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https://www.linkedin.com/company/chuv-¦-service-de-radiodiagnostic-et-radiologie-interventionnelle – Background image



Dosimetry needs, objectives and requirements

Medical exposure is by far the largest contributor to the population’s exposure worldwide (man-made) with strong regional/continental variations

It is a deliberate, thoughtful, justified exposure – on which there is room for improvement.

The benefit of medical x-ray imaging is indeed undeniable

both for clinical diagnostic purposes & guiding interventional procedures

 Dosimetry is the way to evaluate/quantify the exposure to ionising radiations

and a useful & powerful (although not perfect) tool to optimise the exposure for the best clinical objectives

Although we observe a clear improvement over the past decade in terms of dose for given examinations, dosimetry survey remains a major concern.

Use of ionising radiation in medicine is still growing 

New technologies are continuously emerging to improve task-based image quality (often) with limited exposure

However, we observe that the number of examinations keeps growing 

that the complexity of procedures often lead to higher exposure

that there is a growing use in developing countries



The goals of the quality assurance are: 

— the establishment of the exposure level / dose value

— comparison with the baseline value established for the same unit or with the value of the parameter established for another unit.

The expected/required accuracy & uncertainty of the dose measurements is not the same for those two objectives.

Dosimetry needs, objectives and requirements



Dose value:

Reported exposure level (i.e. reported dose values) in x-ray imaging are low and the uncertainty in the associated risk is high
An accuracy of ~20% can be accepted for risk assessment.

However, special concern for interventional procedures where skin exposure may lead to tissue effects.
An accuracy of ~7% is typically accepted for risk assessment

Comparison
An accuracy of ~7% is appropriate

Special cases:
special care is given in case of exposure of the foetus / young children
An accuracy of ~7% is appropriate

Dosimetry needs, objectives and requirements

Journal of the ICRU Vol 5 No 2 (2005) Report 74

doi:10.1093/jicru/ndi018



https://www.bag.admin.ch/bag/fr/home/gesund-leben/umwelt-und-gesundheit/strahlung-radioaktivitaet-schall/strahlenanwendungen-in-der-medizin/strahlendosen-in-der-medizin.html

Total X-ray medical imaging, effective dose of 1.4 mSv
Radiation Protection Dosimetry (2021), pp. 1–7 doi:10.1093/rpd/ncab012

The exposure level to ionising radiation in x-ray imaging is low



Imaging guided procedures

Deterministic effects

France Switzerland

https://www.youtube.com/watch?v=Ll52qyTOQq0

Skin dose monitoring is an important challenge & major current concern

Interventional radiology is a medical specialty which provides minimally invasive image-guided diagnosis and treatment of disease

Source: https://www.houstonmethodist.org/imaging-radiology/interventional-radiology/

Recommended article



Dose Image quality

Protocol optimisation Task-based clinical validation

The evaluation of the exposure to ionising radiation is a powerful tool to optimise the image acquisition protocols for the best clinical objectives for a 

given technology

Optimisation of the acquisition protocols / image reconstruction parameters does not systematically means reduction of the radiation exposure.

Dosimetry needs, objectives and requirements

Beyond this talk although crucial in the optimisation process : Role of emerging IA 

(which started with iterative reconstruction algorithms) in radiology.

A grand challenge for everyone!



Dosimetry in medical imaging is in a way similar to the interest one has in the 

effects of the ionising radiation. 

All depends on what you’re interested in and the metrics (or quantities) one 

will use must be adapted.

Effects can be investigated on:

— Molecular level

— Cell level

— Tissue / organ level

— Human body level

— Population level 

— Epidemiology

Dosimetry can be seen or investigated on different levels:

— Population’s exposure due to medical applications

— Evaluation of the exposure due to a new imaging modality

— Comparison of modalities/protocols

— Individual exposure / individual risk assessment

— Specific organ / tissue exposure

Radiation Quantities in Medical Imaging must be adapted to the objective



Behind the notion of accuracy for the dose measurements (and beyond the scope of this talk), lies the question of calibration and understanding of the measurements 
themselves when done by the final/local users.

