
Bone Ossification



Shape of bones



Types of bone tissue

Fam!ly
Sticky Note
diaphyses : mainly compact bone.
epiphyses : mainly spongy bone.







Bone Development

• Osteogenesis (ossification)—bone tissue 
formation

• Stages:

– Bone formation—begins around 8th week of 
development

– Postnatal bone growth—until early adulthood

– Bone remodeling and repair—lifelong



Postnatal Bone Growth

• Interstitial growth: 

–  length of long bones

• Appositional growth: 

–  thickness and remodeling of all bones by 
osteoblasts and osteoclasts on bone surfaces

Fam!ly
Sticky Note
interstitial growth takes place in cartilage ( epiphyseal plate in long bones ) not in bone tissue.

Fam!ly
Sticky Note
what do we talk about in this lab is replacement ( cells die , others form ) not transformation ( conversion)



Fam!ly
Sticky Note
all bones in the embryo where cartilage exept the clavicle ( although the clavicle is long bone) and the skull ( cranial and facial bones )  ( these where fibrous membranes not cartilage). nevertheless, the bone tissue that is produced in both ways is the same.
-cartilage and membrane act as a scaffold

Fam!ly
Sticky Note
note : the scapula was cartilage.



Ossification

The process by which bone 
forms.

Different methods of development in which 
both replace preexisting connective tissue with 

bone, both methods lead to the same 
structure in mature bone



Two Types of Ossification

1. Intramembranous ossification
– Formation directly on or within fibrous 

connective tissue. 
– Forms flat bones, e.g. clavicles and cranial bones 

of the skull

2. Endochondral ossification
– Formation of bone within cartilage.
– Forms most of the rest of the skeleton



Intramembranous Ossification

• Direct formation of bone (membrane bone) 
within highly vascular sheets or ‘membranes’ 
of condensed mesenchyme.

Fam!ly
Sticky Note
ossification of some bones can be completed postnatally like sutures.



Mesenchymal cell

Collagen fiber

Ossification

center

Osteoblast

Ossification centers appear in the fibrous connective 

tissue membrane.

• Selected centrally located mesenchymal cells cluster and 

differentiate into osteoblasts, forming an ossification center.

1

Fam!ly
Sticky Note
the fibrous membrane : 
-has mesenchymal cells.
-is highly vascularized  ( these blood vessels will pierce the bone tissue to be the future reb bone marrow)

Fam!ly
Sticky Note
mesenchymal cells differentiate into osteoprogenitor cells , which in turn differentiate into osteoblasts.



Osteoid

Osteocyte

Newly calcified

bone matrix

Osteoblast

Bone matrix (osteoid) is secreted within the fibrous 

membrane and calcifies.

• Osteoblasts begin to secrete osteoid, which is calcified

within a few days.
• Trapped osteoblasts become osteocytes.
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Fam!ly
Sticky Note
when we say osteoid : we maen the organic components without minerals.



Mesenchyme

condensing

to form the

periosteum

Blood vessel

Trabeculae of

woven bone

Woven bone and periosteum form.

• Accumulating osteoid is laid down between embryonic blood 

vessels in a random manner. The result is a network (instead of 

lamellae) of trabeculae called woven bone.

• Vascularized mesenchyme condenses on the external face of the 
woven bone and becomes the periosteum.
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Fam!ly
Sticky Note
the fibrous membrane is highly vascularized.

Fam!ly
Sticky Note
woven bone with spaces which are formed by the fusion of the ossification centers:
-it has high cellularity.
-it is low mineralized (but we don't say : not mineralized).




Fibrous

periosteum

Osteoblast

Plate of

compact bone

Diploë (spongy

bone) cavities

contain red

marrow

Lamellar bone replaces woven bone, just deep to

the periosteum. Red marrow appears.

• Trabeculae just deep to the periosteum thicken, and are later

replaced with mature lamellar bone, forming compact bone plates.

• Spongy bone (diploë), consisting of distinct trabeculae, persists 

internally and its vascular tissue becomes red marrow.
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Fam!ly
Sticky Note
How does this slide differ from the previous slide?
remodelling has taken place : we replaced woven bone with lamellar bone ( compact and spongy).



