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Bone Growth & Development

• Enchondral bone formation
– 1o center of ossification 

=> diaphysis

– 2o center of ossification 

=> epiphysis

• Intramembranous formation

=> cranium

https://opentextbc.ca/anatomyandphysiology/chapter/6-3-bone-structure/



Function & Structure of Bone

Mechanical function :

• Protection, maintain body 
configuration, mobility

Metabolic function :

• Reservoir for Ca2+, PO4, HCO3.

Support hematopoiesis



Normal Skeletal system

Structure of bone

– Cortex / Medulla

– Compact / 

Cancellous, 

Trabecular

Orthopaedic pathology, Peter G. Bullough. 5th ed. 2009/



Bone Matrix

- Organic

- Osteoid

- Other : proteoglycans

- Inorganic

- Calcium hydroxyapatite [Ca10(PO4)6(OH)2]

- Mg, Na

Bone Cells

- Osteoblast => Osteocyte

- Osteoclast



Routine Pathology Study
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Medulla



Orthopaedic pathology, Peter G. Bullough. 5th ed. 2009/



Unmineralized Bone Study



HE stain, 
unmineralized bone, plastic embedded



Masson Goldner stain, 
unmineralized bone, plastic embedded



von Kossa stain, 
unmineralized bone, plastic embedded



HE Goldner von Kossa

Osteoid Pale eosinophilic Red Red 

Mineralized bone Eosinophilic Green Black



OSTEOBLAST



OSTEOCLASTS



Bone Modeling & Remodeling

• Bone modeling (bone growth), 2 types, 
longitudinal & appositional.

= bone formation & resorption occur in 
different place.

• Bone remodeling 

= bone formation & resorption occur at a 
same specific site of bone surface. 



Robbin and Cotran pathologic basic of disease, ninth edition



• Quiescence

• Resorption

• Reversal

• Early 
Formation

• Late 
Formation

• Quiescence

Bone Remodeling Cycle



Cortical bone Trabecular bone

Resorption 2 4

Formation 8 16

Quiescence 90 80



Bone Balance & Bone Turnover

• Remodeling 

(replacement of old bone by new bone) 
• Minerals homeostasis

• Maintain integrity

• Change bone structure for response to load bearing

• Renew rate/year : 
• 3% of cortical bone, 

• 25% of cancellous bone

• Bone turnover 

= rate at which the skeleton is renewed. 



Calcium metabolism
Parathyroid hormone

Vit.D



OSTEOMALACIA

• Mineralization defect

• Mineralization : vit D, Ca, PO4, Alk P. 
(Toxic substance : Al, Fe, F)

• Tumor induced osteomalacia, 
– Fibroblast Growth Factor 23 (FGF23), phosphatonins. 

• Phosphaturic mesenchymal tumor (PMT) 
= a rare mesenchymal tumor, cause hypophosphatemic

hyperphosphaturic osteomalacia due to increased secretion of 
FGF23





200x



<= 
Looser zone = Pseudofracture : 
Unmineralized osteoid

Cortical thinning =>

Milgram JW.  Radiologic & histologic pathology of nontumorous diseases of bones & joints. 1990.



HYPERPARATHYROIDISM

Hyperparathyroid bone disease
Etiology

Primary hyperparathyroidism [Parathyroid 
adenoma, Parathyroid carcinoma, Parathyroid 
hyperplasia (MEN 1 or 2A)]

Secondary hyperparathyroidism (in CRF)

Tertiary hyperparathyroidism  (after longstanding 
secondary hyperparathyroidism)

Parathyroid hormone-related peptide (PTHrP):    
Lung cancer (SCC), breast cancer



Parathyroid gland

Stevens A.  Pathology. 2nd ed, 2000.



• Superior pair - from 4th branchial pouches 

• Inferior ones - from 3rd branchial pouches

• Number: 4 (1-12)

• Color: dull yellow-brown

• Size: [3-6] x [2-4] x [0.5-2] mm (> 6 mm 
abnormal )

• Weight: 30 mg/gland (> 60 mg abnormal)

• Percent fat: 0-50%

NORMAL PARATHYROID GLANDS



Parathyroid hyperplasia

Parathyroid adenoma



Parathyroid carcinoma



Atrophic remaining 
parathyroid tissue

Parathyroid adenoma



Monotonous chief cell proliferation



Parathyroid hyperplasia
Multinodular proliferation



Polymorphous cell



Parathyroid carcinoma
Encapsulated area



Capsular invasion



Vascular invasion



HYPERPARATHYROIDISM

Hyperparathyroid bone disease

Results

Bone - Release calcium from bones into the 
bloodstream (increases bone destruction / 
decreases bone formation)

Kidney - Reduces loss of calcium in urine.





osteoclastsosteoblasts

Thick osteoid

Fibrosis

Hemosiderin



Brown tumor
/ Osteitis fibrosa cystica (OFC)



RENAL OSTEODYSTROPHY

Changes in bone microstructure, occur in renal failure.

Pathophysiology
Inadequate renal tissue 

=> inadequate production Vit D 

=> osteomalacia

Hyperphosphatemia

=> inh Vit D formation 

=> osteomalacia

=> hypocalcemia

=> 2o hyperparathyroidism



Secondary hyperparathyroidism 

Bullough PG.  Atlas of orthopedic pathology.  2nd ed,  1992.



Aluminum accumulation

Bullough PG.  Atlas of orthopedic pathology.  2nd ed,  1992.

Osteomalacia



OSTEOPOROSIS

A disorder characterized by 

decreased bone mass 

& increased susceptibility to fractures

Peak bone mass

(Primary) osteoporosis:- senile, post-menopausal

Risk factors





Normal bone                           Osteoporosis