— Traceability of the measurements 
— Knowledge and understanding of the standard reference conditions of the calibration procedures
— Beam qualities for which instruments are calibrated (and thus associated correction factors)

— ex. organ dose in radiology is often measured by TLD pellets in phantoms
— Most measurements do require correction (energy, material , …) depending on calibration conditions.
— “No correction” may be acceptable for relative comparison but is scientifically wrong.

TLD pellet calibrated in air kerma for N-80 beam quality

 the interpretation of the measured values is not always sharp and often poorly 
documented in most peer-reviewed articles

Dosimetry needs, objectives and requirements



https://en.wikipedia.org/wiki/Effective_dose_(radiation)

Dosimetry quantities

Basic quantities are fundamental quantities defined in ICRU 60



— Radiology air Kerma, Dose-Area-Product (DAP) and skin dose
— Interventional procedures/scopy DAP
— CBCT DAP
— CT CTDI (Specific Size Dose Estimate) & DLP

— Mammography mean glandular dose (calculated based on air kerma)

Based on those quantity, we calculate the effective dose and/or skin dose

Basic physical quantity for the quality assurance is air kerma (free-in-air)

Relevant quantity is absorbed dose

Dosimetry quantities



https://www.iaea.org/resources/rpop/health-professionals/nuclear-medicine/diagnostic-nuclear-medicine/diagnostic-reference-levels-in-medical-imaging

Quantity Recommended

symbols

Recommended

unit

Closely similar quantity

Entrance surface air kerma Ka,e mGy Entrance-surface dose (ESD)

Incident air kerma Ka,i mGy

Incident air kerma at the

patient entrance reference point

Ka,r Gy

Air kerma-area product PKA mGy.cm2 (radiography and dental)

Gy.cm2 (fluoroscopy)

Dose-area product (DAP)*

Volume

computed tomography dose

index

CTDIvol mGy Volume CT air kerma

index (Cvol)

Dose-length product DLP mGy.cm Air kerma-length product 

(PKL)

Mean glandular dose DG mGy

Quantities suitable for setting DRLs



Notice OFSP: R-10-01 Contrôle de l’indicateur du produit dose-surface 

kinetic energy released per unit mass

Exactitude de l’indication du produit dose-surface : 30%



applying inverse 

square law 

correction 

enabled by table 

position data

applying Monte 

Carlo simulated 

backscattering from 

a water volume

applying Monte 

Carlo simulated 

mass-energy 

absorption ratios

Apply patient support 

table/pad correction 

from transmission 

measurements at 

different tube voltages 

and beam filtration.

https://epos.myesr.org/posterimage/eurosafe/eurosafeimaging2020/156254/mediagallery/854054



Projection radiography

Entrance skin dose

ESD

Patient’s exposure

ESD is a useful quantity, easy to measure but poor indicator of 

radiation risk as it does not account for tissue sensitivity, penetration 

and area of the x-ray beam.

Used for DRLs and good indicator benchmark for the optimisation of 

the acquisition protocols.

Radiation quantity : Dose-Area-Product (DAP) 



Patient’s exposure

Entrance skin dose

Projection radiography

Radiation quantity : Dose-Area-Product (DAP) 



Dental radiology

Extract from film : https://www.fireflydentistry.com/services/dental-technology/cone-beam-3d-imaging/

https://www.bag.admin.ch/bag/fr/home/gesetze-und-bewilligungen/gesuche-

bewilligungen/bewilligungen-aufsicht-im-strahlenschutz/informationen-fuer-

medizinische-betriebe/diagnostische-referenzwerte-im-strahlenschutz.html

Radiation quantity : Dose-Area-Product (DAP) 



D R Dance et al 2000 Phys. Med. Biol. 45 3225 

From air Kerma to Mean Glandular Dose

Equipment setup for (a) mean glandular dose measurement

Malays J Med Sci. 2013 May; 20(3): 23–30.