Trabeculum

Fam!ly
Sticky Note
it is woven bone .. how did we know that ?
-high cellularity
-the overall shape of the section ( we don't have compact bone covering spongy bone)



trabeculum

osteocyte

Osteoblast

Fam!ly
Sticky Note
These osteoblasts are from the endosteum.





A: OSTEOBLAST
B: OSTEOCYTE
C: OSTEOID
D: JUNCTION BETWEEN NEWLY 
FORMED BONE(OSTEOID) AND
OLDER BONE

E: OLDER BONE

Fam!ly
Sticky Note
this old bone "can" be woven bone.



Immature (woven) bone

Fam!ly
Sticky Note
mesenchyme CT.



Beginning of osteon formation

Fam!ly
Sticky Note
the direction of growth is toward the central canal.



Endochondral Ossification

• Uses hyaline cartilage models

• Most of the long and short bones of the body 
develop by endochondral ossification

• Requires breakdown of hyaline cartilage prior to 
ossification



Bone collar forms around

hyaline cartilage model.

1

Hyaline cartilage

Bone collar

Primary

ossification

center

Fam!ly
Sticky Note
perichondrium in the embryo has Osteochondroprogenitor cells.

Fam!ly
Sticky Note
primary ossification center occurs when osteoblasts secrete bone matrix to form woven bone.



Cartilage in the center

of the diaphysis calcifies

and then develops cavities.

2

Area of deteriorating

cartilage matrix

Fam!ly
Sticky Note
it is called cavitation process.

Fam!ly
Sticky Note
Alkaline phosphatase transfers cartilage to calcified cartilage.



The periosteal bud invades the internal 
cavities and spongy bone begins to form.
3

Spongy
bone
formation

Blood
vessel of
periosteal
bud

Fam!ly
Sticky Note
while we have ossification in diaphyses , cartilage is still growing here ( its cells still undergo mitosis)



The diaphysis elongates and a medullary cavity forms
as ossification continues. Secondary ossification centers
appear in the epiphyses.

4

Epiphyseal
blood vessel

Secondary
ossification
center

Medullary
cavity

Fam!ly
Sticky Note
appears near birth ( about 7 month after the primary appears)

Fam!ly
Sticky Note
each tubercle has its own secondary ossification center.



The epiphyses ossify. When completed, hyaline cartilage

remains only in the epiphyseal plates and articular cartilages.
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Epiphyseal plate

cartilage

Articular cartilage

Spongy bone

Fam!ly
Sticky Note
woven bone is not replaced with compact bone directly : woven bone is replaced first with spongy bone , then some parts of this spongy bone will be replaced with compact bone, like in diaphysis.

Fam!ly
Sticky Note
Blood vessel coming from periosteal bud.



Fam!ly
Sticky Note
By remodelling, spongy bone is replaced by compact bone surrounding the spongy bone of epiphyses.

Fam!ly
Sticky Note
also in epiphyses we have red bone marrow.





Bone collar

E

E

Fam!ly
Sticky Note
this section is in prenatal phase not in perinatal ( near birth) , because the epiphyses is still cartilage and has no ossification centers.

Fam!ly
Sticky Note
this area is a mix of  :
-cartilage ( densly basophilic which reperesents calcification not ossification) ( dense basophilia here is due to calcification of cartilage).
-bone ( eosinophilic)



Fam!ly
Sticky Note
-this section is from epiphyses.
-these blue lines are artifact.


Fam!ly
Sticky Note
periosteum

Fam!ly
Sticky Note
secondary ossification center has blood vessels from the periosteal bud and this means it is the beginning of ossification.

Fam!ly
Sticky Note
cartilage of epiphyses ( basophilic)



Secondary ossification center

Blood vessels

Fam!ly
Sticky Note
represents beginning of ossification.



Growth in Length of Long Bones 

• Epiphyseal plate cartilage organizes into four 
important functional zones: 

1. Resting (reserve) 

2. Proliferation (growth)

3. Hypertrophy and Calcification

4. Ossification 



Consider these two 
zones as one zone

Fam!ly
Sticky Note
the direction of growth in  epiphyseal plate is toward diaphyses.

