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The IAEA technical cooperation project Strengthening Medical Physics 
in Radiation Medicine was approved by the IAEA Board of Governors for the 
period 2009–2013 with the aim of ensuring the safe and effective diagnosis and 
treatment of patients. The IAEA, together with the World Health Organization 
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as regional counterparts from Africa, Asia, Europe and Latin America, met 
in Vienna in May 2009 to plan and coordinate the new project. A shortage of 
clinically qualified medical physicists (CQMPs), insufficient education and 
training (especially properly organized and coordinated clinical training), and 
lack of professional recognition were identified as the main problems to be 
addressed under this project. This publication was developed under the project 
framework in response to these findings. It aims, first, at defining appropriately 
and unequivocally the roles and responsibilities of a CQMP in specialties of 
medical physics related to the use of ionizing radiation, such as radiation therapy, 
nuclear medicine, and diagnostic and interventional radiology. Important, 
non-ionizing radiation imaging specialties, such as magnetic resonance and 
ultrasound, are also considered for completeness. On the basis of these tasks, 
this book provides recommended minimum requirements for the academic 
education and clinical training of CQMPs, including recommendations for their 
accreditation, certification and registration, along with continuing professional 
development. The goal is to establish criteria that support the harmonization of 
education and clinical training worldwide, as well as to promote the recognition 
of medical physics as a profession.

This publication has been endorsed by the AAPM and IOMP.
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compilation of the final report.
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EDITORIAL NOTE

Although great care has been taken to maintain the accuracy of information contained 
in this publication, neither the IAEA nor its Member States assume any responsibility for 
consequences which may arise from its use. 

The use of particular designations of countries or territories does not imply any 
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of 
their authorities and institutions or of the delimitation of their boundaries. 

The mention of names of specific companies or products (whether or not indicated as 
registered) does not imply any intention to infringe proprietary rights, nor should it be construed 
as an endorsement or recommendation on the part of the IAEA.

The IAEA has no responsibility for the persistence or accuracy of URLs for external or 
third party Internet web sites referred to in this book and does not guarantee that any content 
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1. IntroDUCtIon

Medical physics is a branch of applied physics, pursued by medical 
physicists, who use physics principles, methods and techniques in practice, in the 
clinical environment and in research, for the prevention, diagnosis and treatment of 
human diseases with the specific goal of improving human health and well-being. 
Medical physics encompasses a wide range of applications in multiple areas 
and has recently been classified internationally as a profession [1]. The general 
roles and responsibilities of medical physicists have been summarized by the 
International Organization for Medical Physics (IOMP) [2]. Providing a detailed 
description of these roles in a clinical environment, mainly in fields related to the 
use of ionizing radiation, is one of the goals of the present publication as well as 
providing the basis for justifying harmonized international requirements for the 
academic education and clinical training of medical physicists.

According to the definition of the International Basic Safety Standards 
(BSS) [3], a medical physicist working in a clinical environment is:

“a health professional, with specialist education and training in the concepts 
and techniques of applying physics in medicine, and competent to practise 
independently in one or more of the subfields (specialties) of medical 
physics.” 

A similar definition, although restricted to applications dealing with medical 
radiation exposures, was given by Council Directive 97/43/Euratom for the term 
‘medical physics expert’ [4], recently amended during the process of the revision 
of the Euratom Basic Safety Standards [5]. The term ‘practise independently’ 
means that a medical physicist works without the direct supervision of a more 
experienced medical physicist and is capable of ensuring the safe and effective 
delivery of radiation to achieve a diagnostic or therapeutic result as prescribed 
in patient care. The specialties involving the use of ionizing radiation in medical 
exposure comprise medical imaging physics, which includes diagnostic and 
interventional radiology (DIR) procedures (radiology physics) and radionuclide 
procedures (nuclear medicine physics), radiation therapy physics and medical 
health physics (radiation protection in medicine). These medical physics 
specialties are an essential component of radiation medicine. 

The goal of the publication is to establish criteria that support the 
harmonization of education and clinical training worldwide, as well as to 
promote the recognition and professionalism of medical physics as a profession 
internationally.
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Medical physicists must have received appropriate undergraduate education 
in physical or engineering sciences, followed by a professional competency 
training that includes an additional period of 1–3 years of academic education in 
medical physics at the postgraduate level. In order to become a clinically qualified 
medical physicist (CQMP), the academic training at the postgraduate level must 
be followed by at least two additional years of structured practical training in a 
clinical environment, in one or more specialties of medical physics. Overall, the 
academic education and clinical training should extend over a minimum period 
of, typically, seven years. Medical physicists that have completed an academic 
programme and work or do research in a non-clinical environment will require 
additional appropriate training to become CQMPs. The education and training of 
medical physicists should be recognized by a national or international accreditation 
body. In order to maintain and enhance their professional competence, and their 
ability to work independently, practising medical physicists should undertake a 
continuing professional development (CPD) programme which should include 
attendance at national and/or international conferences and courses on topics 
related to their field of specialization. They should also regularly consult relevant 
scientific journals and literature. 

The competence of medical physicists should be assessed by an appropriate 
authority, which results in a formal mechanism for their registration and/or 
accreditation or certification. The professional certification body should represent 
medical physicists duly elected by the national CQMP community for the purpose. 
Where no formal mechanism exists, medical physicists should be certified by a 
national or international professional certification body, after proving by means 
of written and oral examinations that they have the level of expertise needed to 
practise independently in one or more subfields of medical physics. A certified 
medical physicist is, therefore, a CQMP who has been certified to have the level 
of expertise needed to practise independently in one or more subfields of medical 
physics, based on passing written and oral examinations conducted by a national 
or international professional certification body, duly appointed for this purpose. 

This publication aims to provide recommendations on the minimum 
requirements for the academic education and clinical training necessary for a 
physicist to become a CQMP. It includes recommendations for accreditation, 
certification and registration, along with CPD. With the purpose of establishing 
the grounds for justifying the recommendations, it first details the roles and 
responsibilities of a CQMP in the various specialties, including advice on the 
organization of a clinical medical physics service. 

As CQMPs are health professionals and, as a result, have access to patient 
data, have direct contact with patients in the clinical environment and participate 
in patient management, they are subject to the same ethical principles that 
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determine professional behaviour. A sample code of ethics that must be adhered 
to by CQMPs in a clinical environment is summarized in Appendix I. 

In some countries, particularly in North America, a separate group of 
professionals, known as medical dosimetrists, has emerged. In most countries, 
the roles and responsibilities of medical dosimetrists are performed by CQMPs. 
Appendix II provides information on the typical duties and skills of medical 
dosimetrists according to the American Association of Medical Dosimetrists 
(AAMD). 

2. roLEs AnD rEsPonsIBILItIEs of 
CLInICALLY QUALIfIED MEDICAL PHYsICIsts

The medical physicist is a member of the multidisciplinary team involved 
in diagnosing and treating patients with ionizing and non-ionizing radiation, 
and contributes to ensuring a high standard of quality of service in hospitals and 
clinics (cf. Refs [6–8]). As a professional in physics, a CQMP is able to identify 
problems and formulate strategies for their solution, interpret new or non-standard 
information, evaluate unusual situations in a scientific way, communicate 
scientific opinions clearly and accurately, recognize erroneous situations and take 
appropriate corrective actions, and recognize their own limitations in knowledge 
and skills. The primary role of the CQMP in clinical practice is to optimize, or 
advise other health care professionals to optimize, the use of radiation to ensure 
the safety and quality of diagnostic or therapeutic procedures, establish policies, 
guidelines and measurement techniques for the determination of patient dose, and 
to collect and analyse clinical physics data for diagnosis or treatment of diseases.

CQMPs are responsible for developing and implementing the physical 
and technical aspects of the quality assurance (QA) programmes in diagnostic 
and therapeutic procedures. They are also responsible for advising or assisting 
other health care professionals in optimizing the balance between the beneficial 
and deleterious effects of radiation, and play a key role in the installation 
of new equipment with regard to the radiation protection of patients, workers 
and the public, including the design of radiation shielding. Medical physicists 
perform research and development of new equipment, methods, procedures and 
technologies for improving diagnostic and therapeutic clinical care. They also 
provide education and training of applied physics and radiation safety to medical 
practitioners [9], nurses, technical staff, students and other personnel. In most 
hospitals, CQMPs have responsibilities in ensuring that diagnostic imaging and 
radiation treatment facilities comply with the national rules and regulations, 
and follow the recommendations of competent international bodies [3]. They 
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support the hospital management in defining specifications for the purchase of 
equipment, and provide technical, scientific and administrative advice.

This section describes the specific roles and responsibilities of CQMPs in 
radiation therapy and medical imaging with ionizing and non-ionizing radiation. 
Although not fully described in this publication, CQMPs are sometimes 
also competent to provide professional support in other areas of medicine 
(photodynamic therapy, optical imaging, use of lasers, therapeutic use of 
ultrasound and physiological measurement, etc.). Some of these modalities are 
intrinsically included in this section.

The principal roles and responsibilities of CQMPs in a hospital 
environment are based on their professional development in one or more of the 
specialties of medical physics and on their clinical knowledge of the principles, 
and the anatomical and physiological basis for related clinical studies, techniques 
for clinical procedures, etc. The roles and responsibilities can be divided into 
two major groups: one considers aspects which are common across all medical 
physics specialties and the other is related to specific areas of specialization. 
These can be summarized as:

(a) Roles and responsibilities common to all specialties:
(i) Calibration and verification of measurement instruments;

(ii) Technical supervision of equipment operation and maintenance;
(iii) Records and documentation;
(iv) Clinical computing and networking;
(v) Research and development;

(vi) Education and training.
(b) Roles and responsibilities specific to the specialties of radiation therapy, 

nuclear medicine and DIR:
(i) Installation design, technical specification, acceptance and 

commissioning of equipment, including the establishment of criteria 
for acceptable performance;

(ii) Radiation safety and protection of patients, staff and the general 
public;

(iii) Radiation dosimetry of radiation sources and patients;
(iv) Optimization of the physical aspects of diagnostic and therapeutic 

procedures;
(v) Quality management of the physical and technical aspects of radiation 

medicine, such as:
 — Development of institutional policies and procedures for the safe 
and effective use of radiation;

 — Supervision of QA and quality control (QC) procedures;
 — Risk assessment and management.



5

(vi) Collaboration with other clinical professionals in patient care, such as:
 — Consultation with medical practitioners and other clinical team 
members during diagnostic or therapeutic procedures;

 — Commissioning and supervision of the implementation of new or 
complex clinical procedures, and assisting the training of clinical 
staff.

The roles and responsibilities common to all medical physics specialties 
are covered below, followed by a section where the functions and responsibilities 
specific to the different ionizing radiation based specialties, namely radiation 
therapy, nuclear medicine and DIR, are given. The roles and responsibilities in 
some imaging specialties dealing with non-ionizing radiation, such as magnetic 
resonance imaging (MRI) and ultrasound imaging (USI), are also delineated. 
A summary of functions and responsibilities is presented, together with the 
responsibilities of CQMPs in radiation protection of patients, staff and the public. 
The radiation protection aspects relating to the use of radioactive sources and 
radiation generators in the clinic are discussed within each area of specialization, 
while those related to radiation protection of workers and the public are discussed 
separately. 

3. roLEs AnD rEsPonsIBILItIEs of 
CLInICALLY QUALIfIED MEDICAL PHYsICIsts 

CoMMon to ALL MEDICAL PHYsICs sPECIALtIEs

The main functions and responsibilities of CQMPs which are common to 
all medical physics specialties are described below (summarized in Table 1):

(a) Calibration and verification of measurement instruments: CQMPs are 
responsible for the calibration of the instruments they use or are responsible 
for following recommended standards or codes of practice and keeping 
appropriate calibration records. They are responsible for developing 
procedures to determine the stability of the instruments for clinical use.

(b) Technical supervision of equipment operation and maintenance: CQMPs 
supervise the preventive and corrective maintenance, repair and calibration 
of the diagnostic, therapeutic and measuring equipment, and are responsible 
for documenting the relevant information. They collaborate with service 
engineers in developing and maintaining a quality management programme 
for all of the equipment, so as to make it possible for the equipment to 
operate optimally. CQMPs are responsible for authorizing the clinical use 
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of radiation equipment after a maintenance procedure. For this purpose, 
they perform QC measurements of particular complexity after preventive 
or corrective maintenance, to ensure that the function of the equipment has 
not been affected by any alteration made during maintenance or repair. By 
verifying the proper function of the equipment, they aim to ensure optimal 
performance as well as patient and staff safety.

(c) Records and documentation: CQMPs provide the documentation needed 
and maintain the records of their area of work, providing evidence of the 
compliance of equipment and procedures with the appropriate regulatory 
and accreditation authorities’ rules and recommendations. They review 
the records in patient clinical histories regarding the correct interpretation 
of a dose prescription or request for a radiation medicine imaging 
procedure, optimization of radiation therapy treatment plan parameters, 
therapeutic or imaging radiation beam parameters, patient dosimetry and/or 
radiopharmaceutical dosimetry. In addition, CQMPs are responsible for the 
documentation of QA, equipment calibration, independent dosimetry audits 
and any other medical physics policies and procedures. 

(d) Clinical computing and networking: CQMPs have the knowledge and 
skills to assist in the clinical use of Intranets, e.g. reviewing/processing 
computer workstations or record and verify systems, and to perform basic 
computer system management and administrative tasks, apply image 
data processing techniques, e.g. image reconstruction, registration and 
fusion, and perform first line system troubleshooting to eliminate common 
computer problems. They are familiar with the core concepts and use of 
record and verify systems, picture archiving and communication systems, 
radiology information systems and hospital information systems. They are 
also knowledgeable on how to store, handle or distribute patient images 
and data between different workstations. They collaborate with computer 
engineers for the verification of network integration and data transfer to 
ensure that all systems are functional, and patient data are protected against 
unauthorized access and breach of privacy. 

