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EURAMET 22NRMO01 TraMeXIl project: An introduction

X-ray imaging provides crucial support for the
diagnosis and treatment of many medical conditions,
making it an essential component of modern medicine.
While the medical use of radiation is typically well
justified, potential detriments require that radiation
doses measured with dosimeters be carefully
evaluated and optimised. To achieve consistent,
comparable, and traceable measurement results,
dosimetry equipment must be properly calibrated,
measurement methods must be harmonised, and
measurement uncertainties must be accurately
estimated.

The EURAMET 22NRMO01 TraMeXI project aimed to
establish harmonisation and traceability frameworks,
yielding better metrology and providing a common

ground for the activities of National Metrology
Institutes and Designated Institutes (NMls/Dls),
stakeholders, and end-users. The calibration

procedures currently implemented by calibration
laboratories are mainly based on relevant international
standards such as IEC 61267, IEC 61674, IEC 61676,
and the international code of practice IAEA TRS-457.
However, these standards do not fully account for

recent technical developments within medical X-ray
imaging.

The primary objective of the EURAMET 22NRMO01
TraMeXI project was to update calibration and
measurement procedures to better reflect current
clinical practices and technological advancements,
and we believe that we have successfully taken great
steps toward this objective.

This third newsletter presents the work carried out
during the final year of the TraMeXl project. All
deliverables have been accepted and published. New
reference radiation qualities have been proposed and
tested, commonly used dosimeters have been
assessed, and harmonised calibration procedures
have been defined. The new calibration procedures
were validated through intercomparisons. Based on
the collected data, updates to key international
standards and guidance documents, including IEC
61674, IEC 61676, IAEA TRS-457, will be proposed.
These efforts support reliable, traceable, and clinically
relevant dosimetry, ultimately contributing to

enhanced patient safety.

i

Fig 1.: M27 joint meeting of TraMeXl project partners at EEAE (Greece)
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TraMeXl consortium

The project is managed by the coordinator from STUK
with the collaborative effort of the 22NRMO01 TraMeXI
consortium:

1. STUK - Radiation and Nuclear
Authority, Finland

2. CMI = Czech Metrology Institute

3. ENEA — National Institute of lonizing Radiation
Metrology, Italy

4. IMBiH — Institute of Metrology of Bosnia and
Herzegovina

5. IST — Higher Technical Institute, Portugal

6. PTB - Physikalisch-Technische
Bundesanstalt, Germany

7. TENMAK — Turkish Energy, Nuclear and
Mineral Research Agency

8. VSL - National Metrology
Netherlands

9. EEAE - Greek Atomic Energy Commission

10. HUS — Helsinki University Hospital, Finland

11.INM — National Metrology Institute of the
Republic of Moldova

12. OPBG - ltalian Bambino Gesu Paediatric

Safety

Institute, The

Hospital

13. SKBS - Municipal Hospital Braunschweig,
Germany

14.VINS - Vinca Institute of Nuclear Sciences,
Serbia

In addition, the project has established collaborations
with three institutions actively contributing to the
project activities.

1. LUMC - Leiden University Medical Center,
The Netherlands

2. LMRI-DEN/UFPE - Laboratory of Metrology of
lonizing Radiations, Department of Nuclear
Energy, Federal University of Pernambuco,
Brazil

3. ARPANSA - Australian Radiation Protection
and Nuclear Safety Agency

This project is supported by broad metrological and
scientific communities. Currently, the 22NRMO01
TraMeXI| project has an extensive Stakeholder
Committee (SC) consisting of 23 members
representing different interest groups:

International organizations, standardization,

requlators:
e |EC SC62C Working Group 3

e |EC SC62

o |AEA — International Atomic Energy Agency

e DIN NAR - German |Institute of
Standardization, Standards Committee
Radiology

e HERCA - Heads of the European Radiological
Protection Competent Authorities
Calibration laboratories:
e CEA - The French Alternative Energies and
Atomic Energy Commission
e CIEMAT - Center for Energy, Environmental
and Technological Research, Spain
¢ |RB — Ruder Boskovi¢ Institute, Croatia
e UPC - Institute of Energy Technologies, Spain
Medical Physicists:
e EFOMP - European Federation of
Organisations for Medical Physics
e DGMP - German Scientific Society for Medical
Physics
e AIFM - ltalian Association of Medical and
Health Physics
e CHUV — The Vaud University Hospital Center,
Switzerland
e SF - Finnish Society for Medical Physics and
Medical Engineering
e NVKF — Society for Medical Physics in the
Netherlands
e APT — Physics and Technology Working
Group in Imaging Diagnostics, Germany
Companies (manufacturers):

RTI Group, Sweden

PTW — Freiburg, Germany
RaySafe, Sweden

IBA Dosimetry, Germany
Radcal, USA

Planmed, Finland
QUART, Germany
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Work packages and current results

This project was launched in July 2023 for a duration
of three years. The overall objective of the project is to
harmonise and standardise calibration and
measurement procedures to ensure traceability and
accurate dosimetry in medical X-ray imaging.

