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 HubLE I Methods		
In	vivo	micro-computed	tomography		
analysis	of	the	mouse	tibia		

	

	

	

	
	
	
	
	

	
	
	
	
	

This	HubLE	Method	describes	the	protocol	 for	
quantitative	in	vivo	trabecular	bone	analysis	of	
mouse	 long	 bones	 using	 micro-computed	
tomography	(micro-CT).	 	

	

	

	 Materials	

• in	vivo µCT	scanner		
• Mouse	holders/bed	with	monitoring	
• Anaesthesia	device	
• Powerful	computing	equipment		
• Tools	for	image	registration		
	
Fig.	 1.	 Mouse	 under	 anaesthesia	 positioned	 in	 the	
machine	a	typical	mouse	bed	(A).	3D	reconstruction	of	a	
micro-CT	 scan	 of	 the	mouse	 tibia	 (B)	and,	 after	 proper	
image	registration,	typical	selection	of	region	of	interest	
(ROI)	in	the	proximal	trabecular	bone	(C)	with	related	3D	
reconstruction	(D).	Image	source:	E.	Dall’Ara.	

Method	 Update	

1. Place	 the	 anaesthetized	 mouse	 in	 the	 scanner	
bed	and	secure	the	limb	(Fig.	1,	panel	A)	[Tip	No.	
1	and	No.	2].			

2. Provide	continuous	anaesthesia	during	the	scan	
and	 monitor	 breathing	 rate	 and	 mouse	
temperature	[Tip	No.	3].	

3. Set	the	X-ray	source	at	a	voltage	of	~55kV,	with	
a	 current	 of	 ~145µA.	 Also,	 optimise	
integration/exposure	time	[Tip	No.	4].		

4. For	scans	of	the	whole	or	a	portion	of	the	tibia	
set	the	voxel	size	at	~10µm	and	the	rotation	
step	at	0.4–0.5°	(number	of	projections	at	720-
900)	[Tip	No.	4].		

5. Select	the	region	you	would	like	to	scan	and	
start	scanning	[Tip	No.	5	and	No.	6].		

6. Once	the	scan	has	finished,	remove	mouse	to	a	
recovery	chamber	and	reconstruct	the	images	

7. After	reconstruction,	images	can	be	registered	with	rigid	
image	registration	and	analysed	using	an	analysis	
software	(Fig.	1,	panel	B)	[Tip	No.	7].	

8. Define	a	region	of	interest	(ROI)	in	the	proximal	tibia	
metaphysis	for	trabecular	bone	analysis	(Fig.	1,	panel	C),	
in	the	diaphysis	for	cortical	bone	analyses	[Tip	No.	8].	

9. Specify	the	ROI	using	a	manual	or	semi-automatic	
drawing	tool	at	different	levels	(Fig.	1,	panel	C)		

10. Apply	noise	reduction	filter	(e.g.	Gaussian),	perform	
global	threshold	and	use	a	despeckling	operator	to	
remove	unconnected	speckles	[Tip	No.	9].	

11. Trabecular	and	Cortical	output	parameters	are	calculated	
using	a	3D-analysis	software	[Tip	No.	10].	

12. 3D-models	of	the	ROIs	can	be	visualised	using	a	3D	
visualization	software	(Fig.	1,	panel	D)	[Tip	No.	11].	
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Tips		 Update	

1. Anaesthesia	with	 isoflurane	 is	adequate	 and	 the	mouse	 should	 rest	 quietly	with	 constant	breathing	 rate	and	
remain	unresponsive	to	external	stimuli,	for	example,	absence	of	paw	withdrawal	reflex.		

2. It	is	important	to	firmly	secure	the	limb	to	prevent	motion	that	causes	blurring	and	double	images.	Tape,	plastic	
ties	and	soft	dental	wax	are	radiolucent	and	will	appear	darker	grey	than	the	bone	in	the	microCT	image.				

3. Under	 optimal	 isoflurane	 anaesthesia,	 typical	 respiratory	 rate	 ranges	 between	 40-60	 breaths	 per	minute.	 A	
significant	decline	in	body	temperature	occurs	under	anaesthesia.	Heating	should	be	applied	during	the	scan	to	
maintain	the	mouse	temperature	within	1°C	of	baseline	measures.			

4. The	ionising	radiation	can	affect	the	cell	behaviour	and	therefore	the	bone	structure	in	longitudinal	studies.	For	
every	new	application	major	effects	of	the	radiation	on	the	bone	morphology	should	be	evaluated	by	comparing	
in	the	end	of	the	study	the	properties	of	the	irradiated	and	not	irradiated	bone	(e.g.	you	can	use	an	integration	
time	of	100ms	for	scans	of	the	whole	mouse	tibia).	

5. The	optimisation	of	the	size	of	the	region	to	be	scanned	is	fundamental	for	in	vivo	scans	in	order	to	minimise	the	
scanning	time	and	ionising	radiation.		

6. When	selecting	the	region	to	scan	remember	to	include	some	anatomical	landmarks	as	the	growth	plate	and/or	
the	distal	 tibio-fibular	 joint	 for	 the	standardization	of	 the	analysed	regions.	 Ideally	 the	whole	 tibia	should	be	
scanned	but	the	effect	of	radiation	should	be	verified.		

7. Rigid	registration	is	important	to	evaluate	the	same	region	of	interest	over	time	and	across	different	animals.	
This	step	is	fundamental	for	minimising	the	potential	error	from	the	mismatch	between	the	regions	of	interest	
analysed	in	the	different	images.	Rigid	registration	can	be	performed	with	Scanco	IPL,	Bruker	3D.Suite	or	external	
software	 as	 Amira,	 MeVisLab,	 3Dslicer,	 etc.	 Use	 Lanczos	 interpolation	 to	 reduce	 the	 effect	 of	 the	 image	
registration.	

8. Choose	for	all	the	bone	scans	the	same	ROI	in	the	trabecular	bone	using	as	reference	the	growth	plate	(where	the	
bridge	 formed	across	 the	bone	breaks)	and	 setting	 the	beginning	of	 the	 trabecular	ROI	100µm	distal	 to	 that	
reference.	The	cortical	bone	ROI	should	be	in	the	diaphysis	region	such	as	at	the	midshaft,	computed	as	middle	
section	between	the	most	proximal	and	most	distal	part	of	the	tibia.	Typical	ROIS	size:	1mm.			

9. For	the	analyses	of	in	vivo	microCT	images	it	is	fundamental	to	apply	these	steps	in	order	to	reduce	the	image	
noise.	

10. Main	 trabecular	 and	 cortical	 output	 parameters	 are	 trabecular	 bone	 volume	 fraction,	 trabecular	 thickness,	
trabecular	separation,	trabecular	number,	cortical	area,	cortical	thickness	and	marrow	area.	

11. Use	for	example	CTAn	software,	IPL,	mCT	Ray,	Amira,	or	3Dslicer	software	for	3D	visualisation.	
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