(e) Research and development: CQMPs evaluate new technologies and 
investigate the adoption of new procedures, assisting in the training of 
clinical staff for their implementation. They support the physical and 
technical aspects of clinical research and often have a leading role in 
the medical research team, particularly in centres of high technological 
complexity. CQMPs play an important role in clinical protocols used in 
applied research. They carry out research and development in medical 
physics and instrumentation, monitor current advances in specific areas 
of research, and design project plans with milestones, experimental 
methodology and estimated time frames. 



9

(f) Education and training: CQMPs play a key role in the academic education 
and clinical training of medical physicists. They also lecture and develop 
educational material for medical practitioners, technologists, dosimetrists 
and nurses, as well as for students, residents and technical maintenance 
staff. In addition, they may also provide ongoing mentoring or clinical 
supervision of professionals, based on the requirements for their continued 
professional education and development.

4. roLEs AnD rEsPonsIBILItIEs sPECIfIC 
to EACH MEDICAL PHYsICs sPECIALtY

4.1. RADIATION THERAPY

Radiation therapy is the medical discipline which uses generators of 
ionizing radiation or radioactive sources to deliver a high radiation dose to 
a target volume containing a malignant or benign lesion, while sparing the 
surrounding healthy tissues. When external sources of x rays, gamma rays, 
electrons, protons and heavier ions, neutrons, etc. are used, the modality is 
called teletherapy. Another approach, known as brachytherapy, employs sealed 
radioactive sources emitting gamma rays, electrons or other possible particles to 
treat cancerous tissues in almost every anatomical site of the body; depending 
on the source geometry distribution, the technique is referred to as contact 
(intracavitary, intraluminal, endovascular or surface) or interstitial brachytherapy. 
Both modalities rely comprehensively on medical imaging techniques to localize 
the tumours and clinical volumes to be treated or spared. The medical specialty 
is often termed ‘radiation oncology’, although strictly this includes other aspects 
of cancer management in addition to the therapeutic use of radiation. Medical 
physicists are only involved with the patient once the clinical decision to include 
radiation therapy in the management of the patient has been decided and, for 
this reason, the term ‘radiation therapy physicist’ appears to be more consistent 
than ‘radiation oncology physicist’; there is, however, a substantial lack of 
harmonization of the terminology worldwide.

CQMPs in radiation therapy develop and implement procedures for 
dosimetry and treatment planning, for QA of processes and equipment, for 
treatment delivery and verification, and for the radiation safety and protection 
of patients, staff members and the public. Their knowledge is also applied to 
the development and optimization of new treatment techniques and they play 
an important role in the adoption, implementation, development, safe use and 
optimization of advanced techniques and technologies. The performance of the 
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medical physicists in radiation therapy is fundamental to providing a safe and 
qualified service. Hence, their scientific and practical training should include 
an in depth understanding of the clinical aspects of radiobiology. This includes 
the use of fractionation schemes accounting for gaps between radiation therapy 
fractions, biological treatment parameters for different tumour types, rationale 
for using x rays and electrons versus protons or heavier ions, distributions of 
energy deposition and linear energy transfer, and dose optimization. The main 
responsibilities and functions of CQMPs in radiation therapy are described below 
(summarized in Table 2):

(a) Installation design, technical specification, and acceptance and 
commissioning of equipment, including the establishment of criteria for 
acceptable performance: Within the technical specification, acceptance, 
commissioning and supervision of the proper operation of the installation 
and its equipment, and the establishment of criteria for its acceptable 
performance, the following roles and duties must be considered:

(i) CQMPs are an essential part of the team for the installation, design and 
shielding of new or modified radiation therapy rooms, ensuring that 
all safety requirements are complied with. They calculate and provide 
the thickness, material composition and placement of the shielding 
needed to protect patients, staff and the general public, thus ensuring 
that all requirements of safety and functionality are met. They also 
verify the adequacy of the shielding after installation.

(ii) CQMPs have a leading role in preparing equipment specifications 
according to the needs of the radiation therapy facility, and they 
participate in the tender evaluation and purchase recommendation of 
the equipment. They analyse the functional requirements for clinical 
use, and specify the necessary conditions for integration, compatibility 
and connectivity to existing equipment of the equipment to be 
purchased.

(iii) Following the installation of new equipment, CQMPs are responsible 
for specifying the basic standards to be applied for its acceptance and 
subsequent commissioning. They ensure that all units and systems 
function according to their technical specification and provide 
advice on any deviation of equipment performance from acceptable 
criteria, including guidance on decommissioning when appropriate. 
CQMPs also have, often in collaboration with computer engineers, 
responsibility for the verification of the computer systems and 
algorithms associated with the new equipment, and for ensuring that 
they are adequate for safe and effective clinical use. 
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(b) Radiation safety and protection of patients, staff and the general public: 
CQMPs have responsibilities in the development and implementation of 
a clinical radiation safety programme for the radiation protection of the 
patient in radiation therapy. In the majority of cases, however, they also 
have responsibilities with respect to radiation safety of the staff and the 
public, as it pertains to the radiation therapy service and infrastructure. 
CQMPs are responsible for developing the procedures needed for testing 
the integrity of the equipment and accessories, for the proper operation of 
interlocks and other safety aspects. 

(c) Patient radiation dosimetry: CQMPs are responsible for establishing 
procedures for the calculation and verification of the radiation dose 
to the patient. Their duties include dosimetry measurements using 
ionization chambers and other detectors for the reference and relative 
determination of absorbed dose from external beam radiation therapy and 
brachytherapy sources, development of methods to analyse the results of 
dose measurements, and verification of the accuracy of dose distributions 
delivered to patients. Tasks related to patient dosimetry include: 

(i) Acceptance testing and commissioning of radiation generators, 
radioactive sources and treatment planning systems (TPSs): CQMPs 
are responsible for the acceptance testing, commissioning and 
acquisition of all of the data needed for the clinical use of the imaging 
and treatment units (part of the commissioning process for entry into 
service): 

 — For all the energies, modalities and sources needed for the delivery 
of external beam radiation therapy and brachytherapy, the process 
includes measurements to establish the parameters characterizing 
the radiation sources, including additional measurements for 
commissioning accessories, which serve as reference values for 
future QC measurements, as well as for dose calculations at a 
reference point and for 2-D, 3-D and 4-D dose distributions.

 — Development of tables of data for clinical use: CQMPs are 
responsible for ensuring that data from the institution’s external 
beams and radioactive sources have been properly modelled and 
inserted into the TPSs during their commissioning; they record and 
tabulate the data in a way that is useful and intelligible to those 
who need to perform or verify dosimetry calculations.

(ii) Treatment planning and dose calculations: Medical physicists 
perform or supervise the calculations and measurements necessary for 
optimizing the dose distribution in the patient and ensure their proper 
application for the different types of treatment. These can either be 
manual or computer calculations and/or in-phantom measurements. 
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CQMPs are also responsible for the validation of image and data 
transfer to and from the TPS. Often, they also perform administrator 
duties for the TPS, applying system security policies, enabling data 
protection, import and export of data, backups, data storage and 
archival, system upgrades/updates, etc. 

(iii) Patient dose verification: CQMPs are responsible for patient specific 
dose verification measurements. They establish tolerances and action 
levels. This includes relevant in vivo dosimetry measurements using 
appropriate detectors.

(iv) Additional tasks in brachytherapy: Subsequent to the calibration 
of the radioactive sources used for brachytherapy, but still as a 
component of the commissioning process, CQMPs are responsible 
for the comparison with the manufacturer’s calibration certificates, 
resolving any discrepancy that may arise. To initiate treatments with 
manual after-loading implants, they are responsible for the transfer 
of the sources from the shielded safe to the patient’s room, and for 
the necessary radiation survey after the sources have been inserted 
into the applicators. They make periodic QC measurements to ensure 
that the computer controlled movements of the source are accurate. 
CQMPs are responsible for producing policies and procedures to 
ensure the safety and protection of patients, staff and members of 
the public for this type of source. They develop an emergency action 
plan, indicating the steps to be followed in the case that a source is 
lost or the computerized brachytherapy treatment system fails. When 
decommissioning a brachytherapy unit or sources, medical physicists 
are responsible for their radioactive waste disposal after removal of 
the source from the equipment.

(d) Optimization of physical aspects of therapeutic procedures: CQMPs have 
responsibilities for optimizing the physical and technical aspects of the 
therapeutic procedures used in their radiation therapy facility. This includes 
assisting in the selection of the appropriate positioning and immobilization 
aids for optimization of patient treatment plans according to the delivery 
techniques envisaged, overseeing the manufacture, QC and verification 
of beam shaping devices, performing the QA of the intensity modulation 
used for each treatment, defining the imaging protocols used for treatment 
planning and image guided radiation therapy (IGRT), and developing the 
methodologies used in the determination of set-up margins. 

(e) Quality management of the physical and technical aspects of radiation 
therapy: CQMPs participate as team members in establishing a quality 
management programme and have responsibility for the physical and 
technical aspects. Related tasks are:
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(i) Developing institutional policies and procedures related to the use 
of radiation, which includes responsibility for documenting and 
implementing new policies and procedures, or updating existing ones: 

 — Procedures related to health and safety, e.g. procedures related to 
radiation protection, personnel monitoring, reporting of incidents 
and near accidents, QA, safety during work in mould room 
workshops, patient and personnel radiation dose and associated 
risks;

 — Procedures related to equipment, e.g. procedures for the immediate 
notification of equipment failure to technical staff;

 — Procedures related to patient treatments, e.g. for the care of patients 
with special needs and review of dosimetry information noted in 
patient records;

 — Protocols and procedures related to improvement of quality of 
service, workflow, productivity of personnel, safe operation of new 
equipment and information systems, and training of personnel.

(ii) Establishing QA programmes and performing QC of all of the 
radiation generators (all radiation therapy imaging and treatment 
units), TPSs, radiation therapy networks, e.g. record and verify 
systems, and dosimetry equipment (ionization chambers and other 
detectors, electrometers, phantoms, scanners, etc.): One of the major 
tasks of QA in radiation therapy is the calibration of radiation sources. 
CQMPs are responsible for performing the calibration of radiation 
units and brachytherapy sources according to well established 
dosimetry protocols or codes of practice, and for ensuring compliance 
of radiation therapy equipment with national and international 
regulations and recommendations. They also verify the accuracy of the 
TPS and perform QC of individual treatment plans using independent 
dose calculation methods or systems. 

(iii) Performing risk assessments and identifying potential radiation 
emergencies, such as incidents resulting from equipment malfunction, 
human error or loss of radioactive sources: CQMPs develop plans 
of action to be followed in the event of such occurrences and 
carry out drills to verify that they can be implemented correctly. In 
general, CQMPs try to find ways to minimize the risk in each case, 
adopt mandatory peer review processes, follow continuous quality 
improvement methods and participate in external audits whenever 
possible.
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(iv) Investigating unintended or accidental medical exposures: CQMPs 
have responsibilities in analysing all incidents related to equipment 
failure, accident, error or other unsolicited event which could result in 
patients receiving an exposure that was significantly different, higher 
or lower, from that prescribed. CQMPs provide consultation on the 
doses received by patients or personnel and on their associated risks, 
and recommend measures to minimize the likelihood of accidents 
happening again.

(f) Collaboration with other clinical professionals: CQMPs are key members 
of the team of clinical professionals, including medical practitioners, 
technologists and nursing staff, that work together in the treatment of 
malignant diseases. The contribution of CQMPs in this respect includes:

(i) Consultation with radiation oncology medical practitioners on patient 
cases, in order to establish the optimal treatment technique including 
patient positioning and immobilization aids and accessories, and beam 
modifiers that may be needed and manufactured for the best outcome: 
CQMPs provide treatment plan assessments and proposals on how to 
optimize them. 

(ii) Collaboration with the technology staff in the set-up, correct treatment 
delivery and dosimetry of patients: Advanced treatment modalities, 
especially during initial implementation, may require more intensive 
collaboration, e.g. intensity modulated radiation therapy (IMRT) and 
IGRT. Some modalities, e.g. stereotactic radiosurgery and permanent 
prostate seed implant brachytherapy, require the physical presence of 
the CQMP during the procedure.

(iii) Comprehensive quality management systems require the input of the 
CQMP in regular peer review meetings, e.g. film review and new 
patient planning conferences.

4.2. MEDICAL IMAGING

Advances in medical imaging enable the acquisition of very accurate and 
precise information about the anatomy, physiology and functionality of different 
organs in the patient’s body. Patient images can be acquired using conventional 
or digital x ray imaging techniques, USI or MRI units and nuclear medicine 
imaging equipment. 

CQMPs are an important component of the team working in DIR and 
nuclear medicine. They have responsibilities in the optimization of the dose and 
image quality in medical imaging, including both diagnostic and interventional 
procedures. CQMPs work with medical practitioners and technologists to 
interpret and optimize the technical aspects of the different methods of image 
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acquisition and display. In the current digital era, CQMPs have a significant role 
in complicated imaging tasks, assisting medical practitioners and technologists 
in the selection of the optimal post-processing protocol and the optimization of 
digital image presentation and display. They also deal with patient safety and 
perform research and teaching tasks.

Owing to the technological differences between medical imaging with 
radioactive materials and x rays, the roles and responsibilities of CQMPs in 
nuclear medicine and DIR, respectively, are discussed separately in this section.

4.2.1. nuclear medicine

Nuclear medicine is the medical discipline which uses unsealed radioactive 
sources for a variety of diagnostic and therapeutic applications. Nuclear 
medicine procedures employ pure radioisotopes, or radioisotopes tagged 
to a specific molecule (e.g. monoclonal antibodies and peptides) to form a 
radiopharmaceutical, which is administered to patients intravenously or orally. 
The body metabolizes the radiopharmaceutical as if it were a ‘normal’ substance, 
the radionuclide distribution within the body is measured with an external detector 
and the acquired data are converted into images and analysed. The process allows 
visualization or tracking of organ function (even at a molecular level) in order 
to diagnose disease, which can lead to the early detection of abnormalities. At 
present, nuclear medicine deals mostly with diagnosis, and for this reason is 
often classified within diagnostic imaging.