WP 1: Revision of reference radiation qualities

The aim of this work package (WP) was to find a
representative selection of radiation qualities relevant
to medical X-ray imaging and, based on the outcome,
to propose an update to the reference radiation
qualities used for calibration purposes and testing of
X-ray systems. The proposal will contribute to future
revisions of IEC 61267 and IAEA TRS-457.

During the third year of the project, the measurement
results were analysed and compared. Based on the
obtained results, recommendations on which
reference radiation qualities should be included into
IEC 61267 were developed and submitted to the IEC
SC62C WG 3 and IAEA CRP E24024 officers.

A spectrum catalogue, including spectra for the
reference radiation qualities currently described in IEC
61267 as well as the recommended new radiation
qualities, was created. The spectrum catalogue is
openly accessible on the project website. Additionally,
an uncertainty budget for the radiation quality
parameters was successfully developed.

WP 2: Classification of dosimeters based on their
performance

The aim of this work package was to investigate and
evaluate the performance characteristics of different
types of commercially available X-ray dosimeters
(ionization chambers and X-ray multimeters (XMMs))
in terms of the air kerma quantity. The obtained results
are used to define specific requirements for reference
and field-class dosimeters. Based on these
achievements, a proposal on updated limits of
variation will be provided as input to future revisions of
IEC 61674 and IAEA TRS-457.

Recommendations on specific requirements to enable
traceable clinical measurements with a target
uncertainty of 7% (k = 2) were submitted to the IEC
SC62C WG 3 and IAEA CRP E24024 officers.

WP 3: Development of harmonised calibration
and measurement procedures for X-ray
multimeters

The aim of this work package was to define
harmonised calibration and measurement procedures
for XMMs and to investigate current state-of-the-art
clinical measurement devices covering different types
of XMMs. The harmonised procedures enable an
unbroken traceability chain for measurements of
relevant clinical parameters. This provides input to
future revisions of IEC 61674, IEC 61676, and IAEA
TRS-457.

During the final year of the project, a performance
report was prepared for over 25 commercial
dosimeters tested across 11 NMIs/Dls. The report also
included recommendations for the update of IEC
61676.

Based on the collected and analysed -calibration
procedures, a unified document titled "Calibration and
measurement procedure of X-ray multimeters at
laboratories and clinical conditions" was developed,
covering relevant clinical parameters such as air
kerma, PPV, half-value layer, and target uncertainties.

WP 4: Validation of established calibration
methods

The aim of this work package was to validate updated
calibration and comparison procedures for radiation
fields as identified in WP1, applied to different classes
of dosimeters as selected in WP2 and following the
protocols established in WP2 and WP3.

The comparisons mentioned below have been
successfully completed:

- EUR-1676: Pilot study of air kerma and tube
voltage for new radiation qualities in X-ray
imaging using XMMs

- EUR-1677: Supplementary comparison of air
kerma standards for X-ray imaging
(EURAMET.RI(I)-S21)

-  EUR-1678: Supplementary comparison of
tube voltage for X-ray imaging
(EURAMET.RI(I)-S20)

Draft B for the supplementary comparisons was
submitted to the TC-IR Chair for review. The pilot
study report will be made available following the
publication of the final report of the supplementary
comparisons.
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WP 5: Creating impact

This work package covers activities related to
dissemination, communication, exploitation, and
uptake.

The official project website,www.tramexi.com, was
established and updated regularly. The website
provides information about project, its outputs,
publications, events and other results.

In addition to website, an online discussion group was
set up on LinkedIn to exchange information among the
project participants and the end-users
(https://www.linkedin.com/groups/9515378/)

Six papers have been published based on the results
of the project activities:

1. Koji¢ A, Krzanovi¢ N, Zivanovié¢ M, Toroi P,
Bakrad L, Bozovi¢ P, Stankovi¢ Petrovié¢ J.
Influence of anodef/filtration setup on X-ray
multimeter energy response in mammography
applications. Radiat Meas 2024;174:107135.
https://doi.org/10.1016/j.radmeas.2024.10713
5.

