
Bone



Bone

Function:Function:
 Protection
 Ion storage
 Movement Movement

 Bon matrix
C ll Cells

Cells:
 Osteocytes
 Osteoblast
 Osteoclast

 Endosteum
 periosteum



Osteogenic cells

Location:
l endosteum, 
l inner layer of periosteum, y p ,
l central canals

Function: 
l source of new bone cells
l divide to form osteoblasts



Osteoblasts 

Organic matrix synthesis:
Collagen I Collagen I

 Proteoglycans
 Glycoproteins  
Osteonectin

Inorganic substance

Location:
On matrix surface 
(like simple epithelium)

Active osteoblast
C b id t lCuboid to columnar
Basophilic

Declined activityDeclined activity
Flattened
Less basophilic ap.

Inactive osteoblast
Bone lining cells in endosteum & periosteum



Osteoblasts 

 Protein secretionote sec et o
 Polar cells
 Osteoid (Uncalcified substance)
 Calcium salts deposition

Calcification:

 Osteocalcin (K vitamin dependent pp)

Osteocalcin & other glycoproteins bind to Ca2+g y p

 vesicle matrix 

Rich alkaline phosphatase & other enzymesRich alkaline phosphatase & other enzymes

Enhance PO4- concentration

PO4- & Ca2+

Hydroxyapatite crystals [Ca10 (PO4)6 (OH)2]

Collagen & proteoglycans



Osteocytesy

 surrounded by their secreted matrix

 Differentiated to osteocytes

 Singly in lacunae 

 Long dendritic process in canalicules

G j Gap j. 

 Less RER, Golgi ap., more condensed chromatin

Function:Function:

 Matrix protection

 Different gene expression

Sclerostin 

Cytokines

Bone modeling regulation 



 Dendritic processes

 Have sensor for mechanical stressHave sensor for mechanical stress

 Lack of exercise & weightlessness

 Decreased bone density



Osteoclasts 

Bi ll Big cell

 Multiple nuclei

M t i ti Matrix resorption

 Fusion of bone marrow derived cell



Osteoclasts 

Osteoclast development by:Osteoclast development by:

 Macrophage colony stimulating factor (M-CSF)

 Receptor activator of nuclear factor-KB ligand (RANKL)

 Resorption cavities (howship lacunae)

 Ruffled border (Actin rich area for bone absorption)

Osteoclast secret:

 Collagenaseg

 Cathepsin K

 Pump protein for  hydroxyapatite & protons digestion



Osteoclast function 

Regulated by:Regulated by:

 Receptor for calcitonin

 No receptor for PTH

 Inderectly by M-CSF & RANKL of osteoblast 

 Osteoblasts have receptor for PTH

Osteopetrosis:p

 No Ruffled border

 No H+ pump

 Bone thikenning



Bone matrix 

Inorganic part (50%)Inorganic part (50%)

 Calcium hydroxyapatite(hydrated)

 Bicarbonate

 Citrate Citrate

 Mg2+

 K+

Na+ Na+

 Amorph calcium phosphate

O i tOrganic part:

 Collagen 1

 Proteoglycans

Gl i Glycoproteins

Osteonectin

Ca2+ binding glycoprotein

Osteocalcin, phosphatase



Endosteum & periosteump

 Priosteum like perichondrium

 External layer
Dense connective tissue
Small vessel
Collagen bundleCollagen bundle
Fibroblasts

Periosteum bind to bone matrix by:
Perforating or sharpey fibers (periosteal collagen bubdles)

 Internal layer 
More cells
B i llBone covering cells
Osteoblast
Osteoprogenitor cell

Periosteum function:
Bone nourishment
New osteoblast supply  

Appositional bone growth
repair



Endosteum 

 Thin layer Thin layer

 Cover trabeculae

 Contain:

Osteoprogenitor cells

Osteoblasts

Bone lining cellsBone lining cells 

Osteoporosis: 

I bili d & t l Immobilized & postmenopausal

 Bone turnover

 Calcium loss

 ↓ bone mineral density

 Dual-energy X-ray absorbtiometry



Bone types yp

1. Compact or cortical bone (80%)p

2. Cancellus, trabecular or spongy bone (20%)

In long bone:

Epiphysis

Diaphysisap ys s

In Short  bone:

spongy bone in centerspongy bone in center

Covered by compact bone 

In flat bone:In flat bone:

2 layers of compact bone (plate)

thick layer of spongy bone (diploe)



Compare compact and spongy bone (light microscope)



Bone tissue organization g

L ll b Lamellar bone

 Woven bone



Lamellar bone 

 In adult
 Multiple (4-10) layers or lamellae (each 3-7 µm)
 Parallel or Around central canal
 Parallel layer of collagen fibers

O H iOsteon or Haversian system
 Multiple layers around central canal
 With vessel & nerve
 Loose connective tissue
 Endosteum Endosteum
 Outer boundry (cement line)
Rich collagen layer

Perforating (volkman) canalg ( )
Central canal no or less lamellar layer

Interstitial lamellae between osteons (old osteon)

In compact bone (diafhysis):  
External circumferential lamellae (under periosteum)
Inner circumferential lamellae (around central canal)



Bone remodeling g

 Continuous bone absorption & formation Continuous bone absorption & formation 

 In adults (5-10%)

 Osteoclasts

 New osteon New osteon

 Tetracycline 



Histology of Spongy BoneHistology of Spongy Bone

Trabeculae instead of osteons
lattice of spines, rods, plates 
Develop along lines of stressDevelop along lines of stress
Still lamellar, but no central canals

Bone marrowBone marrow
In space between trabeculae
Osteocytes are close to marrow blood supply

Found
in ends of long bones and inside flat bones such as the hipbones, sternum,

sides of skull and ribssides of skull, and ribs.



Woven bone

 Nonlamellar
 Collagen I fibers (random disposition)

 First bone tissue:
Embryonic development 
Fracture repair

Temporary tissue 

In adults only in:
Near sutures of calvaria
Insertion of some tendons

Less o ga ic s bstaceLess organic substace
More osteocytes


