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Physicists in nuclear medicine: the current situation
in Europe

Physicists working in nuclear medicine clinics and depart-
ments across Europe constitute a rather heterogeneous mix
of individuals. Whilst many have a degree in medical phys-
ics or biophysics, others have initial training in areas such as
particle physics and a substantial number have been trained
as engineers. Valuable skills learned in these fields can be
translated to clinical research and development, particularly
with regard to imaging hardware and image processing.
Others have a Ph.D. with extensive research experience.
Staffing levels, responsibilities, working areas and position

in the organisation and its hierarchy vary according to local
organisational arrangements, national regulations (or the
lack thereof) and other factors.

Today, most if not all countries have a well-defined route
into medical physics. This is usually a Bachelor in Physics,
followed by a Master in Medical Physics and finally an
internship focussing on practical training in parallel with
further theoretical education. There is, however, consider-
able variation in this last part. Some countries have estab-
lished schools of medical physics linked to universities, in
other countries the national societies for medical physics
have collected a curriculum that must be worked through
in parallel with the internship at a recognised department
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under guidance of a competent, approved mentor. In other
countries a formal postgraduate education as medical phys-
icist (MP) is just about to be established.

Thus, comparison of the various national educational
systems leading to a university degree in physics (or engi-
neering)—and from there to a further qualification for work-
ing in a hospital—is not an easy task. Therefore, physicists
moving to another European country often face difficulties
when trying to persuade a possible future employer about
their qualifications. Vice versa, hospitals in need of phys-
icists may not be able to employ competent applicants who
were trained in another country, as their qualifications are
not necessarily recognised by the authorities in the receiving
country. Examples of these obstacles were revealed in a
recent survey [1]. This situation is not only unfortunate for
the individual. At a European level, this lack of mutual
recognition presents a serious problem as it prevents mobil-
ity within Europe, which is to the benefit of all countries.

Formal definitions

Some of these barriers can be explained by the fact that there is
no definition of the MP that is consistently recognised on a
European level. This is somewhat surprising as there are well-
known definitions issued by the scientific societies, for exam-
ple the International Organization forMedical Physics (IOMP):

Medical physicists are professionals with education
and specialist training in the concepts and techniques
of applying physics in medicine. Medical physicists
work in clinical, academic or research institutions.
Medical physicists working in the clinical environ-
ment are health professionals, with education and spe-
cialist training in the concepts and techniques of
applying physics in medicine, competent to practice
independently in one or more of the sub-fields
(specialties) of medical physics.

This rather clear definition has so far not found its way to
documents issued by the European Union (EU) and the na-
tional regulatory authorities. In two directives stemming from
the EURATOM treaty, the Commission has outlined roles for
physicists working with radiation protection. The “MED di-
rective” [2] addresses radiation protection of patients, carers
and the public from medical exposures and defines somewhat
vaguely a “medical physics expert” (MPE). Due to the lack of
clarity, the implementation of this title varies considerably
across Europe. The other directive, “the EU Basic Safety
Standards (BSS) Directive” [3], concerned with radiation
protection in general, had previously introduced another title
for persons with a similar role (but outside the medical field):
the “qualified expert”, in later documents also called

“radiation protection expert”. Unfortunately, the roles defined
in the two directives are not consistent and this still causes
confusion and misunderstandings.

Fortunately, a new directive (“Proposal for a Council
Directive laying down basic safety standards for protection
against the dangers arising from exposure to ionising radi-
ation [COM(2012)242]”, http://ec.europa.eu/energy/
nuclear/radiation_protection/doc/2012_com_242.pdf, dated
30.5.2012) is currently under revision. It is meant to replace
the former two directives and will also provide a clearer
definition for an MPE: “medical physics expert means an
individual having the knowledge, training and experience to
act or give advice on matters relating to radiation physics
applied to medical exposure, whose competence to act is
recognised by the competent authorities” (article 4, defini-
tion #40 in the draft document).

Comparing the definitions provided by IOMP and the
Commission it becomes clear that being an MPE (as defined
in the directive) is an important role of an MP (as defined by
IOMP). This is especially true in nuclear medicine, where
most activities are related to the use of ionising radiation.
However, the scope of work of an MP is considerably wider.
Thus, an MPE should not per se be regarded as a senior and
experienced MP—despite the expert in the acronym. On the
other hand, being an MPE requires a high level of expertise
with respect to application of ionising radiation—probably
more expertise than the average MP would have.

On this rather confusing background it seems more than
logical that some sort of harmonisation would be helpful.
This was a major motivation for the European Federation of
Organisations for Medical Physics (EFOMP) and the
European Association of Nuclear Medicine (EANM) to set
out to collect and compose a modern curriculum specifically
for the education and training of medical physicists in
nuclear medicine. EFOMP (http://efomp.org) is the umbrel-
la organisation for the national medical physics organisa-
tions and societies. One of the main objectives of EFOMP is
the harmonisation and promotion of the best practice of
medical physics in Europe. For this purpose, EFOMP issues
policy statements on various topics, for example on the
“Continuing Professional Development for the Medical
Physicist”, describing the planned acquisition of qualifica-
tions required for professional practice throughout a work-
ing life. Likewise, the EANM—representing nuclear
medicine in Europe—aims at advancing science and educa-
tion in nuclear medicine for the benefit of public health.
Physicists from both the Dosimetry Committee and the
Physics Committee of the EANM joined EFOMP in the
effort of composing the curriculum. Similar scientific col-
laborations were established by EFOMP with the European
Society of Radiology (ESR) and the European Society for
Radiotherapy and Oncology (ESTRO) for a curriculum in
radiology [4] and radiation oncology [5], respectively.
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Terminology and concepts for definition of educational
and training activities