2. Costa de Castro M, Toroi P, Kortesniemi M,
Lindholm C, Pinto M, Rinaldi L, Tietavainen A,
Tikkanen J, Zivanovi¢ M. Impact of the
measurement conditions and compression
paddle on mammography dosimeter
response. Phys Med 2024;123:103405.
https://doi.org/10.1016/j.ejmp.2024.103405.

3. Komatina |, Makari¢ V, Zivanovi¢ M, Toroi P,
Tietavainen A, Pinto M, Rinaldi L, Borowski
M, Saroka S, Krzanovi¢ N, Ciccotelli A,
Jansen B, Stefan Pojtinger S., Fernandes A.
Calibration services for X-ray multimeters in
Europe: current situation and future needs.
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Phys Med 2025;136:105055.
https://doi.org/10.1016/j.ejmp.2025.105055.

4. Salomon E, Homolka P, Csete I, Toroi P.
Energy dependence of the response of X-ray
multimeter for radiation qualities in
mammography. Sci Rep 2025;15:9857.
https://doi.org/10.1038/s41598-025-93485-5.

5. Solc J, Pojtinger S, Smoldasova J, Sochor V,
Rusnak J. The spectrometric practical
voltage: determination of X-ray tube voltage
up to 300 kV by in-beam X-ray spectrometry
with a cadmium telluride detector. JINST
2025;20:P02013.
https://doi.org/10.1088/1748-
0221/20/02/P02013.

6. Krzanovic N, Toroi P, Komatina |, Jansen B,
Boziari A, Caldeira M, de Castro M C,
Ciccotelli A, Fernandes A, Kojic A, Lee K,
Lindholm C, Pojtinger S, Reyhanoglu E,
Rinaldi L, Sabeta A, Salomon E, Saroka S,
Silvestri C, Sochor V, Valkama V, Vlahovic J
and Zivanovic M. 2026 X-ray imaging
dosimeter performance in standard and non-
standard radiography radiation fields in terms
of air kerma. Phys Med 2026;141:105687.
https://doi.org/10.1016/j.ejmp.2025.105687.

Additionally, ten more papers have already been
submitted. The consortium has participated in more
than 20 conferences, congresses, or symposia,
presenting 14 posters and 25 oral presentations.

WP 6: Management and coordination

This work package covers activities related to project
management and coordination.


http://www.tramexi.com/
https://www.linkedin.com/groups/9515378/
https://doi.org/10.1016/j.radmeas.2024.107135
https://doi.org/10.1016/j.radmeas.2024.107135
https://doi.org/10.1016/j.ejmp.2024.103405
https://doi.org/10.1016/j.ejmp.2025.105055
https://doi.org/10.1038/s41598-025-93485-5
https://doi.org/10.1088/1748-0221/20/02/P02013
https://doi.org/10.1088/1748-0221/20/02/P02013
https://doi.org/10.1016/j.ejmp.2025.105687
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Past Events

Several project meetings, including monthly meetings
and separate technical discussions, have been
organised during the final year of the project. The most
significant meetings and events are listed below:

CCRI Webinar ‘Advances in X-ray imaging
dosimetry: calibration of X-ray multimeters*

The webinar was held on Zoom on 28 May 2026.
Building on earlier CCRI webinars addressing
challenges and recent updates in X-ray imaging
dosimetry, this third webinar was dedicated to
advances in the calibration of X-ray multimeters
(XMMs) used in medical imaging. The session
covered calibration approaches for key quantities
measured by XMMs beyond air kerma, including tube
voltage, irradiation time, and half-value layer (HVL).
Furthermore, approaches for validating metrological
traceability and providing supporting evidence for
these calibration services were comprehensively
reviewed. The webinar covered the following topics:

e Education and training of radiation
metrologist: Olivera Ciraj Bjelac, IAEA and
Marco Esposito, ICTP (Introduction of ICTP
university of Trieste Master of Advanced
Studies in Medical Physics and Radiation
Metrology)

e Air kerma and irradiation time: Milos
Zivanovié, VINS, Serbia (What changes when
the calibrated item is XMM instead of an
ionization chamber? How should we define
the irradiation time and how to obtain the
reference value for it?)

e Tube voltage: Stefan Pojtinger, PTB,
Germany (How to obtain a reference value for
practical peak voltage (PPV)?)

e HVL: Aino Tietdvéinen, STUK, Finland (How
to measure reference HVL value and estimate
the uncertainty?)

e Conclusions: Paula Toroi, STUK, Finland
(The future of X-ray imaging dosimetry)

