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Simple X-ray Image



The Hardware

Automatic sample loader

Skyscan 1272
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Sample Holders for the desktop Scanner



Principle of µCT Imaging

X-Ray camera:

X-Ray Source:

Sample:



Principle of µCT Imaging



Result: 3D Image

• Virtual sectioning
• Measure

• Visualise



Steps for getting our µCT Data

-Collect X-ray shadow projections

- Perform cone-beam reconstruction

- Identify area to be measured

- measure architectural parameters in 3D

-Optionally make pretty pictures in 3D visualisation 

software



Main Scanner Settings

1. Resolution/magnification
• Between 0.5-34 µm 

• 5µm fine for mouse trabecular bone

• 10-20 µm fine for rat and human samples

2. X-Ray voltage and current
• Instrument dependent

• For mouse bones 50kV and 200mA

3. Rotation angle stepsize



Effect of Resolution
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Human Bone biopsy at 20 µm



Why not always scan at best quality ?

1. Scantime

• 7 min or >1h per scan

2. Filesize

• 2GB or >30 GB per scan

3. RAM is limited

• Whole dataset needs to be in RAM for 3D analysis

• 5µm dataset takes up 2GB during analysis

• 64-bit windows with 16GB or more RAM helps

4. Analysis speed

• 5 min or overnight per sample



Standard Bone Volume Analysis

1. Select Top and bottom slice

• 200 slices for 1mm bone length

Knee joint

Growth plate 

cartilage



Standard Bone Volume Analysis

2. Separate Trabecular and cortical bone

• By drawing a number of key slices

3. Determine threshold for bone

• Usually around 100

4. Run the Analysis

• Usually done through a saved macro

1. Select Top and bottom slice

• 200 slices for 1mm bone length



Automating Separation of trabecular 
and Cortical Bone

Manual Automatic



Our analysis workflow

• Straighten reconstructed scan in Dataviewer
• Save trabecular and cortical VOI as sub datasets
• Analyse in CTAn using macro

• Use batman to analyse multiple datasets
• Steps in trabecular analysis macro:

• Reduce noise using median filter
• Perform threshold
• Series of operations to identify trabecular bone
• 3D analysis of bone parameters

• Scan+Analysis capacity: 30-40 mouse knees/day



Important Output Data

BV/TV: % Bone Volume

Tb.Th: Trabecular Thickness

Tb.Sp: Trabecular Separation

Tb.N: Trabecular Number

Tb.Pf: Trabecular Pattern Factor

Indicator of trabecular connectivity

Connectivity Density may be better alternative

SMI: Structure Model Index

Indicator of plate<-> Rod-like trabecula
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An Example:

Bone metabolism in nNOS-KO mice

Rob van ‘t Hof, Anna Daroszewska, Lorraine Rose and Stuart Ralston

Paper in preparation



Bone volume and Gender

WT nNOS KO

Female

WT nNOS KO

Male
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Do nNOS-KO mice loose bone after Ovx?

Sham

Ovx



Sham

nNOS KOWT

Ovx-induced Bone Loss is accelerated in 

nNOS KO mice 
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nNOS KO mice are hyper-responsive to 

estrogen
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SQSTM1 and Paget’s Disease of Bone



Paget’s disease of bone

• Common bone disease 

– 3.1% of UK population over 55

• Bone pain, deformity, fractures, 
osteoarthritis

• Focal areas of increased bone 
turnover 

Ob

Fibrosis

Oc

Oc

Oc



Mutations in Sequestosome1 / p62 UBA 
domain are associated with PDB
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p62P394L mice develop Pagetic-
like lesions

L L R

12 months old homozygote

• severe lesion in the left tibia

(µCT)

Daroszewska et al 2011 Hum Mol Gen



Midshaft FemurFemur

P394L p62 knock-in mice develop 
Pagetic-like lesions  

12 month old homozygote

Daroszewska et al. Hum Mol Gen 2011

WT

P394L



In Vivo Systems use a gantry to rotate 

Source and camera

X-Ray Source:

Sample:

X-Ray camera:



In Vivo µCT System: Skyscan 1076



NEW SkyScan 1276:
The ultimate in-vivo X-ray microtomograph



• A 2.5cm long field of view around the knee joint is scanned in vivo at 6µm true pixel 
size in 8 minutes only.

Bone phenotyping in vivo

Left, 3 orthogonal slices through a mouse knee. Right, volume rendered 3D models of a mouse knee
SkyScan 1276, 6µm pixel size, in vivo



15m

18m

10m

18m
ex vivo

Following P394L p62 lesions over time

Daroszewska et al, DMM 2018



Treatment for Paget’s disease

• Main cause believed to be hyperactive osteoclasts
• So: use osteoclast inhibitors!
• Currently most potent osteoclast inhibitor: Zoledronate

• Bisphosphonate base structure
• High affinity for bone



Wild Type P394L ZoledronateP394L Vehicle

Zoledronate prevents Pagetic lesions 
in the p62P394L+/+ mouse

Daroszewska et al, DMM 2018



Measuring bone resorption/formation 

using in vivo µCT

• Mouse knee scanned in vivo @18µm

• Scanned at 4 months and 6 months

• Scans registered in Dataviewer

• Changes analysed in CTAn

Red: No change

White: Bone lost

Blue: Bone gained



PBS Zoledronic acid
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Daroszewska et al, DMM 2018



Our standard scan:
4.5 µm, 0.5mm Al, 0.3°, no binning

Image Noise!

Scantime: 28 min



Improving Signal to Noise:
4.5 µm, 0.5mm Al, 0.3°, 2x2 binning

Downside: Scan time and Reduced field of view.

No Averaging

Scantime: 20 min

2x Averaging

Scantime: 40 min

4x Averaging

Scan time: 1h 20 min



0 255

Vehicle Zoledronate

Long term treatment with Zoledronate 
leads to hypermineralised bone

Daroszewska et al, DMM 2018
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