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BONE	DEVELOPMENT		

	Bone	histogenesis	[bone	development]	=	a	process	of	formation	and	development	of	bone	tissue	that	
starts	in	the	late	embryonic	period	(	around	10	weeks	of	pregnancy	)		and	continues	through	adulthood.			

Bone	formation	happens	by	2	mechanisms	:	

1- Intramembranous	ossification	:	starting	from	CT		
2- Endochondral	ossification	:	starting	from	cartilage		

INTRAMEMBRANEOUS	OSSIFICATION:		

1- flat	bones	(	skull	+		parts	of	occipital	+	mandibular	&		maxillary	bones	)	develop	by	this	mech.	
2- It	contributes	to	the	growth	of	short	bones	and	thickening	(	widening	)	of	long	bones		
3- Occurs	in	embryonic	mesenchymal	CT	cells	,	which	are	connected	to	each	other	and	form	a	

membrane	–	like	structure.	
4- Mesenchymal	cells	condense	and	multiply	in	an	area	that	is	rich	with	BVs	(	primary	ossification	

center	)	–	some	of	these	cells	can	differentiate	to	osteogenic	cells	(	primitive	bone	cells	)	->	
develop	into	osteoblasts	.	

Mechanism	of	development	:		

1- Osteoblasts	secrete	(	pre-	bone	)	boen	matrix	that	gradually	calcifies	.	
2- Thses	cells	become	surrounded	and	trapped	in	bone	matrix	->	osteocytes		
3- Newly	formed	bone	cells	ggregate		&	secrete	bone	matrix	->	forms	islands	of	primary	bone	(	

woven	bone	)	
4- Woven	bone		is	quickly	formed	in	islands	called	spicules		
5- The	spicules	enlarge	&	they	are	joined	together	to	form	a	trabecular	network	.		

	

NOTE	:	
• mesenchymal	cells	are	found	in	the	developing	CT,	they	can	differentiate	into	fibroblasts	to	

make	periosteum	,	or	preosteoblast	cells	(	osteogenic	)	to	become	osteoblasts.	
• Stem	cells	=	osteogenic	=	undifferentiated	mesenchymal	cells		
• Primary	ossification	center	=	the	first	bone	that	forms	after	the	mesenchymal	cells	secrete	

prebone(	osteoid	)	and	mineralize	it	.	
• Both	trabecules	and	spicules	give	the	general	shape	of	developing	bone	.	
• Osteoclast	are	found	on	the	surface	of	developing	bone	for	bone	remodeling	.	after	bone	

resorption	by	osteoclast	,	bone	is	formed	by	osteoblasts	.	
• The	islands	are	formed	by	trabecules	+	spicules		connected	together	,	which	will	give	spongy	

bone	,	in	between	the	spicules	,	bone	marrow	fills	the	spaces	.		

Woven	(	immature	bone	)	:	 Lamellar	bone	(	mature	bone	)	
Random	orientation	of	it’s	collagen	fibers		 Collagen	fibers	arranged	in	concentric	lamellae	
Highly	cellular		 Less	cells	

Limited	degree	of	mineralization			 More	mineralized	
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• In	the	developing	skeleton	the	first	bone	tissue	is	laid	down	as	non-lamellar	primary	(	
immature	or	woven	bone)		->	which	will	be	replaced	by	layered	or	lamellar	bone	
(secondary	or	mature	bone	)		

• Spongy	bone	is	opposite	to	compact	bone	while	woven	bone	is	opposite	to	lamellar	
bone.	

• Most	of	compact	bone	and	cancellous	bone	in	the	adult	human	skeleton	is	made	of	
lamellar	bone	.	

Q:	how	does	the	skull	grow	in	size	?		

A:	the	growing	brain	inside	the	skull	puts	pressure	on	the	bone	for	growth		,	resorption	on	
the	inside	&	deposition	of	bone	on	the	outside.		

ENDOCHONDRAL	OSSIFICATION	:		

1- Formation	of	short	&	long	bones		
2- Occurs	within		a	piece	of	hyaline	cartilage	that	resembles	a	model	of	the	future	bone		
3- The	mode	grows	in	length	and	width	during	the	ossification	process		
4- In	the	middle	of	the	shaft	a		bone	collar	(	the	area	that	becomes	mineralized	)		is	

formed	and	the	perichondrium	is	now	called	periosteum	.	
5- BVs	+	osteogenic	cells	of	the	periosteum	invade	the	space	in	the	middle	of	the	model	->	

makes	the	primary	ossification	center	.	
6- The		primary	ossification	center	expands	up	and	down	with	elongation	of	the	bone	

collar.	
7- A	secondary	ossification	center	forms	at	the	center	of	each	epiphysis	,	this	center	

grows	radially	.		

