
WEEK SIX: LECTURE TWO- BONE DEVELOPMENT 
 
BONE COMPOSITION AND THE BONE MATRIX 
 
BONE COMPOSITION  

- Bone is a regular dense connective tissue with specialised cells; these cells are 
embedded within the ECM (the ground substance) 
 

COMPOSITION OF EXTRACELLULAR MATRIX 
- Consists of organic and inorganic matter  
- Organic matter: collagen fibres (collagen type 1), non-collagen proteins important to 

mineralisation à it provides the tough and flexible component of the bone  
- Inorganic matter:  minerals including calcium phosphate, calcium carbonate 

(combines with hydroxyapatite crystals composed of calcium phosphate) à allows 
bones to be strong and withstand compression  
 

FORMATION OF EXTRACELLULAR MATRIX  
- First step involves the organic matter, in particular, the collagen fibres, which embed 

into the ground state à this allows bone to be tough and flexible (but a little too 
flexible) 

- Therefore, inorganic matter, particularly the hydroxyapatite crystals, are deposited 
parallel to the collagen fibres à this allows bone to withstand pressure and become 
strong (without the organic matter it would be too brittle) 

- Combination of the two allows bone to be strong, slight flexible and resist shattering  
 
SPECIALISED CELLS FOUND WITHIN BONES  

- Four main cells; osteoprogenitors, osteoblasts, osteocytes and osteoclasts  
 
OSTEOPROGENITORS  

- Arise from mesenchymal stem cells, and are the first cells to commit to the 
osteogenic linage 

- They proliferate and mature to form osteoblasts, the bone-forming cells  
- Located in the periosteum (outermost layer of bone), and endosteum (innermost 

layer)  
 
OSTEOBLASTS  

- Responsible for new bone formation, secreting the organic components of bone (i.e. 
collagen) through osteoid’s 

- Osteoblasts also control the mineralisation process by secreting vesicles rich in Ca2+; 
as these vesicles move into the ECM where the organic matter has been developed, 
they induce mineralisation through the formation of hydroxyapatite crystals  

- Once osteoblasts are fully encapsulated by the bone matrix, they differentiate into 
osteocytes  
 
 
 
 



OSTEOCYTES  
- Are surrounded by the mineralised bone matrix and are not responsible for bone 

formation- they don’t secrete osteoid anymore, but rather, they are responsible for 
bone maintenance  

- They do this via regulating the mineral/protein composition of the bone matrix  
- Connect to neighbouring osteocytes via cytoplasmic processes  

 
OSTEOCLASTS   

- They are bone reabsorbing cells derived from haematopoietic stem cells  
- They are phagocytes responsible for the breakdown and reabsorption of bone  
- Secrete acids and enzymes involved in the breakdown of the organic and inorganic 

matter  
 
BONE STRUCTURE 
 
LONG BONE ANATOMY  

- Ends of long bones are called epiphysis, while the middle region is called the 
diaphysis  

- The medullary cavity, is located in the middle of the bone, in the trabecular bone, 
and it houses red bone marrow (hence, haematopoietic stem cell location) 

- Long bones are composed of two types of tissue consisting of the same components, 
but different arrangements; an outer layer called compact bone, which is strong, 
dense and tough, and an inner layer called trabecular bone that is less dense 

 
THE LAMELLAR ORGANISATION OF BONE 

- Lamellae are thin sheets of calcified bone matrix that are deposited into layers; 
osteocytes are embedded between each lamella  

- Compact bone: Lamella are arranged into a cylinder shape called osteons; these 
osteons are organised around blood vessels  

- Trabecular bone: Contains lamella arranged into longitudinal layers  
 
COMPACT BONE 

- Crucial to skeletal muscle movementà supporting muscles 
- Osteocytes are trapped in small spaces in compact bone called lacunae 

o Nutrients and waste removal cannot occur via diffusion across the calcified 
bone matrix, therefore, neighbouring osteons send out cytoplasmic 
extensions to neighbouring osteocytes called canaliculi à canaliculi connect 
neighbouring osteocytes to the central canal (which contains the blood 
supply) 

- Has a blood supply via the blood vessels surrounded by the osteons  
 
TRABECULAR BONE  

- Open network with honeycomb-like appearance  
- Trabecular bone is located in the epiphysis (the ends of bones, usually at joints) 
- Plays a role in shock absorption, and allows penetration of blood vessels  
- Also known as spongy tissue and cancellous bone  
- It has no osteons, hence no blood vessels (but it has the medullary cavity) 



BONE DEVELOPMENT 
 
INTRAMEMBRANOUS OSSIFICATION  

- Mesenchymal tissue is replaced by bone à gives rise to some of the craniofacial 
bones 

 
STEPS INVOLVED 

- Mesenchymal cells aggregate to form collagen-rich connective tissue 
- Mesenchymal stem cells give rise to osteoprogenitors, and then osteoblasts, which 

secrete osteoid and control mineralisation  
- Ossification proceeds into an outward manner from the primary ossification centre -

à osteoblasts are attracted to this site and release osteoid’s  
- Continued deposition of bone will lead to the formation of trabeculae and compact 

bone    
 
ENDOCHONDRAL OSSIFICATION 

- Hyaline cartridge is replaced with bone à gives rise to most of the bones in the body 
 
STEPS INVOLVED  

- Chondrocytes proliferate and form large aggregates of cartilage tissue; chondrocytes 
in the middle undergo hypertrophy  

- The cartilage-matrix surrounded the hypertrophied chondrocytes becomes 
calcifiedà causes chondrocytes to lack access to nutrients, thus, they undergo 
apoptosis  

- The remaining cartilaginous matrix is the base for bone deposition  
- The blood vessels will invade empty spaces- where chondrocytes were apoptosed- 

releasing osteoprogenitors and osteoblasts  
- Ossification will proceed outwards from the primary ossification centre  

o Additional ossification centres form in the epiphyses of bone  
- Continued deposition of bone will lead to formation of trabeculae and compact bone  
- the cartilage matrix will 

continue to be degraded 
until its fully replaced by 
bone  

 