Modern curricula should follow the conventions laid out by
the European Commission. In particular, they should be in
line with the Bologna declaration, the tuning process for the
educational structures in Europe and the recommendation
on the establishment of the European qualifications frame-
work for lifelong learning. Learning outcomes of education-
al and training programmes are expressed in terms of:

& Knowledge—covering facts, principles, theories and
practices

& Skills—meaning the ability to use knowledge and
know-how to complete tasks and solve problems (cog-
nitive skills as well as practical skills including the use
of methods, materials, tools and instruments)

& Competence—meaning responsibility and autonomy

On first encounter, these terms may appear confusing.
But after dealing with them for a while, the underlying
concept reveals its advantages. It is also important to note
that there is focus on the learning outcome, not the teaching
content or the teaching form. Learning outcomes can be
divided into two categories: generic and subject-specific.
Generic learning outcomes are transferable across all aca-
demic professions (e.g. “extract knowledge from various
sources”) and will not be considered further. Subject-
specific learning outcomes are those that are specific to the
profession, here the MP, and are those listed in the
curriculum.

An example may help to illustrate the concept: The
subject-specific learning outcomes for physicists are subdi-
vided into 11 key activities (listed further below). For each
key activity, a catalogue of required knowledge, skills and
competences (KSC) is listed (see also Table 1).

Curriculum for medical physicists in nuclear medicine

The curriculum for medical physicists in nuclear medicine is
made up of four main sections, each covering a specific
aspect of the work of an MP:

& Physical scientist—fundamental physics knowledge and
measurement skills expected of all physicists.

& Healthcare professional—fundamental knowledge for
working in the healthcare sector.

& Clinical medical device/physical agents expert—com-
mon learning outcomes relevant for medical physicists
working in any sub-speciality covering medical devices
and safety from associated physical agents. This section
is further subdivided into 11 key activities.

& Nuclear medicine physics—detailed learning outcomes
specifically for medical physicists in nuclear medicine
subdivided into the same 11 key activities.

The subdivision into 11 key activities (each listing a catalogue
of KSCs) illustrates important areas of responsibility for MPs:

& Comprehensive physics problem solving service
& Physical agents dosimetry service (exemplified in Table 1)
& Patient safety/risk management
& Occupational & public safety/risk management
& Clinical medical device management
& Clinical involvement
& Development of service quality
& Expert consultancy
& Education of healthcare professionals and medical phys-

ics trainees
& Economic issues/health technology assessment
& Innovation

The reason for duplicating these key activities in the sec-
tions “clinical medical device/physical agents expert” and

Table 1 Example of a catalogue of KSCs: the key activity “physical
agents dosimetry service” deals with dosimetry of various physical
agents. A catalogue of required KSCs is listed. For brevity, only two
items are listed in each category

Catalogue of KSCs

Knowledge

· List and explain the statutory and institutional role of Medical Physics
Services with respect to dosimetry of physical agents (including
ionising radiation from sealed/unsealed sources)

· Define and explain the physical quantities used to assess beneficial or
adverse biological effects for the various types of physical agents
(including ionising radiation) and methods for their measurement

· …

Skills

· Select and operate instrumentation for the measurement of the
physical quantities used to assess beneficial or adverse biological
effects for the various types of physical agents for the patients,
workers and public in own area/s of medical physics practice

· Operate radiation measurement sensors/detectors and interpret the
results

· …

Competences

· Oversee the installation of a laboratory for the measurement of
quantities used to assess beneficial or adverse biological effects for
the various types of physical agents for the patients, workers and
public in own area/s of medical physics practice

· Take responsibility for the selection and operation of instruments for
the measurement of the physical quantities used to assess beneficial
or adverse biological effects for physical agents in own area/s of
medical physics practice

· …
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“nuclear medicine” is to facilitate career opportunities for
people moving from one field of medical physics to another.
An MP would only have to learn the learning outcomes
specific for the new field.

The curriculum does not only describe the required KSCs
needed to accommodate today’s needs in modern nuclear
medicine. Also addressed are areas like organisational com-
petence, professionalism, communication, collaboration and
social actions. In addition, the role of a medical physicists in
nuclear medicine is explicitly stated, namely to

.. provide critical scientific input on the physical pro-
cesses and technology that underpin the whole nuclear
medicine pathway. (..) Nuclear medicine physicists de-
sign and develop the framework of radionuclide han-
dling and delivery, radiopharmaceutical dosimetry,
optimisation, quality assurance of individual patient’s
treatments and of the medical imaging equipment, in-
cluding radiation safety of the patient and staff. Specif-
ically, the nuclear medicine physicist provides expert
advice on the development, implementation and im-
provement of medical imaging with radionuclides and
the treatment of benign or malignant diseases with
radiopharmaceuticals. The nuclear medicine physicist’s
role is key to the enabling of the practice of safe, state-
of-the-art nuclear medicine diagnosis and treatment
(introductory section of [6]).

Clearly, listing the complete curriculum would take up a
considerable amount of space in this journal. The purpose of
this editorial is to draw the community’s attention to the
document. As the concept of KSCs still is not widely
known, we also want to share the underlying thoughts and
philosophy. The curriculum is published in its complete
version in Physica Medica: European Journal of Medical

Physics [6]. In addition, the curriculum will be available for
download from the EANM website (http://eanm.org,
Guidelines section).

It is our hope that the curriculum will find a large reader-
ship and widespread application. Our intention was to pro-
vide a document that will help to harmonise national training
and recognition schemes in the EU and beyond, eventually
for the benefit of patients and society as a whole. National
authorities and scientific societies should use the curriculum
as a basis for new curricula or to update existing curricula.
We have tried not only to include classical methodology but
also to incorporate current trends in such a way that the
learning outcomes will remain relevant for many years.
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