
Bone Functions

 Mechanical support

Forces transmission

Protection Of internal 
organs
Mineral homeostasis

Hematopoiesis

Bone structure 

Matrix

osteoid 35% minerals 65%

organic type I 
collagen and
glycosaminoglycans 
& other proteins

Cells

 Inorganic 
hydroxyapetite 
[Ca10(PO4)6(OH)2]

Osteoblasts Osteoclasts Osteocytes
forms bone resorbs bone mature bone 

cells

Types of bones

Woven bone lamellar bone

Depending on the arrangement of matrix

- Seen in young children and 
some diseases
- more cellular, the trabeculae is 
wider
- The arrangement of collagen 1 
and cells is haphazard 
disorganized appearance

- Seen in adults
- Less cells
- Mature, more collagen (stronger)
- The arrangement of collagen 1 
and cells is more linear (regular 
arrangement)

- Smaller in size
- nuclear/cytoplasmic 
ratio a little bit high
- 1 nucleus seen

- bigger in size
- each one can have 
100-500 nuclei(multi-
nucleated giant cells)

DEVELOPMENT of bones

LONG BONES FLAT BONES
Endochondral ossification Intramembranous 

ossification 

Young bone which is being 
converted into mature one 
by endochondral 
ossification 

HOMEOSTASIS & REMODELING

Definition:- Continuous and dynamic complex process even
in adult mature skeleton (microscopic level)

 Peak bone mass is reached in early adulthood
after completion of skeletal growth

on 4th decade—> Resorption > bone formation 

Osteoclasts differentiation 

+++ - - -

- PTH
- IL-1
- Steroids

- BMPs (bone 
morphogenic
proteins)
- Sex hormones 
(estrogen & test

Congenital disorders

DYSOSTOSIS DYSPLASIA
- Abnormal condensation &
migration of mesenchyme
-Genetic abnormalities of
homeobox genes, cytokines
and its receptors

Aplasia
Absence of bone formation

Supernumerary digit
Additional digit

Syndactyly
Fusion of digits and toes

craniosynostosis
Abnormal formation of the 
skull&suture line maturation 

Achondroplasia
(dwarfism)”most
common”

• Mutations in FGFR3
• No impact on
longevity, intelligence
or reproductive
status

THANATOPHORIC
DYSPLASIA

• Most common lethal 
form of dwarfism
• FGFR3 mutations
(different from 
Achondroplasia)
• Die at birth or
shortly after (small
chest leading to 
respiratory 
insufficiency

Osteogenesis 
imperfecta

• Most common inherited
disorders of connective
tissue
• Group of disorders; 
Autosomal Dominant ;
deficiency of type I collagen 
synthesis
• Too little bone; fragility
• Blue sclera; hearing loss; 
teeth abnormalities
• Type 2 (lethal) and type I
(relatively normal life)

OSTEOPETROSIS

• Marble bone disease 
“stone bone” (group of 
disorders); rare
•underlying cause:- 
Impaired osteoclast 
function: reduced bone 
resorption leading to diffuse 
sclerosis
•Diagnosis:-  X-ray
• can cause Fractures and 
leukopenia in severe forms

Metabolic disorders

OSTEOPETROSISOsteopenia
decreased bone 
mass (1-2.5 SD
below the mean)

Osteoporosis
- severe osteopenia; > 2.5 SD
below the mean with increase 
risk for fractures
- Generalized (much more 
common) or localized

PRIMARY OSTEOPOROSIS
>>Much more common
>>Senile (aging) & 
postmenopausal

Secondary OSTEOPOROSIS
>>Much less common
>>Hyperthyroidism, 
malnutrition, steroids

Peak bone mass => decrease => lead to osteoporosis 
Because of 

Physical activity Genetic factors Nutrition

MENOPAUSE
• Decreased serum estrogen
• Increased IL-1, IL-6, TNF 
levels
• Increased expression of 
RANK, RANKL
• Increased osteoclast activity

AGING
• Decreased replicative 
activity of osteoprogenitor cells
• Decreased synthetic activity 
of osteoblasts
• Decreased biologic activity of 
matrix-bound growth factors
• Reduced physical activity

Osteoporotic vertebral body (right) 
shortened by compression fractur.

Bone trabeculae 

Normal bone : Osteoporosis

Thicker bone trabeculae Thinner bone trabeculae 

OSTEOPOROSIS
CLINICALLY

PREVENTION AND
TREATMENT

• Vertebral fractures
• Femur and pelvic fractures: immobility,
PEs, pneumonia (40-50K death/yr in
USA)
• Diagnosis: special imaging technique,
bone mineral density (BMD scan): dual-
energy X-ray absorptiometry (DXA or
DEXA scan) or bone densitometry

• Exercise
• Calcium & vitamin D
• Bisphosphonates: reduce osteoclast
activity and induce its apoptosis
• Denosumab: anti-RANKL; blocking
osteoclast activation (new, expensive and potent)
• Hormones (estrogen): risking DVT and stroke


