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Outline ]'raMeXi'

« TraMeXl and WP2 - Classification of dosimeters based on their performance

. Investigation of current X-ray dosimetry and the usage of dosimeters
. Selection of relevant criteria for the dosimetry performance evaluation and classification
. Evaluation of the performance of the commercially available dosimeters

. Highlights on the current situation regarding the calibration services of X-ray
imaging dosimeters in Europe
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TraMeXI program ]'raMeXi

Traceability in Medical X-ray Imaging dosimetry
Three main reserch areas, interconnected among them

See Scope of TraMeXlI, P.Toroi (Day 1)

Coverage of clinical Understanding the Harmonized calibration and
radiation qualities in performance of dosimeters measurement procedures
calibrations —
EPIB wpz2. INMRI WP3:
WP1: s . L s Be Development of
Revision of Classification of harmonised calibration

Reference dosimeters based and measurement
Radiation Qualities on their procedures for X-ray
See WP1 Results and New performance multimeters
qualities for calibration for See XMMs measurements quantities
DR, S.Pojtinger (Day 1) and Performance of XMMs,

m M.Zivanovic and N.Krzanovic (Day 2)



WP2 - Classification of dosimeters based on their performance '[raMeXi

X-ray dosimetry and dosimetry performance evaluation of the commercially available

the usage of and classification dosimeters
dosimeters

All activities have been completed
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Usage of dosimeters ]'raMeXi

The aim of this task is to evaluate the usage of different

Inyestigation of curment dosimeters in clinical and calibration practice and therefore identify

X-ray dosimetry and

the usage of the most relevant dosimeters for further studies.
dosimeters Information is collected based on two surveys, on different
aspects of the clinical usage and calibration services of the
dosimeters.
Medical physicists survey Dosimetry laboratory survey
«  What radiation qualities are clinically « What dosimetry equipment is currently
relevant used as reference instruments for
 What dosimeters are used calibration purposes
« How the measurements are currently « Usage and calibration of field
performed instruments based on the calibration
«  Which quantities are measured data available in the laboratories
« How the measured quantities are used  Traceability
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Usage of dosimeters: results

Physica Medica 136 (2025) 105055

https://doi.org/10.1016/j.ejmp.2025.105055

Contents lists available at ScienceDirect

Physica Medica

journal homepage: www.elsevier.com/locate/ejmp

Calibration services for X-ray multimeters in Europe: current situation and
future needs
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Overview on the current situation

regarding the calibration services of X-ray

imaging dosimeters in Europe

« All essential XMM quantities

» Review of standards and technical
documents

» Best calibration capabilities available
(based on the BIPM KCDB)

» Assessment of the XMM calibration
needs and current state of calibration
services in Europe


https://doi.org/10.1016/j.ejmp.2025.105055

Medical Physicist Survey: XMMs and ICs

Uptake of XMMs by medical physicists is almost universal (~90 %), ICs also still
widely used (e.g. for computed tomography) (~75 %)

Most of the respondents stated that they perform air kerma and HVL
measurements either with ICs or XMMs.

Calibration of dosimeters: in case of XMMs, regular calibrations are performed
almost twice more often at manufacturers’ than in other calibration laboratories.
However, in case of ICs, calibrations are more often performed in other
calibration laboratories.

Calibration periodicity: most of the respondents every 2-3 years, a smaller
number does annual calibrations and an even smaller number every 4-5 years

Analysis was based on 84 replies from European clinical centers



Lab survey: Radiation Qualities

What IEC 61267 reference radiation qualities are available at your organization/laboratory (if
any) and which radiation qualities are requested for calibration by your customers/users:
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Analysis was based on 32 replies from Calibration Laboratories
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Medical Physicist Survey: use of calibration factors

« How do you use calibration factors (coefficients) for your XMM air kerma

measurements? x
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Medical Physicist Survey

« Uptake of XMMs by medical physicists is almost universal (~90 %), ICs also still widely used
(e.g. for computed tomography) (~75 %)

« Most of the respondents stated that they perform air kerma and HVL measurements either with
ICs or XMMs.

- Additional quantities related to X-ray tubes and X-ray beams besides air kerma are
measured.

 Based on the survey, additional quantities are generally required by national
regulations to be measured.