The main fields of application of nuclear medicine are oncology, cardiology 
and neurosciences. Therapeutic applications are mainly related to cancer 
treatment and laboratory procedures, such as tumour marker determination, 
molecular biology applications and new emerging techniques for the evaluation 
of gene expression in several diseases. 

CQMPs in nuclear medicine contribute to the implementation and 
optimization of clinical procedures for diagnosis and treatment utilizing 
radionuclides. They have responsibilities in the management and dosimetry of 
all of the radioactive sources and for the planning of therapeutic applications, 
for the QA of processes and measuring equipment, and for the radiation safety 
and protection of patients, staff members and the public. They also analyse data 
to determine physiological variables, such as metabolic rates and blood flow. 
Their knowledge is applied to the development and optimization of new imaging 
techniques and they play an important role in the adoption, implementation, 
development, safe use and optimization of advanced technologies. The 
performance of medical physicists in nuclear medicine is fundamental to 
providing a safe and qualified service. Hence, their scientific and practical 
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training should include an in depth understanding of physiology, radiobiology 
and mathematical methods for imaging.

The main responsibilities and functions of CQMPs in nuclear medicine are 
listed below (summarized in Table 2):

(a) Installation design, technical specification, acceptance and 
commissioning of equipment, including the establishment of criteria for 
acceptable performance: Within the technical specification, acceptance, 
commissioning and supervision of the proper operation of the installation 
and its equipment, and the establishment of criteria for its acceptable 
performance, the following roles and duties must be considered: 

(i) CQMPs are an essential part of the design team for new installations. 
They are responsible for shielding and installation designs of new 
or modified nuclear medicine facilities, ensuring that all safety 
requirements are complied with. They calculate and provide the 
thickness, material composition and placement of shielding needed to 
protect patients, staff and the general public, and design the system for 
the management of isotopes and radioactive wastes, thus ensuring that 
all requirements of safety and functionality are met. They also verify 
the adequacy of the shielding after installation.

(ii) CQMPs have a leading role in preparing equipment specifications 
according to the needs of the nuclear medicine facility, and they 
participate in the tender evaluation and purchase recommendation of 
the equipment. They analyse the functional requirements for clinical 
use, and specify the necessary conditions for integration, compatibility 
and connectivity to existing equipment of the equipment to be 
purchased.

(iii) Following the installation of new equipment, CQMPs are responsible 
for specifying the basic standards to be applied for its acceptance and 
subsequent commissioning. They ensure that all units and systems 
function according to their technical specification and provide 
advice on any deviation of equipment performance from acceptable 
criteria, including guidance on decommissioning when appropriate. 
CQMPs also have, often in collaboration with computer engineers, 
responsibility for the verification of the computer systems; they assist 
medical practitioners in evaluating imaging or diagnostic algorithms 
for their safe and effective clinical use. They are responsible 
for authorizing the clinical use of the imaging equipment and 
instrumentation after a maintenance procedure. 
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(b) Radiation safety and protection of patients, staff and the general public: 
CQMPs have responsibilities in the development and implementation of 
a clinical radiation safety programme for the radiation protection of the 
patient in nuclear medicine. In the majority of cases, however, they also have 
responsibilities with respect to the radiation safety of the staff and the public, 
as it pertains to the nuclear medicine service and infrastructure. CQMPs are 
responsible for developing the procedures needed for testing the integrity 
of equipment and radioactive sources and for the proper operation of the 
equipment. They establish policies and procedures for the safe transport of 
these radionuclides, for precautions in the case of contamination or spillage 
of unsealed radionuclides, and for the management of radioactive waste 
as required by regulations. CQMPs have responsibilities with respect to 
discharging the patient after radionuclide therapy, based on the potential 
exposure of the public. They have responsibilities for communicating with 
the patients to provide instructions that can further minimize the exposure 
of relatives and the public after discharge. 

(c) Patient internal dosimetry: CQMPs are responsible for establishing 
procedures for the calculation and verification of the radiation dose 
received by different internal organs, as well as the total effective dose to 
the patient, resulting from the administration of radionuclide activity. They 
are also responsible for verifying the accuracy of such calculations. Tasks 
related to patient dosimetry include:

(i) Activity measurements and calculation of absorbed doses: CQMPs 
use activity distribution data and internal dosimetry methodology 
to estimate the dose absorbed by patients during different clinical 
procedures. This requires the use of manual or computerized models 
and/or in-phantom measurements. Judgement with respect to the 
applicability of the models used and the ability to synthesize new 
models is necessary, as well as knowledge to estimate dosimetry 
uncertainties.

(ii) Specific patient dose calculations: CQMPs are responsible for the 
measurement and/or calculation of individual patient dose, as well 
as foetal doses in cases where patients are found to be pregnant; this 
is particularly important in therapeutic applications where dosimetry 
needs to be done for each patient. They also establish tolerances 
and make judgements on the appropriateness of the measured data, 
including advice to the medical practitioner and the patient on any 
associated risks, especially those related to the induction of cancer. 
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(d) Optimization of the physical aspects of diagnostic procedures: CQMPs 
have responsibilities for the optimization of the physical aspects of the 
imaging systems (gamma cameras, single photon emission computed 
tomography (SPECT), positron emission tomography (PET), the latter 
two often combined with computed tomography (CT), etc.). They are 
responsible for the development and maintenance of a quality management 
programme for all imaging equipment, so as to produce images of optimal 
quality while minimizing the radiation dose delivered to patients. CQMPs 
are also responsible for the equipment and instrumentation needed to ensure 
proper QC, optimal image quality, monitoring of patient exposure, and 
determination of dose to individual organs from different nuclear medicine 
imaging procedures, as well as for the use of the appropriate guidelines 
and techniques. They can also assist medical practitioners in the evaluation 
of examination efficacy and participate in image quality and perception 
studies. 

(e) Quality management of the physical and technical aspects of nuclear 
medicine: CQMPs participate as team members in establishing a quality 
management programme and have responsibility for physical and technical 
aspects. Related tasks comprise:

(i) Developing institutional policies and procedures for the continuous 
optimization of radiation use, which includes responsibility for writing 
new policies and procedures, or updating existing ones:

 — Institutional policies and procedures related to improvement of 
quality of service, productivity of personnel, handling of new 
equipment and information systems, and training of personnel;

 — Patient imaging and treatment, e.g. for children or patients 
that require special attention, and review of clinical records, 
immediately reporting any anomalous finding to the responsible 
medical practitioner;

 — Radiation safety, e.g. procedures related to radiation protection, 
personnel monitoring, reporting of incidents and accidents, QA, 
safe handling of radioactive sources, radioactive wastes and 
personnel radiation dose and associated risks;

 — Radiation incidents and emergency notifications.
(ii) Establishing QA programmes ensuring that policies and procedures 

are in place, with appropriate elements of good practice for handling 
of radioactive material, for radiation protection of patients, and for QC 
and regulatory compliance of equipment, for example:
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 — Establishing and conducting regular QC procedures to verify 
that the technical parameters of imaging equipment performance 
remain within an acceptable range of variation with respect to the 
reference values.

 — Calibrating the radiation detectors and equipment used for 
measuring the activity of radioactive sources and radionuclides 
before they are used clinically: CQMPs are responsible for the QA 
of the equipment, in accordance with recommended guidelines.

 — Establishing procedures for the preparation of radiopharmaceuticals 
administered to patients for diagnostic or therapeutic purposes: 
CQMPs design QC processes to ensure the absence of traces of 
contaminants that may cause harm to patients. They also perform 
calculations to determine the necessary activity for therapeutic 
procedures and are responsible for patient dosimetry.

(iii) Performing risk assessments and identifying potential radiation 
emergencies, such as incidents resulting from equipment malfunction, 
human error, radioactive spill or losses of radioactive sources: 
CQMPs develop action procedures to be followed in the event of 
such occurrences and carry out drills to verify that procedures can 
be implemented correctly. In general, CQMPs try to find ways to 
minimize the risk in each case, adopt mandatory peer review processes, 
follow continuous quality improvement methods and participate in 
voluntary external audits whenever possible. 

(iv) Investigating unintended or accidental medical exposures: CQMPs 
have responsibilities in analysing all incidents related to equipment 
failure, accidents, errors or other unsolicited events which could 
result in patients receiving an exposure significantly different from 
that intended. CQMPs provide consultation on the doses received 
by patients or personnel and on the associated risks, and recommend 
measures to minimize the chances for accidents to happen again.

(f) Collaboration with other clinical professionals: CQMPs are key members 
of the team of clinical professionals, including medical practitioners, 
technologists, radiopharmacists or radiochemists and nursing staff, 
that work together for the diagnosis and/or treatment of patients. The 
contribution of medical physicists in this respect includes:

(i) Consultations with nuclear medicine medical practitioners on special 
cases where diagnostic tests or treatment require additional actions to 
those routinely established: The collaboration between the medical 
practitioners and the medical physicists helps in establishing the 
optimal approach for each case. 
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(ii) Supervision of technologists in the implementation of new clinical 
procedures, being key members of the team responsible for the 
introduction of new imaging or therapeutic procedures in the 
institution: CQMPs are also responsible for developing methods for 
QA of the new procedures.

4.2.2. Diagnostic and interventional radiology

The fields of DIR involve the use of x rays to produce morphological 
or functional images of the human body, based on the attenuation properties 
of x rays in the various tissues. Contrast media are frequently used in such 
procedures to enhance the image contrast between vascular structures and the 
surrounding tissues, or between different organs or histologies. In interventional 
procedures, the x ray images typically assist in guiding the operator during the 
positioning of catheters, coils, stents, etc., placed with the intention of obtaining 
diagnostic information or a therapeutic effect from the procedure. x rays are used 
to diagnose a vast spectrum of pathological conditions in the body. Owing to the 
different attenuation of diagnostic x rays in organs or tissues, and as x ray imaging 
allows for very high spatial resolution, x ray imaging is the preferred technique 
to image density and composition differences. The presentation of x ray images 
can be a 2-D projection, tomographic slice images or 3-D reconstructed volumes 
(tomographic techniques). Fluoroscopy images are presented in (close to) real 
time. Such systems are used mostly in surgical, angiographic and interventional 
procedures. x ray imaging is by far the most frequently used imaging method 
in medical applications, and as such also accounts for the bulk of radiation dose 
delivered to patients in medical exposure.

CQMPs in DIR contribute to the implementation and optimization 
of clinical x ray imaging procedures; the optimization of image quality 
versus radiation dose is a key task for medical physicists in this area. They 
are responsible for the dosimetry of the patient undergoing any of the x ray 
imaging modalities and for the QA procedures of such systems. This includes 
all of the hardware and software components used to obtain the x ray images 
that radiological medical practitioners use for the diagnostic evaluation of 
patient examinations. CQMPs also have responsibilities for the radiation safety 
and protection of patients, staff members and the public, related to the use of 
x rays in DIR procedures. Their knowledge is applied to the development 
and optimization of new imaging techniques, and they play an important role 
in the adoption, development, implementation, safe use and optimization of 
advanced techniques. The performance of medical physicists in diagnostic and 
interventional x ray imaging is fundamental in providing a safe and qualified 
service. Hence, their training should include a comprehensive understanding of 
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anatomy and physiology, image processing and mathematical methods used for 
image reconstruction.

The main responsibilities and functions of CQMPs in DIR are listed below 
(summarized in Table 2):

(a) Installation design, technical specification, acceptance and 
commissioning of equipment, including the establishment of criteria for 
acceptable performance: Within the technical specification, acceptance, 
commissioning and supervision of the proper operation of equipment, and 
the establishment of criteria for its acceptable performance, the following 
roles and duties must be considered:

(i) CQMPs are an essential part of the design team for new installations. 
They are responsible for shielding and installation design of new or 
modified radiology rooms, ensuring that all safety requirements are 
complied with. They calculate and provide the thickness, material 
composition and placement of shielding needed to protect patients, 
staff and the general public, and supervise the construction, thus 
guaranteeing that all requirements of safety and functionality are met. 
They also verify the adequacy of the shielding after installation.

(ii) CQMPs have a leading role in preparing equipment specifications and 
they participate in the tender evaluation and purchase recommendation 
of equipment. They perform analysis of the functional requirements 
for clinical use, and specify conditions for integration, compatibility 
and connectivity of the equipment to be purchased.

(iii) Following the installation of new equipment, or after any significant 
change or service, CQMPs are responsible for specifying the 
basic standards to be applied for its acceptance and subsequent 
commissioning. They ensure that all units and systems function 
according to their technical specifications and provide advice on 
any deviation of equipment performance from acceptable criteria, 
including guidance on decommissioning when appropriate. 
CQMPs also have, often in collaboration with computer engineers, 
responsibility for the verification of the computer systems; they assist 
medical practitioners in evaluating imaging or diagnostic algorithms 
for their safe and effective clinical use.

(b) Radiation safety and protection of patients, staff and the general public: 
CQMPs have responsibilities in the development and implementation 
of a clinical radiation safety programme for the radiation protection of 
patients in areas where DIR equipment is used. In the majority of cases, 
however, the CQMP also has responsibilities with respect to the radiation 
safety of the staff and the public, as it pertains to the radiology service 
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and infrastructure. CQMPs are responsible for developing procedures 
for testing the integrity of the equipment and accessories, for the proper 
operation of dosimetry equipment and other safety features. They also 
participate in the investigation of incidents involving radiation and they 
provide the appropriate report and documentation.