NOTE	:		

• perichondrium	=	periosteum	(	there	is	no	histological	difference	)		
• Epiphyseal	growth	plates	are	the	plates	b/w	the	secondary	and	the	primary	ossification	centers		

Q:	Why	adult	bone	has	no	epiphyseal	plates	?		

A:	because	longitudinal	growth	stops	at	20	YO	after	that	all	the	cartilage	is	replaced	by	bone	
except	articular	cartilage,	but	not	all	bones	ossify	at	the	same	time.	One	hand	might	be	
slightly	longer	than	the	other	but	this	difference	is	insignificant	clinically.		

• Cartilage	is	replaced	by	bone	except	articular	cartilage	(	persists	through	life	)	and	in	the	
epiphyseal	plate	(	connecting	b/w	epiphysis	and	diaphysis	)	

EPIPHYSEAL	PLATE	(	Metaphysis	)		:		

1- area	found	b/w	the	diaphysis	and	epiphysis		
2- responsible	for	bone	growth	due	to	interstitial	growth	of	the	hyaline	cartilage		
3- gradually	replaced	by	bone	(mainly	from	the	primary	ossification	center	)		
4- no	further	growth	in	length	for	adults	takes	place	after	the	growth	of	the	epiphyseal	

plate	stops.	
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Epiphyseal	growth	plate(	where	cartilage	is	removed	an	bone	is	formed	)	is	marked	by	5	main	zones	:		

1- resting	zone	:	chondrocytes	resting	not	dividing	(	act	as	a	reservoir	–							
they	will	divide	when	needed	)																																																																																																

2- proliferative	zone	:	chondrocytes	divide	and	arrange	themselves	in	
columns.	

3- hypertrophic	zone	:	chondrocytes	enlarge	due	to	lack	of	nutrients	and	
then	they	die		

4- calcified	cartilage	zone	:	when	chondrocytes	die	they	leave	a	space	(	
mineralized	cartilage	)	

5- ossification	zone		

	

Q:	how	do	long	bones	grow?		

• Bone	lelongation	:	endochondral	ossification		
• Bone	widening	:	intramembraneous	ossification		

Q:	how	do	flat	bones	grow	?	

A:intramembraneous	ossification	only			

Q:How	can	you	check	wether	a	child	is	still	growing	?	

A:	no	epiphyseal	plate	,	hyaline	cartilage	has	been	replaced	by	bone	,	growth	stops	

• In	bone	there	is	no	interstitial	growth	since	the	matrix	is	calcified	(	no	inner	growth)	only	
appositional	growth	by	the	periosteum	.(	new	layers	are	formed	under	the	periosteum	)	

• Changing	stresses	on	bone	(	lamellar	bone	is	replaced	continuously)	->	re-alignment	of	
haversian	systems	in	compact	bone	and	formation	of	interstitial	lamellae	.	
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Fracture	repair	in	bone	:	(	similar	to	bone	formation	in	long	bone	–	intra	membranous	+	endochondral	
ossification	)		

	

1. Bleeding	occurs	due	to	ruptured	blood	vessels	in	the	periosteum			
2. Blood	clots	contain	undifferentiated	cells	(	which	can	differentiate	to	chondrocytes	->	That	will	

form	hyaline	cartilage	)	
3. Hyaline	cartilage		if	kept	without	pressure	it	will	mineralize	and	become	harder	(	primary	formed	

bone		o	callus	which	is	mineralized	bone	over	the	cartilage	–	same	as	endochondral	ossification		
4. This	primary	bone	is	unorganized	,	so	it	takes	time	for	this	bone	to	be	resorbed	and		replaced	by	

secondary	bone	.	
5. cycles	of	bone	modelling	and	remodeling	until	we	have	full	healing	of	the	broken		bone		
• bone	heals	without	scar	formation		
• the	beginning	is	intramembranous	ossification	since	it	starts	from	the	CT	(	periosteum	)	,then	

in	later	stages	it	becomes	endochondral	ossification	.		
• if	the	fracture	is	not	stable	,	we	will	never	get	fully	healed	bone	,	it	will	remain	as	cartilage	.		

	


