M: 
• -They are large rounded, oval or fusiform in shape.  
• -Their cytoplasm is highly basophilic.  
• -In H &E sections, the details of these cells can not be seen 

because both the cytoplasm and the nuclei are basophilic.  
• -In well fixed cells, the nuclei appear irregularly rounded or 

fusiform and their nucleoli are eccentric in position.  
• -The cytoplasm shows negative Golgi region close to the 

nucleus. 
• E.M  
• -It has the appearance of protein secreting cells.   
• -In the elongated cell, the nucleus is present at one side 

and the RER is at the other side and the Golgi is present 
between them.   

• - The procollagen is present in secretory vesicles. 
• -The outline is irregular due to the presence of cellular 

processes.  



• Function of osteoblasts: They are bone forming cells 
where it secret the component of bone matrix and has a 
role in the  mineralization. 

• Small vesicles called matrix vesicles contain alkaline 
phosphatase enzyme. This cleaves the phosphate groups and 
acts as the foci for calcium and phosphate deposition. The 
vesicles then rupture and act as a centre for 
hydroxyapatite crystals to grow on.  

• Osteocytes  : 
•  -Once the osteoblast becomes surrounded with 

intercellular substance it is called osteocyte. The spaces 
they occupy are known as lacunae  

• -They are oval branched cells. H & E stained decalcified 
section only shows the nuclei of osteocytes in the oval 
lacunae. 

• -Young osteocytes add some intercellular substance to 
the wall of the lacunae for a short period. As the bone 
matrix is hard, osteocytes extend cytoplasmic processes 
that traverse the matrix through canaliculi. that reach 
out to meet osteoblasts and other osteocytes for 
communication.  



• E.M: They have less cytoplasm than osteoblasts, 
fewer RER and fewer mitochondria 
 

• Osteoclasts : 
• L.M 
• -They are large multinucleated cells containing 6-

12 nuclei. 
• -The cytoplasm is acidophilic with frothy 

appearance and the acidophilia is increased with 
age. Thus, young osteoclasts are slightly 
basophilic.  

• -Osteoclasts occupy pits in the surface of the 
bone called Howship's lacunae.  

• -Osteoclasts have a striated border which is at 
the surface exposed to bone and appears as hair 
like processes.  



• EM: -The striated or ruffled border of 
osteoclasts demonstrates irregular villi-like 
processes which are intermingled with each other.  

• - Between the bases of two villi there are a 
tubular shaped invagination of cell membrane that 
extends into the peripheral part of the cytoplasm. 
-It appears in sections as vesicles or vacuoles 
that communicate with the surface. 

• - The cytoplasm at the striated or ruffled border 
is free from organelles but between this and the 
nuclei numerous mitochondria, well developed 
Golgi stacks, little RER, numerous lysosomes, large 
pale vesicles and small coated vesicles are present  



Function: - Bone resorption and remodeling, Remodeling means the 
maintenance of the shape of the bone by adding bone at new 
surface and removing or resorbing it at the other surface during 
the growth of bone. 
Mechanism of function:-  
When it stimulates, Lysosomal enzymes are packaged in the Golgi 
complex and hydrogen ions produced. Then these iones are 
released into the microenvironment that created by the 
attachment between bone matrix and the osteoclast's peripheral 
clear zone. The acidification of this space facilitates the 
dissolution of calcium phosphate from bone and also it is the 
optimal pH for the activity of lysosomal hydrolases. Bone matrix is 
removed and the products of bone resorption are taken up by the 
osteoclast's cytoplasm, probably digested further, and 
transferred to blood capillaries.  



Compact bone 
Sites: 
 -Shaft of long bones 
 -The outer part of the epiphysis  
-The outer part of the short bones.  



• osteon. ( Haversian system)  



Cancellous bone : 
Sites: 

 
• - In the center of flat bone and irregular bones.  

• - At the end of long bones.  



Endosteum  :  Periosteum  and 
•The periosteum 

• It lines the outer surface of the bone and  
consists of: 

• -An outer layer of collagen fibers and fibroblasts 
. 