Analysis was based on 84 replies from European clinical centers
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Medical Physicist Survey: other quantities measured

« Which other quantities/parameters measured with the XMM are used
for quality control in different modalities?

Quantities measured with XMMs SlX respondents use
s GEN 1
> I = v | XMMs for air kerma
80 = measurements only
5
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m Analysis was based on 84 replies from European clinical centers 11



Percentage of responses (%)
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Medical Physicist Survey: XMM calibration

Are the XMMs calibrated for other quantities and parameters?

MP Calibration status
The XMMs are calibrated ——
for the other quantities . I_ Some quantities could be not Z= van

cT
and parameters: l used in clinical measurements.
(for at least some of the 60 |
40 4 . l
. l .

additional quantities)

Percentage of responses (%)

Half value Tube Practical Total Exposure Tube Tube Frame rate Dose/pulse Other
layer voltage Peak Filtration time current current-
Voltage time

oduct

More than half of the respondents receive dosimeters already
calibrated, and 85 % calibrate them regularly.

_Analysis/was based on 84 replies from European clinical centers

by the manufacturer regularly by the by a calibration they are not | don't know Other
when purchased manufacturer laboratory calibrated 1 2




Number of responses

Lab survey: available and requested services

Which quantities and/or parameters are available and requested for calibration
purposes? ;

LAB Calibration capabilities aﬁoratoﬂes
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Analysis was based on 32 replies from Calibration Laboratories
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Medical Physicist Survey

Uptake of XMMs by medical physicists is almost universal (~90 %), ICs also still widely used
(e.g. for computed tomography) (~75 %)

Most of the respondents stated that they perform air kerma and HVL measurements either with
ICs or XMMs.

Additional quantities related to X-ray tubes and X-ray beams besides air kerma are measured

Based on the survey, additional quantities are generally required by national regulations to
be measured.

Many different requirements for dosimeter calibration, testing and verification in
different European countries, without a clear consensus about the best approach

Analysis was based on 84 replies from European clinical centers
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Review of Standards and Technical documents

‘ NORM-E CEl 'EQ IEC 61674
INTERNATIONALE IEC Edition 3.0 2024-07 - . -
61267 INTERNATIONAL Performance requirements for diagnostic
ISNT&ENRDI\L\AR%ONAL . STANDARD dosimeters with VENTED IONIZATION
S 0811 NORME CHAMBERS and/or SEMICONDUCTOR

INTERNATIONALE

Equipement de diagnostic médical

a rayonnement X —

Conditions de rayonnement pour utilisation dans
la détermination des caractéristiques

Medical diagnostic X-ray equipment —
Radiation conditions for use in the
determination of characteristics

Intended for testing and calibration of X-ray
equipment under harmonized conditions
defined to mimic typical clinical radiation
beams, e.g. RQR, RQA, RQC, RQT, RQR-M

ENEN

DETECTORS in X-ray diagnostic imaging for
the measurement of AIR KERMA

Medical electrical equip t - Dosi s with ionizati b and/or
semiconductor detectors as used in X-ray diagnostic imaging
lEC [E‘i\ ; ﬂ 6?6 TECHNICAL REPORTS SERIES NO. LIS‘:
INTERNATIONAL . dDolsimet;y iln tDiagr;ostit:
adiology: An Internationa

STANDARD Code of Practice
NORME ~ Non-invasive measurement of
INTERNATIONALE  X-RAY tube voltage in terms

of practical peak voltage

Medical electrical equipment — Dosimetric instruments used for non-invasive
measurement of X-ray tube voltage in diagnostic radiology 1 5



Review of Standards and Technical documents

This is a preview - click here to buy the full publication

- NORME | CEl
INTERNATIONALE IEC
INTERNATIONAL 61267
STAN DARD Deuxieme édition

Second edition
2005-11

Equipement de diagnostic médical

a rayonnement X —

Conditions de rayonnement pour utilisation dans
la détermination des caractéristiques

Medical diagnostic X-ray equipment —
Radiation conditions for use in the
determination of characteristics

Intended for testing and calibration of X-ray
equipment under harmonized conditions

