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Motivation

 Tips for scanning different materials
 High density materials

L d l Low density materials

 Adjusting scan parameters
 E Energy
 Filter
 Integration timeIntegration time
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X-ray attenuation

 Gradual loss of intensity of the X-rays through a medium
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 Depends on:p
 Attenuation coefficient: μ
 Distance through the object: d



Attenuation coefficient  [1/cm]

 Attenuation coefficient changes with material:
 Attenuation coefficient changes with energy:

Attenuation coefficient

Ti

1.00E+02

1.00E+03

m
)

Ti
Bone - cortical
Adipose Tissue
Muscle

1.00E+01

μ 
(1

/c
m

Muscle
Water

1.00E+00

μ

1.00E-01
0.00 20.00 40.00 60.00 80.00 100.00

Energy (keV)



X-ray attenuation

 Low energy X-rays are attenuated more than high 
energy X-rays

 Depending on object thickness/density, spectrum
changes

b h d f beam hardening artifacts

I Iµ(E)

E E
d

E E



Filters

 Filters (0.1 mm Al, 0.5mm Al, 0.1mm Cu) 
 Reduce beam hardening artifacts ( + ) 

R d h l ( ) Reduce the signal ( – ) 

B h d i h i it bl ? Beam hardening – when is it a problem?
 Can influence the segmentation
 When measuring densities When measuring densities
 Especially, when scanning high absorption materials
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Energy settings

 Low energy
 Higher attenuation

L b
less signal more noise

 Lower x-ray beam intensity
 Larger difference in attenuation

 High energy

g

 High energy
 Lower attenuation
 Higher x-ray beam intensity

more signal less noise
Higher x ray beam intensity

 Smaller difference in attenuation
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Signal-to-noise ratio (SNR) 

Same resolution, different SNR
Important to have enough signalImportant to have enough signal



Improving the SNR

 Increase the signal by using:
 Higher energy

M More intensity
 Beware of reduced spatial resolution

 Longer integration time Longer integration time
 Use also image averaging
 More projections

 Binning
 Reduced nominal & spatial resolution
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Scanning high density materials

 Attenuation generally decreases with higher energy
 For high density materials: scan at high energy

Mass attenuation coefficient
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Scanning high density materials

 Coated Ti foam, 14 mm FOV

45 kVp 70 kVp 90 kVp
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High density materials - Energy

 Ti implant in bone, 9 mm FOV
 SNR better with 90 kVp

M d l d l bl 90 kV More detail around implant visible at 90 kVp

k
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High density materials - Energy

 Ti implant in bone, 9 mm FOV
 SNR better with 90 kVp

M d t il d i l t i ibl t 90 kV More detail around implant visible at 90 kVp

70 kV 90 kV
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High density materials – Integration time

Ti i l t i b 9 FOV Ti implant in bone, 9 mm FOV
 Short integration times possible
 SNR improves with longer scan times SNR improves with longer scan times

Integration time: 0 3 ms Integration time: 2 2 s
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Integration time: 0.3 ms
Total scan time: 14 min

Integration time: 2.2 s
Total scan time: 86 min



High density materials - Integration time

Ti i l t i b 9 FOV Ti implant in bone, 9 mm FOV
 Short integration times possible
 SNR improves with longer scan times SNR improves with longer scan times.

Integration time: 0 3 ms Integration time: 2 s
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Integration time: 0.3 ms
Total scan time: 14 min

Integration time: 2 s
Total scan time: 86 min



High density materials - Filters

 Effects on beam hardening

Beam hardening

0.5 mm AlNo filter 0.1 mm Cu
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High density materials - Filters

 Effects on beam hardening
Beam hardening

0.5 mm AlNo filter 0.1 mm Cu
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High density materials - Filters

 Effects on beam hardening

Beam hardening
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Beam hardening correction

 Ti implant in bone, 9 mm FOV
 Use the right beam hardening correction file

PMMA 1200 mg HA
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Beam hardening correction

