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X-ray spectra at different tube voltages
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X-ray spectra at different tube filtrations
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X-ray spectra at different tube currents

0

50000

100000

150000

200000

250000

300000

0 10 20 30 40 50 60 70 80 90

Photon energy, keV

P
h

o
to

n
 p

e
r 

m
m

2
 a

t 
7
5
0
 m

m

1 mAs

2 mAs

3 mAs

4 mAs

5 mAs

Average energy 44.3 keV



October 2012European School of Medical Physics  - Archamps7

X-ray spectra, what happens with “average photon energy 

(color)” and “intensity (brightness)”

Spectrum, average  

photon energy “color”

Spectrum, number   

photons per energy 

interval “brightness”

Tube voltage    
↑ ↑

Filtration    
↑ ↓

Tube current    no effect
↑
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Attenuation of X-rays

• Interaction between X-rays and tissues generates an ‘X-ray 

shadow’

• Interaction mechanism:

• Coherent scatter

• Photo-electric effect

• Compton effect

• Interaction depends on:

• Thickness (cm)

• Density (ρ; g/cm3)

• Atomic composition (Zeff)

Note. Coherent scatter and compton effect generate scattered radiation
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Interaction between X-rays and elements (substances)

Note: mass attenuation coefficient (μ/ρ)
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Interaction between X-rays and tissues 
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ρ 0.95  /  Zeff 6.5
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ρ 1.06  /  Zeff 7.6
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ρ 0.30  /  Zeff 7.7
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Note: ρ in g/cm3
Note: linear attenuation coefficient (μ) is a 
measure for attenuation per unit of tissue thickness: 
I = e-μx
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X-ray radiographs



October 2012European School of Medical Physics  - Archamps13

X-ray radiographs, film-screen radiography
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Digital X-ray radiography
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Soft-copy reading

Digital archiving and distribution
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X-ray radiography

• Projection

• Static

• Tube voltage 50-90 kV
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X-ray spectrum (80 kV) & transmission
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Chest radiography: high tube voltage & copper filter
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X-ray spectrum: general radiology vs chest radiology
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Chest radiography

Tube voltage: 140 kVp

Filtration: 3 mm Aluminium 0.2 mm 

Copper

Mean photon energy: 69 keV
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Transmission: general radiology vs chest radiology
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100%50%25% 150% 225% 300%

Relative intensity (mAs)
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Differences in intensity (mAs)

100%50%25% 150% 225% 300%

Conventional film-screen chest radiography

Digital chest radiography
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100% 50%

25% 12%
1b

Dose-reduction
and diagnosis

Dose and image quality: digital systems 

“optical density” is constant
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100%
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Digital: intensity (mAs) has impact on noise
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Low intensityLow intensity High intensityHigh intensity

Digital: intensity (mAs) has impact on noise
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Roentgen Stereophotogrammetric Analysis (RSA)

A schematic drawing of the stereo X-ray 

setup for the exposure of the left and 

right parts of the radiograph, needed for 

the RSA procedure. A calibration box 

with  fiducial markers is used.

A RSA stereo-radiograph of the Interax total 

knee prosthesis. A large number of calibration 

markers, bone markers, and prosthetic markers 

are clearly visible in the radiograph.

At the Leiden University Medical 

Center an RSA-based technique was 

developed and used to measure the 

micromotion of hip-, knee-, and elbow-

prostheses.
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Roentgen Stereophotogrammetric Analysis (RSA)

Drawing showing the general locations of 

the tantalum-ball markers (circles) in the 

left tibia and in the tibial polyethylene 

bearing insert.

Analyzed RSA radiograph of a knee

The maximum errors in the computed 

translation and rotation were 0.11 mm 

and 0.24°
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Mammography
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X-ray spectrum mammography: very low X-ray energy
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Mammography

Tube voltage: 32 kVp

Filtration: 0.030 mm Molybdenum

Mean photon energy: 17 keV 
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Transmission

Low Normal High

Contrast

Low Normal High

X-ray spectrum mammography: very low X-ray energy
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OrthoPanTomography (OPG)

About 70-80 kVp
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OrthoPanTomografie (OPG): rotation, slit
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OrthoPanTomography (OPG)
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Cone-beam CT for dental applications
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Breast tomosynthesis
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Breast tomosynthesis