(c) Patient dosimetry: CQMPs are responsible for establishing procedures 
for the calculation and verification of the radiation dose received by the 
patient. Their duties include dosimetry measurements as well as the 
development of methods to analyse the results of the measurements and 
verify the accuracy of doses delivered to patients. In special cases, duties 
also involve individual patient dose calculations. Tasks related to patient 
dosimetry include:

(i) Measurements and calculation of absorbed doses: CQMPs use data 
acquired during commissioning and information from dosimetry 
measurements to estimate the absorbed dose by patients during 
different clinical procedures. This requires the use of analytical 
calculations, computerized models or in-phantom measurements. 
Judgement with respect to the applicability of the models used and the 
ability to synthesize new models is necessary, as well as knowledge to 
estimate dosimetry uncertainties.

(ii) Specific patient dose calculations: CQMPs are responsible for the 
measurement and/or calculation of individual patient doses and foetal 
doses in cases where a patient is found to be pregnant. This may 
include detailed measurements. They establish tolerances and make 
judgements on the appropriateness of the measured data, including 
advice to the medical practitioner and the patient on any associated 
risks, especially those related to the induction of cancer.

(iii) Patient dose estimations to establish diagnostic reference levels 
(DRLs), or to verify conformity with recommended DRLs by national 
or international regulations: CQMPs have responsibilities in reviewing 
procedures and equipment when DRLs are consistently exceeded in 
standard procedures 

(d) Optimization of physical aspects of diagnostic and interventional 
procedures: CQMPs have responsibilities in the optimization of the physical 
and technical aspects of the different processes used to produce medical 
images and the necessary imaging equipment (analogue and digital x ray 
units, CT, angiography units, etc.). They also assist medical practitioners in 
the evaluation of examination efficacy and participate in image quality and 
perception studies. 
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(e) Quality management of the physical and technical aspects: CQMPs 
participate as team members in establishing a quality management 
programme and have responsibility for the physical and technical aspects. 
They are primarily responsible for developing and implementing procedures 
for the initial and continuing evaluation of the DIR equipment as well as for 
the calibration of dosimetry equipment. Related tasks comprise:

(i) Developing institutional policies and procedures for the continuous 
optimization of radiation use, which includes responsibility for writing 
new policies and procedures, or updating existing ones, related to:

 — Policies and procedures related to objectives, such as improvement 
of quality of service, productivity of personnel, handling of new 
equipment and information systems, and training of personnel;

 — Procedures related to patient investigations, e.g. for patients 
with special needs, and review of patient dosimetry information,  
immediately reporting any anomalous finding to the responsible 
medical practitioner;

 — Procedures related to safety, e.g. procedures related to radiation 
protection, personnel monitoring, reporting of incidents and 
accidents, QA, and patient and personnel radiation dose and 
associated risks; 

 — Procedures related to equipment, for the immediate notification of 
equipment failure to technical staff.

(ii) Establishing a QA programme for verifying, setting and accepting 
the initial reference values of parameters for optimal image quality 
and the initial reference state of the imaging equipment: This 
includes developing and implementing QC, ensuring that periodic 
QC measurements are carried out for the x ray units and associated 
equipment for image visualization, processing, storage and printing. 
CQMPs are also responsible for ensuring compliance of the imaging 
equipment with government and accreditation agency regulations and 
recommendations.

(iii) Performing risk assessments and identifying possible radiation 
emergencies, such as incidents resulting from equipment malfunction 
or human error: CQMPs develop action procedures to be followed 
in the event of such occurrences and carry out drills to verify that 
procedures can be carried out correctly. 

(iv) Investigating unintended or accidental medical exposures, such 
as sentinel events in interventional radiology: CQMPs provide 
consultation on the doses received by patients or personnel and on the 
associated risks, and recommend measures to minimize the chances 
for accidents to happen again.
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(f) Collaboration with other clinical professionals: CQMPs are key members 
of the team of clinical professionals, including radiological medical 
practitioners and other clinical specialists, technologists and nursing 
staff, that work together for the diagnosis and treatment of patients. The 
contribution of medical physicists in this respect includes:

(i) Consultations to medical practitioners on special patient cases that 
may be encountered during diagnostic or interventional procedures 
that require additional actions to those routinely established: The 
collaboration between the medical practitioners and the CQMPs helps 
in establishing the optimal approach for each case.

(ii) Supervision of the technologists in the implementation of new clinical 
procedures, being key members of the team responsible for the 
introduction of new clinical procedures in the institution: CQMPs are 
also responsible for developing methods for QA of the new procedures.

4.2.3. other imaging areas

This section deals with the medical physicist’s role and responsibilities in 
the medical specialties of MRI and USI. Unlike the ionizing radiation produced 
by generators and radioactive sources discussed so far in this publication, MRI 
and USI do not ionize patient tissues when radiofrequency electromagnetic 
radiation or ultrasonic waves, respectively, deposit energy in a human body. 
Therefore, patient radiation dosimetry is not required in these imaging modalities 
although other physical and technical measurements need to be performed. The 
responsibilities of the CQMPs for the education and training of other clinical 
professionals do not differ from those described for ionizing radiation. However, 
the physical parameters, quantities and methodology used for the production of 
images with MRI and USI units are different from those discussed for ionizing 
radiation. Consequently, the roles and responsibilities of CQMPs in patient 
imaging, research and development of MRI and USI applications are specific 
to these imaging modalities. The most relevant aspects are delineated in the 
following. 

4.2.3.1. Magnetic resonance imaging

(a) Research, development and education: CQMPs apply their knowledge of 
the magnetic resonance process to research in clinical imaging based on 
the use of magnetic fields and radiofrequency power. They support the 
technical aspects of clinical research and often have a leading role in the 
medical research team. In specialized centres of high technical complexity, 
they carry out research and development in MRI and related instrumentation 
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(e.g. development of new pulse sequences, and coils for optimal imaging). 
CQMPs play an important role both in developing clinical protocols for 
applied research, as well as in the education of clinical staff on magnetic 
resonance, and safety issues and requirements for MRI equipment. 

(b) Safety and protection of patients, staff and the general public: CQMPs 
are responsible for the development and implementation of a clinical 
safety programme and for testing the integrity of the MRI equipment and 
accessories, for protection of patients. They are responsible for evaluating 
the biophysical risks of the MRI equipment, for measuring the fringe fields 
and establishing procedures for screening patients and staff for ferrous 
materials, for advising patients on safety issues related to magnetic fields 
(particularly patients with implants and pacemakers), for collaborating in 
drawing up fire protection measures and other emergency procedures, for 
setting safety procedures for varying magnetic field intensities, and for 
identifying controlled areas and putting in place the administrative controls 
required for MRI to comply with safety standards. In the majority of cases, 
CQMPs are also responsible for the safety of staff and the public. They also 
participate in the investigation of incidents involving MRI and they provide 
the appropriate report and documentation.

(c) Installation design, technical specification, acceptance and 
commissioning of equipment, including the establishment of criteria for 
acceptable performance: Within the technical specification, acceptance, 
commissioning and supervision of the proper operation of equipment, and 
the establishment of criteria for its acceptable performance, the following 
roles and duties must be considered: 

(i) CQMPs are an essential part of the design team for new MRI 
installations. They are responsible for ensuring that the requirements 
for integration and compatibility with other equipment and units are 
met, and that all safety and magnetic field uniformity requirements 
are complied with. They also verify that the quench pipe needed for 
the transfer of the inert helium gas to the open atmosphere in case of a 
quench accident has the correct diameter and length according to the 
facility construction plans. 

(ii) CQMPs have a leading role in preparing equipment specifications and 
they participate in the tender evaluation and purchase recommendation 
of equipment. They analyse the functional requirements for clinical 
use, and specify conditions for integration, compatibility and 
connectivity of the equipment to be purchased. 
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(iii) CQMPs are responsible for supervising the installation of new 
equipment and for specifying the basic standards to be applied 
for its acceptance and subsequent commissioning. They develop 
acceptance and commissioning procedures to ensure that the systems 
are functioning properly. They ensure that all units and systems 
function in accordance with their technical specifications and provide 
advice on any deviation of equipment performance from acceptable 
criteria, including guidance on decommissioning when appropriate. 
CQMPs also have, often in collaboration with computer engineers, 
responsibility for the verification of the computer systems; they assist 
medical practitioners in evaluating imaging or diagnostic algorithms 
for their safe and effective clinical use. They establish procedures for 
the application of special techniques (e.g. spectroscopy and functional 
magnetic resonance) before they are implemented in the clinic.

(iv) CQMPs are responsible for the technical supervision of equipment 
maintenance and for the subsequent verification of its operation, for 
recording the results of the tests realized, and for authorizing the 
clinical use of the equipment when the results are within acceptable 
limits or match the reference values obtained during the acceptance 
process. 

(d) Optimization of the physical and technical aspects of imaging procedures: 
CQMPs are responsible for the optimization of the physical and technical 
aspects of the MRI process and equipment used to produce medical images. 
This includes the optimization of pulse sequences, and the selection of 
coils when necessary, needed for improving imaging of different tissues 
and organs of the human body. CQMPs also assist medical practitioners 
in the evaluation of the examination and participate in image quality and 
perception studies. 

(e) Quality management of the physical and technical aspects of MRI: 
CQMPs participate as team members in establishing a quality management 
programme and have responsibility for the physical and technical 
aspects. They are primarily responsible for developing and implementing 
procedures for the initial and continuing evaluation of the MRI equipment. 
Related tasks comprise:

(i) Developing institutional policies and procedures for the optimal use 
of MRI, which includes responsibility for writing new policies and 
procedures, or updating existing ones: 

 — Policies and procedures related to objectives, such as the 
improvement of the quality of the service, productivity of 
personnel, handling of new equipment and information systems, 
and training of personnel;
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 — Procedures related to patient investigations, e.g. for care of patients 
that require special attention, and review of clinical records,  
immediately reporting any anomalous finding to the responsible 
medical practitioner;

 — Procedures related to safety, e.g. procedures related to patients with 
pacemakers, reporting of incidents and accidents, QA, intensity of 
magnetic fields around the magnet and associated risks;

 — Procedures related to equipment, e.g. for the immediate notification 
of equipment failure to technical staff.

(ii) Establishing a QA programme and the necessary QC processes, both 
for the MRI equipment and for the associated systems used for image 
visualization, including image storage and transfer systems: CQMPs 
are responsible for establishing and accepting the initial reference 
values of parameters related to the image quality and initial reference 
state of the imaging equipment, and for ensuring that periodic QC 
measurements are carried out to verify that the performance of the 
equipment is maintained. They are also responsible for ensuring 
compliance of the MRI equipment with government and accreditation 
agency regulations and recommendations.

(f) Collaboration with other clinical professionals: CQMPs are key members 
of the team of professionals, including magnetic resonance practitioners, 
technologists and nursing staff, working together for the diagnosis of 
patients. The contribution of medical physicists in this respect includes:

(i) Consultation with medical practitioners on special cases: Medical 
physicists consult with medical practitioners on special cases that may 
be encountered during MRI diagnostic imaging procedures. In patients 
where the exploration requires more than the routine established 
methods of diagnosis, the collaboration between medical practitioners 
and CQMPs helps to establish the optimal approach for each case, 
and provides advice on safety for the best outcome from such special 
cases. 

(ii) Supervision of technologists in the implementation of new clinical 
procedures: CQMPs are key members of the team responsible for the 
introduction of new clinical imaging procedures in their institution. 
They are also responsible for developing methods for QC of the new 
procedures. 

4.2.3.2. Ultrasound imaging

(a) Research, development and education: CQMPs apply their knowledge of 
the propagation of ultrasound waves in human tissues to conduct research 
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in clinical imaging based on the use of ultrasound equipment and probes. 
They play an important role in developing clinical protocols for applied 
research, as well as in the education of clinical staff on the principles and 
use of ultrasound equipment for medical imaging. 

(b) Safety and protection of patients, staff and the general public: CQMPs are 
responsible for the development and implementation of a clinical safety 
programme and for testing the integrity of the ultrasound equipment, 
probes and other accessories. They are also responsible for analysing and 
preventing possible biological effects or electrical accidents that may 
be associated with the use of ultrasound in the clinical procedures, thus 
ensuring the protection of patients and staff. 

(c) Installation design, technical specification, acceptance and commissioning 
of equipment, including the establishment of criteria for acceptable 
performance: Within the technical specification, acceptance, commissioning 
and supervision of the proper operation of equipment, and the establishment 
of criteria for its acceptable performance, the following roles and duties 
must be considered:

(i) CQMPs play an important role in preparing equipment specifications 
and requirements for integration and compatibility of new ultrasound 
units with other equipment, and they participate in the tender 
evaluation and purchase recommendation of equipment. They 
analyse the functional requirements for clinical use, and ensure that 
the technical specifications are in compliance with regulatory safety 
requirements.

(ii) CQMPs are responsible for the acceptance and commissioning of new 
ultrasound equipment. They ensure that new ultrasound units perform 
in accordance with their technical specifications, obtain reference 
values of imaging parameters for comparison with future QC 
measurements, and provide advice on any deviation of performance 
from acceptable criteria, including advice on decommissioning when 
appropriate. CQMPs also have, often in collaboration with computer 
engineers, responsibility for the verification of the computer systems; 
they assist medical practitioners in evaluating imaging or diagnostic 
algorithms for their safe and effective clinical use. 

(iii) CQMPs are responsible for the technical supervision of ultrasound 
equipment maintenance, and for the subsequent verification of its 
operation, for recording the results of the tests realized, and for 
authorizing the clinical use of the equipment after preventive or 
corrective maintenance. They also have responsibility for record 
keeping in compliance with existing regulations. 
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(d) Optimization of the physical and technical aspects of ultrasound imaging 
procedures: CQMPs are responsible for the optimization of the physical 
and technical aspects of the ultrasound processes and equipment used 
to produce medical images. They also assist medical practitioners in 
the evaluation of the examination and participate in image quality and 
perception studies.