• -Inner cellular layer composed of fibroblast-like 
cells called  Osteoprogenitor cells  which divide 
by mitosis and differentiate into osteoblasts . 

• The endosteum  
• lines inner cavities  within the bone and is 

composed of a single iayer of flattened 
Osteoprogenitor cells and a very small amount of 
connective tissue. 

•  Function  of periosteum and endosteum  
• Nutrition of bone tissue.  



Histogenesis of Bone 
  by direct mineralization of matrix 

secreted by osteoblast 
(Intramembranous   ossification) or  

  by deposition     of   bone   matrix   on   
a   preexisting   cartilage   matrix 
(Endochondral ossification) 

[1]  Intramembranous Ossification 
 1-A primary centre of ossification arise 

in the mesenchymal C.T. membrane.  
       2-Mesenchymal cells differentiation             

into osteoblasts          



• 3- Osteoblasts produce bone matrix and 
calcification follows, resulting 

• in surrounding osteoblasts with lacunae 
and become osteocytes and the bone 
formed is of spongy type.  

• 4-The connective tissue that remains 
among the bone walls is penetrated by 
growing blood vessels and additional 
undifferentiated mesenchymal cells, giving 
rise to the bone marrow cells. 

• 5-The portion of the connective tissue 
layer that does not undergo ossification 
gives rise to the endosteum and the 
periosteum of Intramembranous bone. 





[2]  Endochondral Ossification 

  • Site: within a piece of hyaline cartilage 
whose shape resembles a model of the 
bone to be formed. This type of 
ossification is principally responsible for 
the formation of short and long bones.  

• Steps: 

• 1-A primary center of ossification arises in 
the middle of the shaft of the cartilage 
model (diaphysis). 

• 2- Initially, the first bone tissue appears     
as a hollow bone cylinder that surrounds    
the mid portion of the cartilage  



   model forming the bone collar. This 
bone collar is produced by intra-
membranous ossification within the 
local perichondrium.  

3- The cartilage undergoes a 
degenerative process  

characterized by cell  

enlargement (hypertrophy),  

matrix calcification, and cell 

 death resulting in the  

formation of calcified  

cartilage matrix.  



• 4-The blood vessels and osteoprogenitor cells 
from the periosteum invade the calcified 
cartilage through holes made by osteoclasts in 
the bone collar.  

• 5-The osteoprogenitor cells differentiate into 
osteoblasts and a cancellous bone develops. 

• 6-Later on secondary centers of ossification 
occur after birth at the epiphyses and goes 
through the same steps as the primary 
ossification except that it takes a radial 
manner instead of a longitudinal one. Because 
the articular cartilage has   no perichondrium, 
no bone collar forms at the epiphyses. The 
cartilage persists in the long   bone at the 
articular cartilage and  the epiphyseal plate.  
The epiphyseal plate is completely replaced by 
bone at the    age of 20 years in males and 1 
7 years in females.  





• Growth in width of bone :-  

•  The growth in diameter of bones around 
the diaphysis occurs by deposition of 
compact bone under the periosteum.  On 
the other side osteoclasts in the center 
of the shaft continue to degrade bone 
where the marrow cavity also increases 
in size  at which point the rate of 
formation on the outside and degradation 
from the inside is constant. 

• Growth in length of bone:- 
•  While the cartilage is replaced by bone, 

in the epiphyseal plate interstitial          
growth of the cartilage of diphysis   
continues to increase the length of long  

http://en.wikipedia.org/wiki/Diaphysis
http://en.wikipedia.org/wiki/Periosteum
http://en.wikipedia.org/wiki/Osteoclast
http://en.wikipedia.org/wiki/Osteoclast


   bone, and the chondrocytes near the 
diaphysis become arranged in longitudinal 
columns separated by columns of cartilage 
matrix. As ossification progresses, the 
chondrocytes in the longitudinal columns 
undergo changes similar to the early events 
in the primary center of ossification. Four 
zones become recognizable along their 
length 

(1) Zone of proliferation 

(2) Zone of Hypertrophy: glycogen and become 
rich in phosphatase enzyme.  

