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Part 1: Bones



Bones

Living concrete: 

Type 1 collagen

hydroxyapatite 

[Ca3(PO4)2]3· Ca(OH)2)

Functions:

Structural

Motion

Protection

Mineral Storage

(Cell Factory)



Extracellular Matrix



Types of Bone

Trabecular Cortical



Cortical Bone



Trabecular Bone



Biomechanics of Cortical



Biomechanics of Trabecular



Biomechanics of Trabecular

Compressive stress–strain curves for trabecular bone of different relative densities. 

Relative density is the ratio of the apparent density (r* in this figure) to the density 

of solid cortical bone (rs). 



Bone Remodeling

• Maintenance of mineral 
homeostasis

• Reconstruct in the face 
of mechanical 
stimulation

• Maintain structural 
integrity in the face of 
accumulated 
microdamage

• Enhance healed bone



Remodeling

• Osteoclasts

– Recruited to 

dissolve bone

• Osteoblasts

– Recruited to 

synthesize bone

• Lining Cells

– Reside on surface 

of bone tissue

• Osteocytes

– Reside permanently inside bone tissue

– Long branches sense pressures or cracks and direct 
osteclasts



Mechanobiology

Wolff’s Law:
“Every change in the form and the 

function of a bone or of their function 

alone is followed b certain definite 

changes in their internal architecture, 

and equally definite secondary 

alterations in their external confirmation”

…bone will adapt its 

internal architecture in 

response to external 

constraints and loads.  



Histology



Normal Bone
– Calcium is green. 

– Fat cells in bone marrow 
are white

– Dark Red are other 
bone marrow cells

– Osteoid is new collagen



• Osteoporosis

– Loss of bone 

mass per unit 

volume

– Ratio of mineral 

to organic 

phase 

maintained

Bone Pathologies

– Decreased strength, density, and stiffness

– True osteoporosis is accompanied by fracture

– Bone loss without fracture is osteopenia



Bone Pathologies

• Rickets  
(Osteomalacia)

– Mineralization 

of the matrix of 

the skeleton is 

defective

– Cannot 

metabolize

Calcium or Vitamin D

– Lack of calcium  collagen does not stain “green”

– Decreased strength, density, and stiffness



Questions?