(e) Quality management of the physical and technical aspects of ultrasound 
imaging: CQMPs participate as team members in establishing a quality 
management programme and have responsibility for its physical and 
technical aspects. They are primarily responsible for developing and 
implementing procedures for the initial and continuing evaluation of the 
USI equipment. Related tasks comprise:

(i) Developing institutional policies and procedures for the optimal use 
of ultrasound in clinical imaging, which includes responsibility for 
writing new policies and procedures, or updating existing ones:

 — Policies and procedures related to objectives, such as the 
improvement of the quality of the service, productivity of 
personnel, handling of new equipment and information systems, 
and training of personnel; 

 — Procedures related to equipment, e.g. for the immediate notification 
of equipment failure to technical staff. 

(ii) Establishing a QA programme and the necessary QC processes, 
both for the ultrasound equipment and for the associated systems 
used for image visualization, including image storage and transfer 
systems: CQMPs are responsible for establishing and accepting the 
initial reference values of parameters related to image quality and 
initial reference state of the imaging equipment, and for ensuring 
that periodic QC measurements are carried out to verify that the 
performance of the equipment is maintained. They are also responsible 
for ensuring compliance of the ultrasound equipment with government 
and accreditation agency regulations and recommendations.

(f) Collaboration with other clinical professionals: CQMPs are key 
members of the team of professionals, including ultrasound practitioners, 
technologists and nursing staff, working together for the diagnosis of 
patients. The contribution of CQMPs in this respect includes:

(i) Consultation with medical practitioners on special cases: CQMPs 
consult with medical practitioners on special cases that may be 
encountered during ultrasound diagnostic imaging procedures. In 
patients where the exploration requires more than the routine established 
methods of diagnosis, the collaboration between medical practitioners 
and CQMPs helps to establish the optimal approach for each case. 
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(ii) Supervision of technologists in the implementation of new clinical 
procedures: Medical physicists are responsible for supervising the 
introduction of new clinical imaging procedures in their institution. 
They are also responsible for developing methods for QC for the new 
procedures. 

4.3. OCCUPATIONAL AND PUBLIC RADIATION PROTECTION

The BSS [3] assign specific responsibilities to the medical physicist for 
medical exposures and the patient’s radiation protection, both intrinsically related 
to therapeutic and diagnostic procedures using ionizing radiation discussed in 
previous sections. The BSS [3] also introduce the term ‘radiation protection 
officer’ (RPO) for:

“A person technically competent in radiation protection matters relevant for 
a given type of practice who is designated by the registrant, licensee or 
employer to oversee the application of relevant requirements.” 

In many clinical environments, medical physicists have responsibilities not 
only for the safety of the patient, but also for the protection of the staff and the 
public, as well as for the safety of radioactive sources. As stated jointly by the 
IOMP and the International Radiation Protection Association [10], all medical 
physicists receive adequate training in radiation protection and, as part of their 
assigned duties, many act as RPOs in health facilities and/or participate as 
members of the radiation safety committee. One of the specialties of medical 
physics is medical health physics (radiation protection in medicine). Medical 
physicists trained in this specialty and working mostly in large teaching hospitals 
undertake the role of RPOs, which may require a higher level of training and 
more experience in radiation protection. 

The main roles and responsibilities of CQMPs in radiation protection in 
the workplace and for the public are described in this section. They are classified 
into two major areas, namely safety of the staff and the public, and safety of 
radioactive sources.

4.3.1. safety of the staff and the public

(a) Installation design, technical specification, acceptance and commissioning 
of equipment, including the establishment of criteria for acceptable 
performance: CQMPs collaborate in the shielding design of installations 
and ensure compliance with safety requirements, classify work areas into 
supervised and controlled areas, help to develop and define the technical 
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specifications for the purchase of new equipment for radiation protection 
and safety inspections, and develop procedures for the initial and continued 
evaluation of such equipment. They advise on practical methods to reduce 
the dose to the staff and the public who work or are in areas adjacent to 
rooms where radiation equipment is installed or radioactive sources 
used. In addition, they are responsible for designating the areas in which 
pregnant, occupationally-exposed women may not work. They also 
perform calculations and surveys to verify the adequacy of the existing 
shielding in these rooms using their relevant dimensions, occupancy 
factors and workload, and establish criteria for the access to rooms that 
are controlled, with limited access to members of the public, supervising 
their implementation. CQMPs are also responsible for supervising the 
installation of new radiation protection equipment and for performing 
acceptance testing and commissioning of such equipment, including related 
computer systems, their algorithms, data and results. 

(b) Radiation safety programme for the protection of staff and the 
general public: CQMPs have responsibilities in the development and 
implementation of a clinical radiation safety programme for the hospital, 
including policies and procedures for the radiological protection and safety 
of the workers and the public. CQMPs carry out hazard assessment of the 
facilities and procedures, and establish whether the existing procedures are 
adequate (taking into account the type of radiation sources), the dose rates 
to which staff members may be exposed, the results of personnel dosimetry 
obtained for similar activities, control measures in place, and the need for 
personal protection devices, such as lead aprons, thyroid shields, goggles 
and other devices. They ensure that the latter are correctly used and tested 
periodically for integrity. CQMPs have responsibilities in establishing 
policies and procedures for the safe transport of radioactive material, for 
precautions in cases of contamination or spillage of unsealed radionuclides, 
for the management of radioactive waste and for the integrity and proper 
operation of survey meters and other measuring equipment, as required by 
the regulations

(c) Radiation dosimetry: CQMPs organize and provide personnel dosimetry 
and monitoring systems at a local level, following the local legislative 
procedures. Records of personnel dosimetry and of estimated doses 
received by members of the public are maintained for the period of time 
specified in national regulations. They also have responsibilities in 
investigating anomalous exposures and determine whether any radiological 
hazard is present, and if so to what extent, particularly when hazards result 
from gamma rays emitted by radioactive sources or from ionizing radiation 
emitted by equipment used for diagnosis or treatment. They develop 



38

procedures and contingency plans to deal with unintended or accidental 
exposures, and make recommendations on actions required to minimize the 
likelihood of such unintended exposures happening again. In addition, they 
provide the required surveys, interpret their results and evaluate compliance 
with the appropriate regulatory bodies. 

(d) Optimization of the physical and technical aspects of radiation safety 
procedures: CQMPs carry out radiation protection and safety audits, and 
identify whether appropriate licences exist. They ensure that radiation 
areas are properly designated and warning signs are in place, and that 
radiological checks of the working areas provide evidence for compliance 
with the existing radiation protection policies and procedures, as well as 
with regulatory and accreditation agency rules and recommendations.

(e) Quality management of the physical and technical aspects of radiation safety 
equipment: CQMPs have responsibilities in developing, implementing and 
supervising the physical aspects of the quality management programme 
for the equipment used for radiation protection of the staff and the public. 
Related tasks include:

(i) Developing institutional policies and procedures for the safe 
and optimal use of equipment used for radiation detection and 
measurement.

(ii) Establishing QA programmes and performing QC for all of the 
radiation protection equipment: CQMPs are responsible for the 
selection, periodic calibration and QC processes used to establish the 
correct operation of equipment used for radiation surveys, as well 
as for the associated systems used for environmental monitoring, as 
required by the regulations.

(iii) Carrying out risk assessment and management: CQMPs are 
responsible for the integrity of the survey meters and other equipment 
used to measure the radiation levels to which staff and/or the public is 
exposed, and for establishing methods to minimize the radiation dose 
to the staff and the public, thus reducing the associated risks. 

(f) Collaboration with other clinical professionals: CQMPs work with other 
clinical professionals, including medical practitioners, technologists and 
nursing staff, on special cases that may be encountered in the clinical 
environment and may compromise the safety of the staff and the public, 
e.g. an accident during the transport of radioactive materials. In such 
cases, the members of the public and/or the driver that may be involved, 
injured or contaminated are brought to the hospital for observation and 
possible treatment. The role of the CQMP, acting in most cases as RPO, 
is essential in providing instructions on the actions to be taken for triage 
and decontamination of such victims without spreading the contamination, 
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and to prevent unnecessary radiation exposure of staff members and other 
patients during treatment. Collaboration between medical practitioners and 
medical physicists helps to establish the optimal approach for each case, 
and the CQMP provides advice on safety for the best and safest outcome of 
such special situations.

(g) Education and training: CQMPs provide education and continuous training 
to clinical staff on radiation safety and radiological protection. They ensure 
that training programmes are in place and deliver lectures and practical 
training to staff on the basic principles of radiation safety, including the 
classification of controlled and supervised areas, the expected exposure 
resulting from different diagnostic or therapeutic procedures using radiation 
sources, and establish and promote a safety culture and the concept of 
defence in depth. 

4.3.2. safety of radioactive sources

(a) CQMPs establish procedures for the safe transport of radioactive sources 
and equipment that emit or use radiation within the hospital complex, 
taking into account all regulatory requirements and safety considerations. 
This includes transfer of ownership of sources during delivery or disposal.

(b) CQMPs develop a programme of physical security for radioactive sources, 
including procedures for receiving, storing securely, stock-taking and 
controlling their fixed or temporary location at the hospital. They plan and 
supervise regular inventories of all of the radioactive sources, ensuring 
their safe disposal as radioactive waste when relevant, according to national 
and international safety regulations and recommendations.

(c) CQMPs perform risk assessments and identify possible accidents or losses 
of radioactive sources, develop action procedures to be followed in the 
event of such occurrences and carry out exercises to verify that they can be 
implemented correctly.

5. stAffInG AnD orGAnIZAtIon of 
A MEDICAL PHYsICs sErVICE

Staffing requirements for providing medical physics services supporting the 
efficient and safe care of patients need to be defined using criteria consistent with 
current medical practice. The impact of the continuous development of medical 
technology and its applications, as well as changes in the regulatory requirements 
worldwide, make most previous recommendations on staffing outdated. Although 
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the scope of this publication does not include providing details on this topic, it 
seems advisable to reflect the current status of recommendations for staffing 
levels.

Few organizations have considered staffing requirements in detail, 
including the impact of academic and clinical training activities (to be discussed 
in the next section) and the criteria, therefore, vary considerably worldwide. 
Radiation therapy physics is probably the specialty that has received the most 
attention, the most recent being from the Institute of Physics and Engineering in 
Medicine (IPEM) [11] and the American Association of Physicists in Medicine 
(AAPM) [12]. The European Federation of Organisations for Medical Physics 
(EFOMP) [13] and the IAEA (for Latin America) [14] have provided criteria for 
all of the specialties. Whereas old recommendations were mostly based on the 
amount of equipment available at an institution (e.g. those from the AAPM for 
diagnostic radiology dated 1991 [7]), it has become more common to consider 
the amount and complexity of equipment, the number of patients, the complexity 
of the procedures, and the departmental organization. For the latter, it should 
be noted that some countries allow for certain medical physicists’ tasks to be 
delegated to technologists, dosimetrists or other personnel, working under the 
supervision of a CQMP (see Appendix II).

Detailed examples of staffing levels based on their specific requirements 
have been provided in most publications. The IPEM [11], for instance, considers 
a large radiation therapy facility including four multi-modality and four single-
modality accelerators (half of them equipped with IGRT systems), and two CT 
simulators. The workload is 4800 patients per year of whom half are treated 
palliatively and 400 are treated with special techniques such as IMRT and 
total body irradiation. In addition, 350 patients are treated with high dose rate 
brachytherapy and 100 with low dose brachytherapy seeds. The calculations 
yield estimates of 16 CQMPs, 19 technologists or dosimetrists, and 8 engineers. 
The IAEA’s estimates [14] are not too dissimilar for an advanced facility with the 
same characteristics. However, a basic radiation therapy department, comprising 
three 60Co units, one conventional simulator, a 2-D TPS and 1600 treatments per 
year, requires 2 CQMPs and 2.5 dosimetrists according to the IAEA [14]; these 
are substantially different from the estimates resulting from the requirements of 
the EFOMP. Similar evaluations for nuclear medicine and diagnostic radiology 
facilities, as well as for radiation protection, based on publications of the AAPM, 
EFOMP and IAEA, also yield considerable differences. The need for harmonized 
criteria is, therefore, recognized.

The organization of the medical physics services is frequently governed 
by the size and type of medical facility, though it varies considerably. Medical 
physicists in large general hospitals are often organized into an autonomous 
medical physics department which provides services to the various clinical 
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departments. Alternatively, they are staff members of independent DIR, 
cardiology, neurosurgery, nuclear medicine or radiation therapy departments. In 
small facilities, there may be only one full time CQMP available, supported by an 
external CQMP, as a consultant, to provide backup [13]. 

CQMPs with complementary specializations should collaborate to meet the 
necessary requirements for optimal patient care. Depending on the size and needs 
of the facility, CQMPs with different qualifications (and possibly pertaining to 
different departments) may work jointly to provide medical physics support, thus 
fulfilling the needs of the organization. For example, the QA programme and 
necessary QC procedures of CT or MRI scanners located in a radiation therapy 
department, or SPECT/CT and PET/CT imaging units located in a nuclear 
medicine department, in both cases operated by local, trained clinical staff, 
may be developed and implemented by CQMPs working in the DIR or MRI 
departments, suitably trained in the techniques necessary for CT or MRI units. 
In such cases, the CQMPs from different departments should consult to ensure 
that all of the medical physics roles are fulfilled. If collaboration or support is 
not possible, the radiation therapy or nuclear medicine medical physicists must 
undergo appropriate training to be able to undertake the QA and QC of relevant 
equipment in their departments. Another possible situation often found in some 
large departments arises from the sub-specialization that some CQMPs may 
have, e.g. for external beam and brachytherapy treatments; in such situations, 
the facility management should ensure that adequate coverage is available for all 
sub-specialties at all times.