1EC IEC 61674
INTERNATIONAL Performance requirements for diagnostic
STANDARD dosimeters with VENTED IONIZATION
R CHAMBERS and/or SEMICONDUCTOR
{ ]‘_;';:"-_F- o DETECTORS in X-ray diagnostic imaging for
NTERNAZIONAS the measurement of AIR KERMA
fardization §9F°
m ‘zjc[i:;iﬂﬁed‘ Ca[tﬁfdtlond chambers and/or
% procedures and Swnf‘fa: ing
I;eqm'renumtsf or otHE
qu::szza‘i; 6}; XMMS are IEC 61676 TECHNICAL REPORTS SERIES N0, 13 {
m . Edition 2.0 2023-03
t a‘Vm&"E[e yer DNTRY Dosimetry in Diagnostic
~1ANDARD s St
NORME Non-invasive measurement of

defined to mimic typical clinical radiation
beams, e.g. RQR, RQA, RQC, RQT, RQR-M

ENEN

ERNATIONALE  X-RAY tube voltage interms
of practical peak voltage

Medical electrical equipment — Dosimetric instruments used for non-invasive
measurement of X-ray tube voltage in diagnostic radiology 1 6



Medical Physicist Survey

Uptake of XMMs by medical physicists is almost universal (~90 %), ICs also still widely used
(e.g. for computed tomography) (~75 %)

Most of the respondents stated that they perform air kerma and HVL measurements either with
ICs or XMMs.

Additional quantities related to X-ray tubes and X-ray beams besides air kerma are measured.

Based on the survey, additional quantities are generally required by national regulations to
be measured.

Regarding the quantities, air kerma calibrations are widely available to the users, but there is a
gap for all other quantities

Many different requirements for dosimeter calibration, testing and verification in different
European countries, without a clear consensus about the best approach

Clear need for better communication between regulatory bodies, calibration
laboratories and the end users.

Analysis was based on 84 replies from European clinical centers
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Criteria for the dosimetry performance evaluation e i

Investigation of current Selection of relevant criteria for the
X-ray dosimetry and dosimetry performance evaluation

the usage of and classification
dosimeters

« Taken together, responses to the surveys provided an
indication of the types and models of ionisation chambers
WP1 WP3 and XMMs used within the surveyed community.
» Current performance criteria and potential for classification of

(clinical (clinical use : : : 7ot
radiation of dosimetry equipment based on literature and existing
gualities) dosimeters) standards.

« The minimum rated ranges of influence quantities defined in
IEC 61674 were compared with the conditions covered in the
clinical practice. Based on this information, influence
quantities that will require extension were selected and

El\Eh updated minimum rated ranges were proposed. |NMR]
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Evaluation of the performance of dosimeters '[raMeXi

Evaluation of the performance
of the commercially available
dosimeters

« Experimental determination of the performance of commercially available dosimeters to
propose a distinction between reference and field-class dosimeters.

« Harmonized test protocol for ICs and for XMMs.

 Measurements were carried out by the NMIs/Dls in their laboratories.

* Results on the performance of many commercially available X-ray dosimeter types:

“X-ray imaging dosimeter performance in standard and non-standard radiography radiation fields
in terms of air kerma”, N.Krzanovi¢ et al (submitted to Physica Medica)
See Performance of XMMs in standard and non-standard

El\EI\ conditions, N.Krzanovic (Day 2)




Investigation of current The current situation regarding the calibration services

X-ri%g%séi;ne:;crgfand of X-ray imaging dosimeters in Europe was investigated.
dosimeg(ers https://doi.org/10.1016/j.ejmp.2025.105055

Recommendations on the specific requirements such as
S Seile) i e S e sz ie s compliance tests and rated ranges for reference- and
dosimetry performance evaluation field-class dosimeters enabling traceable clinical

and classification measurements with the targeted uncertainty 7% (k=2) and
to be updated in future revisions of IEC 61674 and
evidence submitted to IEC SC 62C WG 3 (May 2025, S.
Pojtinger)

Evaluation of the performance

of the commercially available X-ray imaging dosimeter performance in
Eo-le el standard and non-standard radiography

radiation fields in terms of air kerma”,

N.Krzanovic¢ et al (submitted to Physica Medica) INEM;BJ? "



https://doi.org/10.1016/j.ejmp.2025.105055

alessia.ciccotelli@enea.it
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