(3) Zone of Calcification: Calcium salts  

(4) ) Zone of Ossification:  







Joints 
• Joints are the site at which two or more 

bones make contact. They are provided 
movement and mechanical support. They 
are mainly classified structurally and 
functionally. Structural classification is 
determined by how the bones connect to 
each other, while functional classification 
is determined by according to the degree 
of movement.  

http://en.wikipedia.org/wiki/Bone


• Functional classification 
• 1- joints allows very limited movement 

(synarthroses) as  
• 2- Joints allows free movement 

(diarthroses); 
• Structural classification 
• 1- Fibrous joint where bone ends are 

joined by fibrous tissue as sutures of the 
vault of the skull.   

• 2- Cartilaginous joint where the two 
adjacent bone ends are covered by layer 
of hyaline cartilage as intervertebral disc 
and symphysis pubis. 

• 3- Synovial joint.  



Synovial joint 
• Structure: 
• 1- articular capsule: The fibrous capsule is 

continuous with the periosteum of bone. It is also 
highly innervated but avascular (lacking blood and 
lymph vessels). Each capsule consists of two 
layers: 

• - an outer fibrous layer composed of avascular 
white fibrous tissue - an inner synovial layer which 
is a secreting layer, and is usually described 
separately as the synovial membrane.  

• 2- articular cartilage: lines the epiphyses of joint 
end of bone. Provides the loading and unloading 
mechanism to resist load and shock 

• 3- synovial membrane: the inner layer of the 
fibrous articular capsule. The synovial membrane 
covers the lining of the synovial cavity where 
articular cartilage is absent.   

http://en.wikipedia.org/wiki/Articular_capsule
http://en.wikipedia.org/wiki/Synovial_membrane
http://en.wikipedia.org/wiki/Articular_cartilage
http://en.wikipedia.org/wiki/Synovial_membrane
http://en.wikipedia.org/wiki/Articular_capsule






1. Identify the INCORRECT 
statement 

• 1The main source of nourishment of articular 
cartilage are blood vessels in the underlying bone. 
 

• 2The resorptive activity of osteoclasts is 
stimulated by parathyroid hormone and inhibited 
by calcitonin. 
 

• 3Volkman's canals establish connections between 
Haversian canals and the inner surface of compact 
bone. 
 

•  remodeling occurs throughout life. 



2. Which cell type gives 
rise to osteoblasts? 

• 1 chondrocyte 

• 2 osteoprogenitor cell 

• 3 osteocyte 

• 4 osteoclast 



 
3. What is compact bone? 

 
 • a. Dense bone 

b. Woven bone 
c. Immature bone 
d. Cancellous bone 
e. Spongy bone 



4.Identify the diagram? What is 
the structure pointed by the 

arrow? 



5. What type of basic 
tissue type of bone? 

 
 • a. Epithelium 

b. Connective tissue 
c. Muscle 
d. Nervous 
e. Bone 



6.What cell is involved in 
bone resorption? 

 
 

• a. Osteoclast 
b. Osteon 
c. Osteocyte 
d. Osteoblast 
e. Osteoid 



7.What is woven bone? 

• a. Cancellous bone 
b. Compact bone 
c. Dense bone 
d. Immature bone 
e. Spongy bone 



8. What is the structures 
pointed by the arrows? 



9.What are the spicules 
on spongy bone called? 

 
 

• a. Canaliculi 
b. Sharpey's fibers 
c. Trabeculae 
d. Tome's process 
e. Lacuna 



10.What is bone formation called 
when the bone is formed 

directly, without using a cartilage 
template? 

 
 

• a. Intraosseous 
b. En bloc 
c. Intramembranous 
d. Endochondral 
e. Endosteum 



11. What forms the 
epiphyseal growth plate? 

 
 

• a. Elastic cartilage 
b. Fibrocartilage 
c. Hyaline cartilage 
d. Compact bone 
e. Spongy bone 



12.What sits in a lacuna? 
  
 • a. Osteoclast 

b. Osteon 
c. Osteocyte 
d. Osteoblast 
e. Osteoid 



13. Enumerate the stages 
of this process ? 



14. What is the cell seen 
in this structure? 



15. What is the 
perforating canal called? 