Fam!ly
Sticky Note
How do we differentiate between zone 4 and 5 ?
- zone 4 : calcification ( basophilic) , zone 5 : ossification (eosinophilic).
- zone 5 is closer to diaphyses.

Fam!ly
Sticky Note
-no mitosis
-cells in lacunae
-also called reservoir zone.

Fam!ly
Sticky Note
cells are arranged in columns ( not in isogenous groups ) because it is responsible for longitudinal growth

Fam!ly
Sticky Note
cells die



Zones of epiphyseal plate

• Zone of reserve cartilage: Chondrocytes 
randomly distributed throughout the matrix

• Zone of proliferation: Chondrocytes, rapidly 
proliferating, form columns of isogenous cells 
that are parallel to the direction of bone 
growth.



• Zone of hypertrophy and calcification:

• Chondrocytes mature, hypertrophy, and 
accumulate glycogen in their cytoplasm

• The matrix between chondrocytes narrows

• Chondrocytes die, and cartilage matrix 
becomes calcified



• Zone of ossification: Osteoprogenitor cells 
invade the area and differentiate into 
osteoblasts, which secrete matrix that on the 
surface of calcified cartilage



1

2

3

4

Bone collar

Fam!ly
Sticky Note
space contains blood vessels which will form future bone marrow

Fam!ly
Sticky Note
bone ossification
-basophilic areas : calcified cartilage to provide a surface to build the bone 
-eosinophilic : bone 
*all these will be removed by osteoclasts.

Fam!ly
Sticky Note
cartilage cells in resting zone.

Fam!ly
Sticky Note
growth zone

Fam!ly
Sticky Note
more basophilic than zone 2 because of calcification.



2

3

4

Fam!ly
Sticky Note
bone collar.



1234

Fam!ly
Sticky Note
resting

Fam!ly
Sticky Note
growth

Fam!ly
Sticky Note
hypertrophy+ calcification

Fam!ly
Sticky Note
future bone marrow

Fam!ly
Sticky Note
bone contains osteocytes

Fam!ly
Sticky Note
how do we know that thisi is cartilage ?
-it has no cells ( cells have died ) 
-it has the same colour  as the cartilage in the epiphyseal plate ( note : it is important to trace the colour of the outer cartilge especially becauese the exam is in black and white).



3

2 4

Cartilage at the head of the
bone remains – this is the
articular cartilage (no perichondrium!) 

Direction of growth (due to cartilage proliferation) 

Shaft (diaphysis) becomes compact bone 

Fam!ly
Sticky Note
articular cartilage has no pericondrium.



Secondary
center of
ossification

Fam!ly
Sticky Note
joint



Fam!ly
Sticky Note
This is not called epiphyseal plate yet, because still the epiphyses is cartilage . ( this section is in prenatal phase)



2
3 4

1

Fam!ly
Sticky Note
not stained with H & E 
- reddish areas are bone : because they have cells 
-pinkish areas are cartilage.



1 2 3 4



Ossification  zone

Fam!ly
Sticky Note
cartilage

Fam!ly
Sticky Note
bone



Ossification  zone

Note bone matrix is acidophilic (red/pink) 
while cartilage matrix is basophilic (blue)







Hormonal Regulation of Bone Growth

• Growth hormone stimulates epiphyseal plate 
activity

• Thyroid hormone modulates activity of growth 
hormone

• Testosterone and estrogens (at puberty)

– Promote adolescent growth spurts

– End growth by inducing epiphyseal plate closure



Growth in the Epiphyseal Plate

51

Fam!ly
Sticky Note
in this x-ray image we have epiphyseal plate ( not line ) because it appears dark(epiphysial plate is hyaline cartilage) ( not white like bone) so this person is not adult ( a child , he  is less than 20 years old)
-bone appears white because it is calcified.
-complete closure of epiphyseal plate is in late adolescence.


Fam!ly
Sticky Note
- if you were given that thi image is from the knee joint .. then what would you find in this space : 
*synovial fluid
*padlike fibrocartilage.



What type of bone formation is taking place?

Fam!ly
Sticky Note
endochondral ossification



Osteoporosis

Clinical Application 

Fam!ly
Sticky Note
-usually occurs in females after the age of 40.
-occurs as a result of imbalance between the actions of osteoblasts and osteoclasts ( no parallel action between them)