In all cases, CQMPs should be aware of the limitations of their own 
specialization. If roles for which they are not qualified or competent need to 
be fulfilled, they should seek the support of appropriate CQMPs or obtain the 
necessary qualifications by being mentored by a suitable CQMP, or by taking 
CPD courses for further education. In exceptional cases, they could undertake a 
self-directed educational programme.

5.1. STAFFING REQUIREMENTS

Medical physics is part of an interdisciplinary team composed of other health 
care professionals, such as radiological medical practitioners, radiopharmacists, 
biomedical engineers, technicians, radiographers, dosimetrists and nurses; it 
is necessary to define overall staffing requirements for providing appropriate 
health care services to support the efficient and safe care of patients, which are 
consistent with current best medical practice. A patient centred approach will 
help ensure that all overlapping activities in radiation medicine are accounted for, 
irrespective of the profession. 
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Staffing levels in the clinical environment are not only important for 
planning and budgetary purposes, and fundamental to patient safety, but they 
are often also specified for practice accreditation purposes and professional 
certification. The estimation of reasonable staffing levels to support radiation 
medicine services has often been loosely based on population size, equipment 
availability, disease incidence, etc. Retrospective subjective estimates based on 
existing practice are often the benchmark for predicting future staffing needs 
locally. Detailed measurements of how long each procedure and activity take to 
perform are probably the most objective basic evidence required to estimate full 
time equivalent staffing levels. Such measurements are logically more useful and 
valid if they are performed in a variety of clinics, services and on staff with a 
wide range of experience. Median values obtained from national surveys have 
been used extensively to support medical physics staffing levels.

It is unlikely that accurate estimations of every possible professional 
activity can be obtained as this is clearly an onerous task. Furthermore, new 
procedures are developed all the time and new technology is introduced, so this 
is recognized as a dynamic process. This is another reason why workload staffing 
surveys will always lag behind technological developments by a considerable 
number of years. In these cases, benchmarking or professional expert consensus 
is the next best option. 

Activities often need to be grouped because some activities can only be 
performed safely if they are attended to by more than one person, e.g. treatment 
delivery in radiation therapy. In some cases, more than one type of professional 
may need to be in attendance during a single procedure. On the other hand, not 
all procedures involve professional activities that are directly linked to equipment 
utilization, e.g. the activity of reporting images does not always require that the 
radiologist or nuclear medicine medical practitioner be present during the actual 
image acquisition procedure.

There is very little documentation based on evidence that precisely 
quantifies the number and type of professional(s) needed to support a service 
and that is also directly related to patient workload, technology, technique, 
procedures and infrastructure. It is recognized that a tool is required which 
provides hospital managers with staffing guidelines that are transparent, flexible 
and allow for an expansion of existing services, a broader range of modalities, 
emerging technologies, and in so doing, maintain safe, effective and quality 
patient care. In this context, the IAEA has assembled a team of experts and 
representatives from professional societies to develop a ‘universal’ guide and 
a set of models for estimating staffing levels for the three radiation medicine 
specialties (DIR, nuclear medicine and radiation oncology). Although the models 
being developed for the three specialties are different, they are all based on: 
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(a) An analysis of the tasks which need to be performed by the relevant staff; 
(b) Their duration;
(c) The clinical workload (number of patients, examinations, procedures, etc.). 

The three algorithms require the user to define the local working conditions 
and to estimate the workload, the number of pieces of equipment and modalities, 
the number of procedures and/or the techniques to be employed within each 
specialty. The specific user inputs required for each discipline, e.g. number of 
procedures in radiology and nuclear medicine, or the number of patients treated 
per year in radiation oncology, are based on statistics that were considered to be 
readily available to users of the tool, or alternatively can be estimated from other 
indicators such as the patient population and case mix. The models are currently 
in the process of being validated in a wide range of departments.

For example, in radiation oncology, services are provided primarily by 
three professional groups: radiation oncologists, CQMPs and medical radiation 
technologists, with additional support services provided by radiation oncology 
nurses, mechanical and electrical engineers, and information technology (IT) 
experts. In some countries, medical dosimetrists are recognized as an additional 
professional group in radiation therapy (see Appendix II). Optimal radiation 
therapy is only achieved when these professionals work together as a team 
and the process is, therefore, seamless. The radiation oncology model 
represents an activity based approach to defining required staffing levels and 
reflects all activities over the entire radiation therapy pathway: patient related 
activities, equipment maintenance and QC, special procedures, management, 
administration, education and research. It relates only to the professionals 
specifically dedicated to the radiation oncology service — medical oncology is 
not included, for instance. It is based on a defined number of working hours per 
day/week accounting for annual leave. These parameters can be adjusted to the 
local situation. 

The individual identified tasks relate to the prescription, preparation, 
imaging, treatment planning, treatment delivery and follow-up of patients 
receiving external beam radiation therapy and brachytherapy. The personnel 
carrying out the tasks have been defined under services rather than a profession 
as it is acknowledged that different professionals may carry out the same task 
in different resource settings. In this way, the tool has been designed to offer 
maximum flexibility. The services defined are: radiation oncology service, 
medical physics service, radiation therapy technology service, treatment planning 
service, radiation oncology nurse service, mechanical engineering and electrical 
engineering services, and IT support. Each task has been defined in terms of an 
estimated time frame within which it can be realistically completed based on best 
evidence or consensus based practice. The time frame was then subsequently 
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related to each of the services typically performing these tasks. In other words, 
for each task, in addition to an estimated overall time, the time spent by each type 
of professional to accomplish the task is also estimated. 

The number of patients and fractions treated within a department are 
entered such that they reflect the complexity level of the department practice 
and, thereby, enable individual departments to calculate the number of full time 
equivalent staff necessary to support a range of technology. The guideline and 
tool have, therefore, been designed to be flexible and facilitate each department 
to calculate the requirement based on the resources available to them and the 
knowledge and skill sets of their staff. 

6. rECoMMEnDAtIons for tHE ACADEMIC AnD 
CLInICAL trAInInG of 

CLInICALLY QUALIfIED MEDICAL PHYsICIsts

6.1. CURRENT STATUS

Medical physicists working as health professionals shall demonstrate 
competency in their discipline by obtaining the appropriate educational 
qualification and clinical competency training in one or more subfields of medical 
physics. The current requirements for the qualification of medical physicists vary 
largely throughout the world (cf. Refs [15–18]). This variation has recently been 
confirmed by the results of two large scale surveys undertaken by the EFOMP in 
2006 [19] and the IAEA in 2010–2011, which together included responses from 
77 countries on five continents. 

Acknowledging that different interpretations may have occurred with some 
questions, and that even within a country the requirements may vary among 
different institutions, the overall analysis is shown in Fig. 1. The left panel 
indicates that the minimum ‘academic education and clinical training’ time frame 
for employment as a medical physicist at a hospital varies between three and nine 
years, the average being about six years. The requirements for the time fraction 
spent in basic, postgraduate and clinical training varies enormously, as shown 
in the right panel, ranging from a basic three year degree without any clinical 
training to nine years including all three components. Basic physics studies of 
approximately four years are the most common modality for over 90% of the 
respondents, and for countries with a postgraduate system, one or two year 
programmes are most frequent. The largest discrepancy found in the analysis 
corresponds to the clinical training programmes across different countries. Their 
duration varies from non-existent to a four year requirement. They also have 
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rather different formats; for example, among the formally structured programmes, 
20% have a residency system or on the job training for the first years, 29% have 
it as a component of the postgraduate programme and 51% do not have structured 
clinical training. The assessment of the skills acquired during the clinical training 
also shows rather different patterns, ranging from a formal examination (57%) 
to continuous assessment (9%) or a combination of the two (23%); 11% of 
the responses were unspecified. It is worth noting that a significant number of 
countries having formal clinical training have their trainees remunerated as staff 
members, and that some countries have their trainees employed automatically 
upon completion of the training programme, whereas others do not guarantee 
employment.

6.2. QUALIFICATION REQUIREMENTS FOR ACADEMIC AND 
CLINICAL TRAINING

The analysis points to the need for establishing harmonized criteria on 
the minimum recommendations for academic and clinical training of medical 
physicists. This could be used to achieve common standards of competence 
worldwide. Based on the findings of the surveys and the guidelines issued by a 
number of international organizations, such as the EFOMP [17], the IOMP [18] and 
the European Commission [20], the following recommendations on academic 
and clinical training leading to the status of CQMP are made. 

FIG. 1. Results of two comprehensive surveys on the requirements for the qualification of 
medical physicists made by the EFOMP in 2006 [19] and the IAEA in 2010–2011 which 
include responses from 77 countries. The left panel shows the minimum ‘academic education 
and clinical training’ time frame for employment as a medical physicist. The right panel 
illustrates the time fraction spent in basic, postgraduate and clinical training for each group. 
The figures on top of the bar chart in the left panel and on the right hand column in the right 
panel indicate the number of countries.
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The recommended standard route is to fulfil studies at the level of a basic 
university degree in physics, engineering or equivalent (i.e. a 3–4 year degree 
including advanced mathematics and physics), followed by:

(a) A postgraduate degree in medical physics: This could be an MSc or equivalent 
degree of 1–3 years including courses covering all of the specialties of 
medical physics, which is completed with a research report in one of them. 
Examples of course syllabuses have been published by the IAEA in the 
form of handbooks on radiation oncology physics [21], diagnostic radiology 
physics [22] and nuclear medicine physics [23], and by scientific and 
professional organizations such as the AAPM [24, 25] and IPEM [26].

(b) Clinical training for a period of not less than two years in one of the 
specialties of medical physics in the form of a structured residency 
programme, supervised by a senior CQMP: Examples of medical physics 
clinical training programmes can be found in the IAEA’s Training Course 
Series Nos 371, 472 and 503 [27–29]. Clinical training for each additional 
specialty should be accomplished by a period of not less than one year. 
The clinical training programmes developed for each specialty should 
emphasize the roles and responsibilities of the CQMP in the respective 
discipline, as described in Sections 2–4.

The following conditions should be observed during the clinical residency 
programme:
(i) The training is to be carried out in a hospital.

(ii) It shall consist of full time equivalent years, meaning that if the clinical 
training programme includes academic courses, the allocated time for 
the clinical training must be extended accordingly.

(iii) The trainees entering the programme and any academic courses 
included in it shall be formally assessed to ensure their knowledge 
and competencies. Even when continuous assessment is conducted, it 
should be complemented with oral and/or written examinations.

(iv) The centres where clinical training will be performed shall offer a 
broad range of relevant clinical procedures, and shall be equipped 
with a complete range of dosimetry and QC equipment, so that the 
resident will be appropriately trained in a wide spectrum of techniques. 
Additional resources such as a library, computers and Internet access 
should also be available.

1 This publication is also available in French, Russian and Spanish.
2 This publication is also available in French and Spanish.
3 This publication is also available in French. A Spanish version is in preparation.
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(v) It is advisable that the number of trainees per supervisor not exceed 
two or three at any given time, depending on the clinical duties of the 
supervisor. Should the supervision be shared by a group of trainers, the 
amount of supervision shall be added, so that the total corresponds to 
one full time equivalent supervisor.

An alternative route is to enter the training process having a postgraduate 
degree (MSc or PhD) in physics, engineering or equivalent, in which case the 
incumbent shall take appropriate academic courses covering all of the relevant 
specialties of medical physics (cf. Refs [30, 31]). This can be taken prior to or 
during the period of clinical training. In this case, point (b)(ii) above applies.

The three steps above complete the minimum qualification requirements 
for the CQMP. It is emphasized that the indicated year intervals are intended 
to provide minimum periods for each component. Thus, for the academic 
component, they correspond to possible different lengths of the basic and 
postgraduate academic periods, which in total should be 4–7 years, depending on 
national university cycles. Similarly, the effective duration of the clinical training 
should be no shorter than two years and if it includes other activities (e.g. courses 
and academic project work), its length needs to be extended accordingly to three 
years or even more. Clinical training should be competency based. Overall, the 
academic education and clinical training should extend over a minimum period 
of, typically, seven years, which is similar to that of medical specialists in most 
countries.

6.3. ACCREDITATION, CERTIFICATION AND REGISTRATION

The formal process by which an independent recognized body (professional 
and/or governmental) evaluates and recognizes that a programme or a clinical 
site meets pre-determined requirements or criteria is called accreditation. It is 
highly desirable that both the postgraduate academic programme and the clinical 
residency be formally accredited by a national or international professional 
body authorized by the government or by a relevant government office. It is 
emphasized that accreditation does not constitute a permanent status, and should 
be renewed periodically.

Certification (or ‘credentialing’) is the formal process by which 
an authorized body (governmental or non-governmental) evaluates and 
recognizes the knowledge and proficiency of an individual, which must satisfy 
pre-determined requirements or criteria. Certification of CQMPs should be 
mandatory, as it is with most other health professionals. It helps to achieve a 
homogeneous professional standard at the national (and international) level 
which ensures quality and safety in radiation medicine. As with accreditation, 
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certification does not provide a permanent standing, and a regular re-certification 
system should be implemented in order to demonstrate that the CQMP maintains 
current knowledge of modern technologies, methods and practice standards. This 
is usually achieved via a CPD programme (see below).

Professional certification of CQMPs, as for other health professionals, 
should ideally be conducted by national boards. International boards could 
provide guidelines on the standards, requirements and format of certification, and 
perform accreditation of certification systems. International boards may grant 
and issue certificates to applicants who have been found qualified, maintain a 
registry of holders of such certificates, and serve the public by preparing and 
furnishing lists of CQMPs who have been certified by the international body. 
National medical physics organizations should share expertise, experience and 
resources on setting up and running certification systems. Countries that do not 
have professional certification systems in place may consider starting with a 
voluntary system and transit to a mandatory one when the system matures. They 
could seek consultation and support from established national and international 
certification boards. Countries which have difficulties in forming certification 
boards for reasons such as a small number of medical physicists and/or a shortage 
of trainers could consider having their medical physicists obtain certification 
from countries where board certification systems exist. Countries that are already 
running voluntary certification systems should consider transforming them into 
mandatory systems.