 Ti implant in bone, 9 mm FOV
 Use the right beam hardening correction file

PMMA 1200 mg HA
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Beam hardening correction

 Ti implant in bone, 9 mm FOV
 Use the right beam hardening correction file
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Tips for scanning high density

 Scan at high energy: 70 kV or 90 kV
 Reduce beam hardening

 Use filters
 Use the right correction file

If i th SNR b If necessary improve the SNR by:
 Increasing the integration time
 Using high intensity (but beware of spatial resolution) Using high intensity (but beware of spatial resolution)
 More projections
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High density materials

 Rule of thumb
 Everything less absorbing than Titanium can normally be

i d if bj t t t limaged if object not too large
 Titanium screws up to ~4 mm in diameter, shape dependent
 Smaller particles of Fe, Cu, Zn create artifacts but do not haveS a e pa c es o e, Cu, c ea e a ac s bu do o ave

to destroy the image, can be possible in alloys.
 Denser materials are in most cases not possible to scan

x



Low absorbing materials

 Against air most materials can be distinguished

Mass attenuation coefficient
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Low absorbing materials in air

 Possible to measure at both high and low energies

6W, 1000 projections/180°, no filter, integration time: 100 ms6W, 1000 projections/180 , no filter, integration time: 100 ms

Energy: 45 kV 90 kVEnergy:    45 kV 90 kV

Styrofoam



Low absorbing materials

 Important to have enough signal to detect small
changes
k /90 kV, 6W, 1000 projections/180°, Integration time: 3s

0 1 mm Cu 0 5 mm Al No filter0.1 mm Cu 0.5 mm Al No filter

Filters reduce the SNR



Low absorbing materials

 Important to have enough signal to detect small
changes

k / l90 kV, 6W, 1000 projections/180°, Filter: 0.1 mm Cu

Integration time: 3 s 15 sIntegration time:    3 s 15 s
Longer integration time increase the signal



Tips for scanning low absorbing materials

 Use air as contrast
 Most energies possible
 Important to have enough SNR to detect small changes

 Use thin filter – beam hardening is generally not a problem
 Long integration time

 Image averaging
 Projections Projections

 Use high tube current (but beware of spatial resolution)



Low absorbing materials

 Hydrogels
 Hydrogels in water – impossible

D d h d l bl Dried hydrogels in air – possible
 Stained hydrogels – possible

 Collagen fibres etc Collagen fibres etc
 Mostly possible against air



Low contrast materials

 The difference in attenuation for adipose and soft tissue
is larger at lower energies.
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Separability - Definition


 Separability:  
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Measurement - Sample

Cube (5x5x5 mm3) with given
mg HA/ccm density

Liquid samples 200 mg HA/ccm

Saline (0.9%)
800 mg HA/ccm

1200 mg HA/ccm ~ Cortical Bone

Clarified butter Cube



Separability and Dose

 vivaCT 40
 @8 Watt (40 – 70 kV)
 Same integration time

 Increasing tube voltage:
 increases dose
 decreases separability



Tips for scanning low contrast

 Use 45 kV tube setting for adipose and soft tissue 
separability

l l Use low resolution
 Averaging reduces noise
 D bl th i l i lt i i d bilit b Double the pixel size results in an increased separability by a 

factor 

 Use high intensity (!Dose)
8

Use high intensity (!Dose)
 Use a lot of projections (!Dose)
 Use long integration time (!Dose) Use long integration time (!Dose)
 More info in:

http://www.scanco.chp //
Technical notes: Adipose vs Soft tissue



Conclusion

 High density materials
 Scan at high energy

U f l d b h d Use filter to avoid beam hardening

 Low absorbing materials
 M th l i t i (if ibl ) Measure the sample against air (if possible)
 Make sure you have enough signal

 Low contrast Low contrast
 Better separability at lower energy
 Adipose tissue – muscles: scan at 45 kVp

 General
 Control your SNR with enough integration time
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