Interventional procedures

Interventional radiology is a medical specialty which provides minimally invasive image-guided diagnosis and treatment of disease

Source: https://www.houstonmethodist.org/imaging-radiology/interventional-radiology/

Cumulative dose

We sometime face a terminology issue: DAP, KAP 

Coupled with unit issue for values that are displayed: mGy.cm2 cGy.cm2 mGy.m2

Call for harmonisation

https://www.herca.org/herca-proposal-on-harmonization-of-dap-units-2/

Radiation quantity : Dose-Area-Product (DAP) 



CT scanners

Patient’s exposure



CT dose index (CTDI) is the standardised measure of the radiation output of a CT system

CTDI is measured in a cylindrical phantom with a 100mm long pencil ionisation chamber

300mm long pencil ionisation chambers are now required (Phys Med Biol. 2009;54:3141–59.)

It is used to measure the amount of emitted radiation and compare the radiation output between different settings/protocols.

For same CTDIvol smaller patient will receive higher dose than larger patient

Used for DRLs and is good indicator benchmark for the optimisation of the acquisition protocols.

Also used for Quality Control Measurements done by Med Physicists and Authorities 

RTI Group: CTDI measurement with the RTI Ion Chamber

CT scanners



CTDIvol =  CTDIw / pitch  [mGy]

The dose is higher in the peripheries than in the centre of the phantom, to be more representative of the average absorbed dose, the weighted CTDI is 

introduced:

CTDIw = 2/3 CTDI100 (periphery) + 1/ 3 CTDI100 (center)   [mGy]

DLP (dose length product) = CTDIvol . scan length [mGy.cm]

CTDI and DLP must be displayed on consoles and mentioned in the DICOM image

BUT those values do not represent the actual dose administered to the patient

CT scanners



DLP1

= CTDIvol, 1 x L1

L1

DLP 2
= CTDIvol, 2 x L2

L2

DLP 3
= CTDIvol, 3 x L3L3

Conversion

factors

E = ∑ Ei

x 0.0019 E1

x 0.0146

x 0.0153

E2

E3

DLP
E

[mSv mGy-1 cm-1]

From DLP to Effective dose

[mGy.cm] [mSv]

CT scanners

E = DLP.eDLP [mSV/(mGy.cm)]

The calculation can be done with MC programs

CTDOSE 

ImPACT-CT  www.impactscan.org/

http://www.radiation-dose.com

…

The effective dose factors are age dependent – ICRP 103

Exemple :

CTDIvol = 60 mGy for a head examination

→ E = 2 mSv

CTDIvol = 20 mGy for an abdomen examination

→ E = 10 mSv

The calculation of the effective dose is not easy, as one 

should get the equivalent dose to each irradiated organs 

(not forgetting irradiation due to scattered radiation 

outside the beam)



1. CTDI  DLP  E

2. Absorbed dose  Organ dose  ICRP weighting factors  E

Pathways to the effective dose for CT examinations



Absorbed dose to organs for patients in diagnostic examinations in nuclear 

medicine is calculated based on models of the biokinetics of the 

radiopharmaceutical

In practice, the basic quantity is the activity administered during a typical 

examination (MBq).

Nuclear medicine

Basic physical quantity 

Relevant quantity is absorbed dose

Directive OFSP :Niveaux de référence diagnostiques pour les examens de médecine nucléaire



Future needs or Nice-to-have

No special need at this stage for new quantities, but rather new tools for personalised dosimetry

— individual’s exposure

— organs’ exposure

Foster rigour in publications, including the full description of correction factors on measured values and more details on uncertainties

Harmonise the terminology

Harmonise the units in interventional procedures

Characterisation of the ionising radiation 

the patient’s is exposed to.



Conclusions

Dosimetry is a way to evaluate/quantify the exposure and a useful (although not perfect) 

Dosimetry is a powerful tool to optimise the exposure for the best clinical objectives

Basic quantities in medical x-ray imaging: air kerma and absorbed dose

However the path to other quantities used for risk management and/or comparison does have room for improvement

Further information on published dosimetry results would be appreciated as most articles do not provide information on measured values (calibration, 

exact measurement conditions and corrections made on reported values).

Clear need to move forward towards personalised information and individual dosimetry

Radiation quantities in medical imaging depends on what we’re interested in:

— Population’s exposure due to medical applications

— Evaluation of the exposure due to a new imaging modality

— Comparison of modalities/protocols

— Individual exposure / individual risk assessment

— Specific organ / tissue exposure
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Thank you for your attention 