The process of certification should lead to that of registration, where 
records of certified professionals are maintained and organized in the form of 
databases or rosters. The registry should ideally be a legal system which can be 
operated by a governmental office or by a professional body authorized by the 
government, but it should be at the national level. A government operated CQMP 
registry has the advantage that professional requirements can be implemented 
in a harmonized way across the country, in a similar manner to requirements 
for regulating other professionals, e.g. architects and medical practitioners. In 
some countries, registration is a requirement to obtain a professional licence 
to practise, which is an effective QC mechanism to measure professional 
competence.

6.4. CONTINUING PROFESSIONAL DEVELOPMENT PROGRAMME

CPD is one of the essential measures in maintaining professional 
competency, particularly for certified CQMPs. Its goal is to keep professional 
knowledge and skills up to date. The concept of CPD varies from country to 
country, but, in general, includes participation in educational and scientific 
activities such as conferences, symposia, courses and workshops, and education 
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and training duties of medical physicists and other clinical professionals. 
Research and development oriented activities also pertain to CPD, including 
individual contributions to journals or books, publications and refereeing. Highly 
developed CPD systems often require professionals to participate in a range 
of activities, including ongoing education in ethics. Formal CPD programmes 
should include an evaluation mechanism, such as a credit based system, where 
CQMPs are awarded a number of points for each activity they participate in. 
These should form part of the criteria for re-certification. An appropriate CPD 
system should be implemented in every country. National professional societies 
can play a major role in organizing and accrediting CPD events. For countries 
that do not have a certification system in place, a voluntary CPD programme is 
highly recommended. 

6.5. SUMMARY OF QUALIFICATION REQUIREMENTS

The recommended minimum academic education and clinical training 
requirements, and the steps involved in establishing the level of a CQMP are 
summarized in the flow chart in Fig. 2. 
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Basic degree in physics
(or equivalent academic degree)

Postgraduate programme
in medical physics

MSc or PhD in physics
(or equivalent academic degree)

Complete academic courses 
in medical physics

Supervised clinical training
(residency)

3–4 years

1–3 years

2–3 years
ACCREDITED

PROGRAMMES

Clinically qualified medical physicist

Certification/ 
re-certification

State registration

Continuing
professional
development

FIG. 2. Recommendations on minimum requirements for the academic education and clinical 
training of a clinically qualified medical physicist. Two possible academic based routes lead to 
the mandatory clinical training component. The intervals in years for the academic component 
correspond to the possible different lengths of the basic and postgraduate academic periods, 
which in total should be 4–7 years depending on national university cycles. Similarly, the 
clinical training period may include academic courses in medical physics, but should be no 
shorter than two years. Overall, academic education and clinical training should extend over 
a minimum period of, typically, seven years.
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Appendix I 
 

CoDE of EtHICs for MEDICAL PHYsICIsts worKInG 
In tHE CLInICAL EnVIronMEnt

This code of ethics and professional conduct is based on publications 
and information from the AAPM [32, 33] and the Health and Care Professions 
Council [34]. It includes two major sections, namely principles and guidelines. 
The principles are standards of ethical conduct intended to help medical 
physicists perform their duties and conduct themselves in a professional way, 
showing respect to patients, their colleagues and the public. The guidelines are 
instructions to help medical physicists interpret and implement the principles, and 
although they may not specifically address all situations, they include guidelines 
for professional conduct, research ethics and education/teaching ethics. In some 
countries, postgraduate students participating in clinical research or residents 
undergoing clinical training in medical physics may also have to register with 
the national authority that regulates the professional conduct of health workers. 
In addition, ethical guidelines pertaining to business, government, employment, 
complaints, hearings and malpractice may be applicable.

I.1. PRINCIPLES OF PROFESSIONAL CONDUCT

Medical physicists shall abide by the following principles:

(a) Strive to provide the best quality patient care with competent and 
professional service. Ensure that the well-being, interests and dignity of 
patients are promoted and safeguarded at all times.

(b) Safeguard patient and professional confidences and privacy. Respect 
confidential information obtained on patients in the course of professional 
practice.

(c) Respect the rights of patients, colleagues, health professionals and those in 
training.

(d) Recognize one’s own limitations of knowledge, skill or time and 
seek consultations and assistance when indicated. Do not undertake 
any assignments or responsibilities that are beyond one’s abilities or 
competencies.

(e) Respect the law and regulatory requirements for the safe and effective 
practice of the profession. Do not undertake employment or consultation 
which is contrary to the law or the public’s welfare.
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(f) Be honest in all professional interactions and in one’s own work. Avoid 
conduct that may be derogatory to the dignity of the profession. All relations 
with employers, co-workers, governmental agencies and the general public 
shall be based upon and shall reflect the highest standard of integrity and 
fairness.

(g) The relationship among medical physicists and other health professionals 
shall be open, collegial and based on mutual respect. Work in a collaborative 
and cooperative manner with other health care professionals, recognizing 
and respecting their particular contributions to health care.

(h) Disclose conflicts of interest when financial or other personal considerations 
may compromise or appear to affect one’s own professional judgement. 
Inform one’s employer or client in writing of any conflict between service 
to them and one’s own personal interests.

(i) Strive to improve one’s professional knowledge and skills, and share them 
with colleagues and those in training. Take all reasonable steps to maintain 
and develop one’s competence and help colleagues working with or under 
one’s supervision to do the same.

(j) One’s own work as a medical physicist, including research, shall be 
truthful, based on accepted scientific principles, and shall cite prior work 
when applicable. Maintain proper professional standards in research and 
development and prevent the dissemination of fraudulent or intentionally 
biased results.

(k) Maintain a record of evidence of one’s own CPD and advise one’s 
colleagues to do likewise.

(l) Strive to protect the safety and welfare of patients.
(m) Report any incident or errors that may occur in the line of work that might 

affect or has affected the treatment process of any patient.

I.2 GUIDELINES OF ETHICS

The general guideline is to conform to high standards of ethical, legal 
and professional conduct. Any activity that fails to conform to these standards 
compromises personal integrity. 

I.2.1. Guidelines for professional conduct

(a) Academic freedom: Strive to pursue scientific enquiry, and to promote a 
scientific and clinical environment free of political, ideological, or religious 
pressures or constraints.
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(b) Honesty: Be honest in all professional interactions and in your work. 
Document and report your professional credentials, such as academic 
degrees, training, continuing education, and scholarly and research 
contributions, truthfully and accurately. Present your activities, services and 
products delivered, honestly. Fraudulent documentation of work not done, 
backdating reports, signing reports of work done by others, data fabrication 
and data falsification are unethical.

(c) Maintenance of knowledge and skills: Strive to improve your knowledge 
and skills relevant to your professional work. Participate in appropriate 
continuing medical physics education activities. Sharing such knowledge 
and skills with colleagues is essential. Strive to make your experience 
available to the medical physics community. 

(d) Competence: Be aware of the limitations of your knowledge, skills, 
competencies and experience. Undertake only work that you are qualified 
to perform and seek additional education and training or consultation when 
indicated. 

(e) Professional relationships: Strive to have mutually beneficial relationships 
with other colleagues. All such interactions should be open, honest and 
respectful. Where appropriate, share your skills and experience and assist 
the professional development of colleagues. Those who are in a supervisory 
position have an obligation to guide their associates.

(f) Responsibility to the public, the patient and the institution: Strive to improve 
the public’s welfare through the dissemination of scientific knowledge and 
pertinent education. Place primary importance on the welfare of patients 
and only participate in patient care activities that are in the best interest of 
the patient. If affiliated with or employed by a health care facility, consider 
the interests of the institution. Promote a mutually respectful atmosphere 
with health care providers, administrators and ancillary staff. Support other 
staff within the institution in order to achieve quality patient care. Respect 
institutional policies and procedures, and contribute to their continuous 
improvement.

(g) Patient confidentiality: Respect the confidential nature of all patient 
information and protect the confidentiality of such information.

(h) Conflict of interest: Conflicts may exist with an institution, within an 
educational setting, with industry or with clinical practice activities. Be 
aware when personal interests conflict with other interests. Put the needs 
of the patient above your own personal interests. Conflicts of interest are 
not inherently unethical or to be avoided, but they must be disclosed to any 
involved party and managed appropriately.
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(i) Discrimination: Treat fairly, equally and with respect all those with 
whom you have professional relationships. Judge others on the basis of 
knowledge, training, skill and quality of service rendered. Prejudicial, 
biased discrimination not based on merit is reprehensible and unethical.

(j) Harassment: Contribute to a work environment where people can do 
their best and most productive work. Use positive, supportive language. 
Verbal abuse, demeaning comments, uncontrolled angry exchanges, or any 
conduct that directly or indirectly creates a hostile work environment is not 
acceptable. You shall not sexually harass anyone. Sexual harassment is an 
unwelcome sexual advance, a request for sexual favours, or other verbal or 
physical conduct of a sexual nature.

(k) Exploitative relationships: You shall not exploit any person with whom you 
have a professional relationship. Exploitation can be, but is not limited to, 
coercing a person to perform work without equitable compensation, forcing 
a person to act against their will or consent, or creating working conditions 
where one or more persons is treated unfairly for the benefit of others.

(l) Response to impaired or incompetent colleagues: The safety and welfare 
of patients are primary concerns of medical physicists. If, due to some 
impairment, a colleague is perceived to jeopardize the patient’s welfare, 
you should attempt to respond on the patient’s behalf. The particular 
circumstances may be ambiguous and you should proceed judiciously. If a 
legal, contractual or regulatory obligation to report the concerns exists, the 
member shall comply with that obligation. Incidents, defined as unwanted 
or unexpected changes from normal that cause or have the potential to cause 
an adverse effect on a person or equipment, shall be reported by medical 
physicists in accordance with local institutional policy and applicable 
governmental regulations. Learning from incidents is a critically important 
tool to help minimize the risk of future similar events. Members should 
also encourage other health care professionals to report incidents.

(m) Relationship with regulators: You have an obligation to assist and cooperate 
with regulators in the performance of their duties in an honest and respectful 
manner. 

(n) Whistle-blower protection: You shall respect and not participate in taking 
punitive or retaliatory action against other medical physicists (whistle-
blowers) who report those deficient in competence or engaging in unethical, 
fraudulent or deceptive behaviour.

(o) Reviewing the work of another medical physicist (incumbent): At least two 
categories of review may occur: those initiated by the incumbent physicist 
as part of an ongoing QA process and those initiated by someone else. 
Procedures and guidelines regarding reviews initiated by the incumbent 
are published in the literature [31]. In the case of reviews not initiated by 
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the incumbent physicist, the IAEA (as the AAPM and other professional 
associations) does not affirm or reject the process of review. In the interest 
of protecting the rights of the incumbents in such cases, the following are 
the expectations that the incumbent should rightfully enjoy: 

(i) The review should be performed by a qualified medical physicist peer, 
i.e. a CQMP who has similar or senior credentials and is familiar with 
the type of practice setting. The medical physicist being reviewed 
should receive a courtesy call from the reviewer to establish mutually 
agreeable times and to communicate processes and goals for the 
review.

(ii) Whenever possible, the reviewer should have no present or past 
professional relationship with the entity requesting the review, e.g. no 
close personal, professional or training relationship.

(iii) The medical physicist being reviewed should receive a copy of the 
final report, both orally and in written form. 

(iv) Confidentiality should be maintained throughout the review process.
(v) All care must be exercised when reviewing an incumbent not to 

jeopardize the incumbent’s position unnecessarily (e.g. by the 
expression of personal opinions or judgements beyond those based 
on the data presented). The process should be used to create the 
opportunity for improvement (and/or enhancement of the working 
environment, equipment, personnel, etc.) for all concerned, as well as 
the community at large.

I.2.2. Guidelines for research ethics 

Biomedical research, including that conducted by or involving medical 
physicists, has its own set of ethical obligations that should be closely adhered 
to by investigators and others engaged in research. Ethical obligations arise 
in the design and conduct of the research, collection and interpretation of data 
resulting from the research, publication of reports and scientific monographs 
describing the research, management of intellectual property emanating from 
the research, and relationships of the research team to the financial sponsors of 
the research. Lapses in ethical standards can compromise the acceptance of the 
research findings and seriously damage the careers of researchers responsible for 
the findings. 

(a) Acquisition, management, sharing and ownership of research data: Medical 
physicists should ensure that all data collected during a study are real, and 
that fabrication, falsification of data or plagiarism has not occurred. All 
medical physicists of the team should respect the confidentiality of research 
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data and should not disclose data to other scientists or the public without 
the consent of all team members. Members of the research team should 
fully understand who owns research data. 

(b) Conflict of interest: The most commonly discussed conflict of interest 
is a financial one, where one or more members of the research team or 
their immediate family members stand to gain financially if the results or 
reports of the research turn out in a particular way. If significant, such a 
conflict should be reported. As an example, the US National Institutes of 
Health (NIH) have established a financial gain of $10 000 as a limit above 
which researchers supported by the NIH must report a conflict of interest to 
their employing institution. It is possible to have a conflict of interest with 
regard to proposed or actual research even if there is no potential financial 
gain. For example, researchers gain prestige among their peers and within 
their institution or organization if their research results are positive and 
progressive. There is nothing inherently wrong with a conflict of interest, 
but it should be acknowledged to eliminate the perception of possible 
impropriety. The best protection against conflict of interest accusations 
is full disclosure and the acquisition, interpretation and publication of 
research findings in a manner that is transparent and above suspicion. 

