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ntroduction (CT-calibration)
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Chen et al. [Chen 1979]

Minohara grosses Phantom [Minohara 1993]
o Minohara kleines Phantom[Minohara 1993]
o Jékel et al. [Jakel 2001 b]

- Gleichung 2.8

——— Ausgleichgerade von Minohara[Minchara 1993]
(kleines Phantom)

)
-1000

I I I =" = — = I —1 —_———T1 — T
-500 0 500 1000 1500 2000

CT-numbers (HU)



Uncertainties of CT-numbers can be up to 300
HU for bone-like materials. This can lead to
uncertainties in the range of ions (position of
Bragg-peak)
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Changes of the CT-numbers of bone-like materials affect the calibration curve and
cause up to 6 mm change in the range of Carbon ions. Up to 80% of the dose is
allocated to the critical organs.



What influences CT-numbers ?

O Design parameters of the CT-scanner (filters, collimators, generation)
O Voltage of the X-ray tube

O Size of Field of view (FOV)

O Reconstruction algorithms

O Parameters of the scanned object (material of phantom, size,
geometry, homogenity, position in the FOV, movement)

O Artefacts, especially metal artefacts

The dependance of CT-numbers on the above parameters is only known

emprically.



Aim ...

dDevelop a method to calculate CT-numbers under
different conditions.

dAnalyze the effects of measurement conditions on
calculated CT-numbers.

 Estimate range uncertainties due to different
measurement conditions of CT-numbers.



Siemens Emotion CT equipped

Cylindrical phantom from PMMA with a DURA352 X-ray tube.
(16 cm diameter) and Gammex-

RMI substitutes (Middletown, WI).




CT-numbers calculation chain
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Scheme of CT-scanner and phantom
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CT1-part was used to
simulate X-ray source,
filters and collimators. 1010
photons with a given
energy spectrum. 1 week
of CPU time.

CT2-part was used to
simulate phantom and
inserts. 5x108 photons.
Input is PHSP from CT1.
1-3 hrs of CPU time.
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Projections and images
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Input CT-spectra calculated for the Emotion CT-scanner
with DURA352 X-ray tube for 80, 110 and 130 kV

Spectra in the center of FOV

Input spectra

fluence/MeV/incident particle

0.02 004 006 008 0.1 0.12 0.14
energy (MeV)

Spectra at the edge of FOV

6.00E-03

—~
0
=
c
=
Pa)
j <
@
—
b=
o]
—
@
~
0
=
c
>
(e}
o

5.00E-03
4.00E-03
Energy (KeV) 3 00E.03

2.00E-03

1.00E-03

fluence/MeV/incident particle

0.00E+00
0.06 0.08 0.1 0.12

energy (MeV)




‘he effect of filters (Aluminium and Teflon) on the fluence and
mear% energy of the spectrum were investigated using 110 kV
spectrum
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Simulated effects
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Comparison of simulated and measured CT-
numbers

¢ Gammex 80 kV ¢ Gammex 130 kV
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Effect of voltage, phantom size and phantom material on
Carbon range
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Conclusions

It is POSSIBLE to calculate CT-numbers from MC simulation

 The presented method was used to calculate the effects of
different measurement parameters on CT-numbers and Carbon
range

4 It is necessary to improve the effeciency of the MC simulation to
use more than one projection for reconstruction (time needed for
each projection is 1-3 hrs of CPU time) to decrease the
uncertainties of calculted CT-numbers

1 The simulation can not be used to calculate CT-numbers of
irregular or off-center objects
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