


DOSE
Merriam-Webster dictionary definition states: the quantity of 
radiation administered or absorbed.



Absorbed dose
Effective dose

Skin dose
Organ dose



• DLP (CT, mGycm), DAP (X-ray, 
Gycm2) to effective dose (mSv)

• Missing patient specific details:

• Body size / organ size, gender, 
age

• Missing protocol settings: X-ray 
spectra, angles, field sizes

• Monte Carlo simulations

• Adaptable to real-life 

• Patient specific

• Protocol settings: X-ray 
spectra, field size, angels, 
anode, focal spot

Accuracy?

As individual dose the main 
uncertainties stems from the 
Linear-Non-Threshold model : 
40% Vano E et al 2021 Insights into imaging



Effective dose
Organ dose





• The organ dose value must be related to the software used and to the scan region set.
• Dose coefficients in literature do not always represent conditions in clinical practice.
• Some SW are no influenced by scanner model, collimation, pitch.
• Variations realated to kVp is lower than that due to the use of different software.

European Radiology 
Experimental 2020



• Risk for deterministic effect.

• Skin reactions.

• Only for interventional 
applications (CT perfusion if 
something is seriously wrong with 
the scanner or protocol) “In the rare case of significant 

contribution of weakly-penetrating 
radiation to external dose”



• For radiation therapy ? 

• YES

• For diagnostic imaging? 

• In general No! 

• Only when effective doses indicates that there can be a tissue 
reaction! Aftermath  of an accidental release.



Determination of total filtration (TF) and 
tube specific dose factor (DF)

Recording protocol parameters

“Effective dose is not the best 
quantity for making comparisons 

between doses for the same or 
similar techniques applied in 

different departments…”

They suggest DAP / CTDIvol

DAP is not calibrated for typical
X-ray spectra



Model

Record applied filtration, focal 
spot size, mAs, kV, SID and SPD

Best fit between 
measurement and 
theory –determine 

DF and TF.

Patient protocolX-ray SPECTRUM

Parameterization (TF, Cu-filtration, focal 
spot (DF), mAs, kV, phantom thickness, 

SID, SPD)
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Determination of total filtration (TF )and dose factor (DF)

Recording protocol parameters





CT Dose

Effective 
dose (mSv)

CTDI 
(mGy)

CTDIw SSDE

DLP 
(mGycm)

CTDIvol



CTDIw

CTDIvol

SSDE

Measuements in phantom
with diameter:
32 cm (body)
16 cm (head)

Exam: Computed Tomography Dose Index (CTDI) - The Imaging Physicist

https://theimagingphysicist.com/ctdi/
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X-ray 
Spectrum 1

X-ray
Spectrum 2

Virtual monoenergetic 
images (VMI)

OR
DE Composition images



𝑀𝑖𝑥𝑒𝑑 𝑖𝑚𝑎𝑔𝑒 𝐷𝐸 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 = 𝑤 ∙ 𝐴 + (1 − 𝑤) ∙ 𝐵

𝐷𝐸 𝐹0.6 = 0.6 ∙ 𝐴 + 1 − 0.6 ∙ 𝐵

𝐷𝐸 𝐹 − 0.5 = −0.5𝐴 + 1.5 ∙ 𝐵Detector  A 
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→ 𝑀𝑒𝑎𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 ≈ 74 𝑘𝑒𝑉

→ 𝑀𝑒𝑎𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 ≈ 118 𝑘𝑒𝑉



0.6 iMAR Qr59d

70 keV 

-0.5  iMAR Br59d 

110 keV 150 keV

0.0 iMAR Qr59d -1  iMAR Qr59d 

ROI placement

74 keV 94 keV 118 keV 138 keV 



0.6 iMAR Qr59d

70 keV 

-0.5  iMAR Br59d 

110 keV 150 keV

0.0 iMAR Qr59d -1  iMAR Qr59d 

ROI placement

74 keV 94 keV 118 keV 138 keV 

116 HU 85 HU 79 HU

121 HU 90 HU 72 HU 39 HU



Increasing  recursive filtration
842

Increasing lag

Reducing  noise

Konst B, Nøtthellen J, Nalum Naess S, Båth M. J Appl Clin Med Phys. 2021 Jan;22(1):281-292. 



Mean pixel value Standard deviation
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Do we need it for diagnostic imaging?

Digital twin + Monte Carlo 
= Patient dose

So long happy with absorbed dose!



IPEM Report 113 2024



• Why is 20 cm reference thickness X-ray imaging, and 32 cm 
for CT imaging?

• Accuracy of Effective dose from conversion factors versus 
SoftWare based on Monte Carlo simulations?

• We never need individual doses in diagnostic imaging –
except pregnant if multiple (10 or more ) CT examinations…?

• Consider both dose and image quality (dose applied in image).

• CTDIvol is for 32 cm PMMA phantom:

• Patient larger: dose overestimated

• Patient smaller: dose underestimated

• Use SSDE instead of CTDIvol

Effective dose by MC as individual 
dose

Effective dose to compare modalities

Organ dose if effective dose is HIGH

Skin dose if significant contribution 
of weakly-penetrating radiation

Absorbed dose to compare 
protocols /similar systems



bente.konst@liu.se
 bente.konst@siv.no

CMIV
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