# CCRI Webinar

@) recisTER NOW

Fig 2.: CCRI Webinar “Advances in X-ray imaging dosimetry:
calibration of X-ray multimeters*

The recorded video is available on the CCRI YouTube
channel. A EURAMET news article was also published
regarding this event.
https://www.euramet.org/publications-media-
centre/events/detail?tx_eurametevents pi1%5Bevent
%5D=1482&cHash=db50b8163c34d2f5a8c28090a69
cc84d

M27 and 479 Stakeholder Committee meetings

The meetings were organised from 8 to 9 September
2025 by EEAE. A specific session was dedicated to
the SC meeting, which was held in an online format.
The status of activities and corresponding project
achievements were presented.

Workshop for radiation metrologists on calibration
of dosimeters used for X-ray imaging

Prior to the M27 meeting in Athens, a workshop for
radiation metrologists on the calibration of dosimeters
used for X-ray imaging was organised from 1 to 3
September 2025.

The workshop covered the following topics: X-ray
dosimetry equipment, calibration procedures for
XMMs, HVL measurement, and uncertainty
estimation. The workshop also included hands-on
training. Hosted by one of the project partners, EEAE
(Athens, Greece), it brought together 30 metrology
professionals from 15 countries.


https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1482&cHash=db50b8163c34d2f5a8c28090a69cc84d
https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1482&cHash=db50b8163c34d2f5a8c28090a69cc84d
https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1482&cHash=db50b8163c34d2f5a8c28090a69cc84d
https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1482&cHash=db50b8163c34d2f5a8c28090a69cc84d
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Fig 3.: Workshop for radiation metrologists on calibration of
dosimeters used for X-ray imaging

More information is available at the official workshop
webpage: https://tramexi.com/workshops/workshop-
eeae/

A EURAMET news item was also published for this
event: https://www.euramet.org/publications-media-
centre/events/detail?tx _eurametevents pi1%5Bevent
%5D=1387&cHash=f38facce1195d4dab9555ecbh21a
96264

EURAMET TC-IR Meeting

The Technical Committee for lonizing Radiation (TC-
IR) is concerned with the metrology of ionizing
radiation related to medical, industrial, environmental,
scientific, and radiation protection applications. During
the TC-IR meeting at VSL (The Netherlands) from 24
to 26 March 2026, an overview and the results of
TraMeXI were presented by the project coordinator,
Mrs. Paula Toroi (STUK).
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Fig 4.: EURAMET TC IR meeting 2026 at VSL

M36 and 5" Stakeholder Committee meetings

The meetings were organised from 11 to 12 May 2026
by RTI and hosted in Gothenburg (Sweden). A specific
session was dedicated to the SC meeting, which was
conducted in an online format. The status of activities,
achievements, and project results were fully reviewed.

Technical visit to RTI

A technical visit was organised at the RTI Group
following the M36 meeting to familiarise partners with
the production and metrological base of RTI.

Fig 5.: Technical visit at RTI, Gothenburg (Sweden)


https://tramexi.com/workshops/workshop-eeae/
https://tramexi.com/workshops/workshop-eeae/
https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1387&cHash=f38facce1195d4dab9555ecb21a96264
https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1387&cHash=f38facce1195d4dab9555ecb21a96264
https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1387&cHash=f38facce1195d4dab9555ecb21a96264
https://www.euramet.org/publications-media-centre/events/detail?tx_eurametevents_pi1%5Bevent%5D=1387&cHash=f38facce1195d4dab9555ecb21a96264
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Following the M36 meeting, the IEC TC62 SC62C
WG3 annual meeting was held at the same venua,
where the final project results were presented.

Fig 7.: IEC TC62 SC62C WG3 annual meeting Gothenburg
(Sweden)

Fig 6.: M36 joint meetihg of TraMeX/ Vproject partners in
Gothenburg (Sweden)

Upcoming Events

The consortium is currently preparing to contribute to the following meetings, conferences and workshops:

Date Event Location

23 - 26 September 2026 ECMP 2026 Valencia, Spain

7 — 9 October 2026 IDOS 2026 Vienna, Austria
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Feedback

The TraMeXIl project is now coming to an end, and we
would like to ask for your feedback on the project and
its results. Your views are very important to us. They
will help us evaluate how well the project has met
stakeholder needs, how useful the results are, and
what topics could be studied next in future projects.
The survey is short and should take only a few minutes
to complete.

You can access the survey here:
https://link.webropolsurveys.com/S/80E7B4A8DACA
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