(c) Human participants: Research involving human participants should adhere 
to Principle 15 of the Belmont Report [35], namely “respect of persons, 
beneficence and justice”. Respect for persons recognizes the autonomy 
of individuals and the right of each research volunteer to be treated with 
respect, to be fully informed about the research and its potential benefits 
and risks, and to be granted the ability to decide for themselves whether to 
participate in the research. Beneficence ensures that some potential benefit 
will accrue from the research, to the participants themselves, to others with 
similar conditions who may benefit in the future or to society at large. 
Justice means that potential participants in a study are not excluded without 
a valid reason for exclusion. Most institutions subscribe to the “general 
rule” which says that all research involving human participants is subject 
to the same degree of oversight and follows the guidance of the Belmont 
principles [35].

(d) Research misconduct: Specific examples of research misconduct are data 
fabrication, data falsification and plagiarism. Fabrication is the artificial 
manufacturing of research data rather than obtaining data by experiment. 
Falsification is manipulation of data by selectively choosing only those 
data that support a research hypothesis. Plagiarism is the misrepresentation 
of data from another researcher as one’s own. These ethical breaches are 
intentional wrongdoings that are considered abhorrent and intolerable by 
the research community. 
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(e) Animal welfare: Animals should be used as research subjects only when 
alternatives are not available. Researchers have a moral obligation to handle 
animals used for experimental investigation humanely and with respect. 
Researchers shall adhere to the pertaining laws and standards relevant to 
their research, their laboratory rules and their funding agencies.

(f) Collaborative science: Research is often collaborative and interdisciplinary 
by its very nature; the concept of the sole investigator working 
independently in the laboratory is rare today. Invariably, a research effort 
is a partnership involving several individuals from different disciplines 
and, frequently, different institutions. Research collaborators shall treat all 
team members with respect and trust. All collaborators must sustain the 
confidential nature of the research and its findings until their agreed upon 
presentation and publication. 

(g) Authorship: Authorship of a scientific publication should be reserved only 
for those individuals who have contributed substantially to the conception 
and design of a research investigation and/or to the collection, analysis 
and interpretation of data resulting from the investigation. Authorship also 
implies that the individual was directly involved in the drafting and revising 
of the publication. Authors are discouraged from awarding authorship 
to an individual if the individual did not contribute substantially to the 
publication. 

(h) Editorship and peer review: The editor is responsible for ensuring that the 
peer review process of the journal is objective and fair, and that reviews 
do not contain derogatory critiques or disparaging remarks. Editors should 
recuse themselves if they have a conflict of interest related to the reported 
research that could compromise their objectivity. The editor and reviewers 
are ethically bound to ensure the confidential nature of reviews and to 
protect the identity of authors and/or reviewers when reviews are single 
or doubly blinded. The integrity of research relies heavily on the process 
of peer review, which means that one’s work is transparent and subject 
to review by scientific peers. Peer review should always be conducted 
with total objectivity, honesty, thoroughness and confidentiality, and with 
respect for those doing the review and those whose work is being reviewed. 
Reviewers must remember that the work they are reviewing is confidential 
and should not be disclosed to anyone outside the review team. They must 
not appropriate the work or any of the results into their own research, even 
though they may be working in a similar field. 

(i) Author or reviewer conflict of interest: Authors should report any conflict 
of interest they may have regarding research reported in a scientific 
publication. Individuals asked to review papers should decline the journal’s 
invitation to review if they have a conflict of interest related to the reported 
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research or if they have a personal relationship with the authors that could 
compromise their objectivity. 

(j) Privacy and confidentiality: Authors shall respect the confidentiality of 
patients by not revealing their identities in publications or otherwise. 
This protection of privacy extends to individuals serving as volunteers in 
research involving humans. 

(k) Overlapping publications: It is unethical for an author to simultaneously or 
sequentially submit for publication substantially the same material to two 
or more journals, unless permission is granted by the editors of all affected 
journals, except in the case of rejected manuscripts.

I.2.3. Guidelines for education ethics 

Formal educational settings present an environment within which the 
student will have the opportunity to absorb the intellectual and ethical atmosphere 
of the institution and its educators. Thus, it is of paramount importance that 
teachers/educators exhibit the highest ethical standards, and students begin the 
practice of ethical behaviour that will guide them for the remainder of their 
careers. In this education ethics section, the following definitions apply: ‘teacher’ 
refers to any person responsible for the education or supervision of a student 
engaged in any educational or training programme; ‘student’ refers to a person 
engaged in any educational or training programme. All activities performed in the 
clinical environment by a student are assumed to be carried out under the direct 
supervision of the teacher, and the student should be aware of this medico-legal 
responsibility at all times.

(a) Guidelines for the teacher:
(i) Student programme completion: Teachers shall endeavour to 

contribute to the intellectual development of their students and 
to support students in achieving their educational goals. Teachers 
shall guide students towards an efficient path to reaching these 
goals. Students entrust their educational outcome to their teachers, 
advisers and mentors. As such, teachers shall act as advocates for 
their students. For example, work on institutional grants or research 
projects that primarily benefit the teacher or institution may be a 
component of a student’s education, but should not unduly delay his 
or her overall progress.

(ii) Safe environment: Teachers shall promote a safe environment 
for learning and shall educate students regarding the hazards and 
methods to control and minimize potential risks.
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(iii) Respect for students: Teachers shall interact with students in a 
respectful manner. Teachers are in a position of power and authority. 
They have the responsibility to relate with students in a positive 
manner. Their verbal, non-verbal and written communication with 
students should be constructive and reasoned with the intent to 
enhance the educational experience.

(iv) Non-discrimination: Teachers shall treat all students fairly and 
equally irrespective of age, race, colour, creed, sex, national origin, 
marital status, political or religious beliefs, family, social or cultural 
background, or sexual orientation.

(v) Equal opportunity: Teachers shall fairly consider all students for 
participation in any programme or for any benefits that may aid 
the student, including, but not limited to, attendance at scientific 
meetings or training programmes, research projects, internships and 
scholarships.

(vi) Student confidentiality: The trust inherent in a good teacher–student 
relationship will be irrevocably damaged if a teacher casually 
divulges confidential information. Teachers shall maintain the 
confidentiality of non-public student information. Evaluations of 
the student’s work along with verbal and electronic communications 
between the teacher and student shall be confidential unless required 
to document the student’s work.

(vii) Consensual student relationship: A consensual or romantic 
relationship between a teacher and a student should be avoided. The 
teacher bears the primary burden of accountability to ensure proper 
relationships are maintained.

(viii) Sexual harassment: Sexual harassment of a student by a teacher is 
unacceptable. Sexual harassment is an unwelcome sexual advance, 
a request for sexual favours, or other verbal or physical conduct of 
a sexual nature, and any conduct that directly or indirectly creates a 
hostile environment.

(ix) Acknowledgement of a student’s or others’ work: Teachers shall 
acknowledge and cite prior work by others if used in their teaching 
media presentations or within their course material. Teachers shall 
acknowledge significant academic or scholarly assistance from 
students. This acknowledgement may be as recognition of the student 
as a co-author of a publication. The mentor–trainee or researcher–
student relationship and issues related to authorship are further 
described in the research ethics section.
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(x) Fair evaluation: Teachers shall make fair evaluations of student 
efforts and document those evaluations in the student’s record when 
appropriate.

(xi) Intellectual and academic freedom: Teachers shall encourage an 
open atmosphere of scientific enquiry and promote an environment 
free of political, ideological or religious pressures and constraints.

(b) Guidelines for the student:
(i) Review and inspection of personal records: Students have a right 

to review and inspect their personal records. They may request 
amendments to their records if they can show evidence that the 
record is not correct.

(ii) Whistle-blower protection: Students shall be free to report or 
provide information regarding violations of this code without fear of 
retaliation and/or reprisal.

(iii) Work requirements of the educational programme: Students have a 
right to expect that completion of the educational programme will 
not be contingent on performing work for a teacher or institution that 
is not a formal, documented part of the educational programme.

(iv) Programme requirements: Students have the right to be informed 
and to have clearly defined requirements for the completion of their 
educational programme. 

(v) Adherence to institutional policies and procedures: Students shall 
adhere to the policies and procedures of their institution. 

(vi) Academic honesty and integrity: Students shall uphold and maintain 
academic honesty and integrity. Examples of academic dishonesty 
include cheating, plagiarism, falsifying or fabricating information or 
data, and unauthorized collaboration. 

(vii) Acknowledgement of work of others: Students must fully 
acknowledge the prior work of others when including it in their own 
work.

(viii) Freedom of expression: Students shall respect the freedom of 
expression of others.

(ix) Patient and institutional confidentiality: Students shall respect the 
confidentiality of institutional and patient information. 

(x) Respect for students, teachers, staff and patients: Students shall 
interact with other students, teachers, staff and patients in a respectful 
manner. They will respect and support other students’ classroom 
participation. 
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(xi) Respect for institutional property: Students shall not use professional 
information, data or property belonging to a teacher or institution that 
is not part of their educational materials for their own professional 
practice without express permission. This could be either intellectual 
or physical property. Some examples are institutional procedures, 
policies, worksheets, checklists, QA programmes, teaching aids, 
presentations and research protocols. While a teacher or institution 
may permit or release such information or data, it is the student’s 
responsibility to obtain permission to use it.
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Appendix II 
 

MEDICAL DosIMEtrIsts — DUtIEs AnD sKILLs

The medical dosimetrist is a member of the radiation therapy team who has 
knowledge of the overall characteristics of radiation therapy treatment machines 
and equipment, is cognizant of procedures normally used in external beam 
therapy and brachytherapy, and has the education and expertise necessary to 
generate radiation dose distributions and dose calculations in collaboration with 
the medical physicist and radiation oncologist. Medical dosimetrists are educated 
to perform duties under the supervision of CQMPs and radiation oncologists. All 
references in this publication to decisions, actions taken and communications 
assume that appropriate supervision is present and utilized by the medical 
dosimetrist. In addition, many tasks performed by medical dosimetrists include 
participation by additional members of the radiation therapy team, such as 
radiation therapists and nurses. At different institutions, the relative levels of 
responsibility vary among the different members of the team to accomplish a 
given task.

The information on the duties and skills of medical dosimetrists in this 
appendix was obtained from the AAMD [36] and is presented with minor 
changes in the wording and format. It presents a job description as recommended 
by the AAMD, addressing the major duties, skills and qualifications of medical 
dosimetrists in North America. Institutions utilizing it as a template are 
encouraged to modify it to local conditions if relevant or applicable.

II.1. MAJOR DUTIES OF MEDICAL DOSIMETRISTS

(a) Design a treatment plan by means of computer and/or manual computation 
that will deliver a prescribed radiation dose and field placement technique 
in accordance with the radiation oncologist’s prescription to a defined 
tumour volume.

(b) Consider dose-limiting structures in the design of treatment plans and 
document dose in accordance with the radiation oncologist’s prescription.

(c) Coordinate treatment simulations and tumour localization on dedicated 
devices, including CT, MRI and PET when indicated, for radiation therapy 
treatment planning according to institutional guidelines.

(d) Supervise, perform or assist in the planning of the fabrication and QC of 
compensation filters, custom shields, wedges and other beam modifying 
devices.

(e) Supervise, perform or assist in the planning of the production and QC of 
moulds, casts and other immobilization devices.
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(f) Supervise the therapist staff in the implementation of the treatment plan, 
including the correct use of immobilization devices, compensators, wedges, 
field arrangement and other treatment variables.

(g) Perform calculations for the accurate delivery of the radiation oncologist’s 
prescribed dose, document all pertinent information in the patient record 
and verify the mathematical accuracy of all calculations using a system 
established by the medical physicist.

(h) Provide physics and technical support to the medical physicist, in radiation 
protection, qualitative machine calibrations and QA of the radiation 
oncology equipment.

(i) Supervise, perform or assist in the application of specific methods of 
dosimetry, including ion chamber, thermoluminescence dosimetry or film 
measurement, as directed by the medical physicist.

(j) Assist in intracavitary and interstitial brachytherapy procedures, and in the 
subsequent manual and/or computer calculation of the dose distributions of 
these treatments under the supervision of the CQMP.

(k) Teach applied aspects of medical dosimetry to students and residents, as 
assigned.

(l) Participate in clinical research for the development and implementation of 
new techniques.

(m) Participate in continuing education in the area of current treatment planning 
techniques and advances in medical dosimetry.

II.2. SKILLS REQUIRED OF MEDICAL DOSIMETRISTS

(a) Must be able to understand the technical aspects of radiation therapy and 
medical physics to derive computerized treatment plans, and communicate 
these aspects to the radiation oncologist for plan approval, and to the 
radiation therapist for plan implementation.

(b) Performs routine duties independent of supervision, but consults with the 
radiation oncologist and medical physicist as required.

(c) Operates and performs QA, under the direction of the medical physicist, on 
the treatment planning computer.

(d) Has working knowledge of radiation safety and current rules and regulations 
of the local or national regulatory authority (e.g. the United States Nuclear 
Regulatory Commission).

(e) Has the ability to interpret and execute treatment plans as defined in 
relevant treatment guidelines.

(f) Must possess mathematical skills including algebra, trigonometry and 
introductory calculus, and be able to visualize objects in 3-D concepts to 
facilitate the treatment planning process.
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LIst of ABBrEVIAtIons AnD ACronYMs

AAMD American Association of Medical Dosimetrists
AAPM American Association of Physicists in Medicine
BSS Basic Safety Standards
CPD continuing professional development
CQMP clinically qualified medical physicist
CT computed tomography
DIR diagnostic and interventional radiology
DRL diagnostic reference level
EFOMP European Federation of Organisations for Medical Physics
IGRT image guided radiation therapy
IMRT intensity modulated radiation therapy
IOMP International Organization for Medical Physics
IPEM Institute of Physics and Engineering in Medicine
IT information technology
MRI magnetic resonance imaging
NIH National Institutes of Health 
PET positron emission tomography
QA quality assurance
QC quality control
RPO radiation protection officer
SPECT single photon emission computed tomography
TPS treatment planning system
USI ultrasound imaging
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