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FOREWORD 

This document is the ultimate outcome of several task force meetings held under the regional 

African Radiotherapy Medical Physics (RAF 6/027, RAF 6/031 and RAF 6/044) and Nuclear 

Medicine Medical Physics (RAF 6/032, RAF 6/038 and RAF6048) projects. The meetings 

were tasked to develop harmonized approaches to the recognition and education of medical 

physicists in the region. This document presents the recommendations for harmonized 

postgraduate academic education and clinical training of medical physicists in the region. 

 

Evidence of clinical training is becoming more important in order to satisfy health authorities 

that an acceptable degree of competence has been attained to practice independently as a 

clinically qualified medical physicist in a hospital.  Therefore this document also provides 

clinical portfolios as a guide for medical physics residents and supervisors to monitor the 

progress of residents and for residents to provide evidence of having successfully completed a 

structured clinical training programme. The template portfolios are based on the regional 

clinical training programme developed in this document. 

 

Several International Atomic Energy Agency (IAEA) publications have been developed 

recently to support the education of medical physicists including the Technical Course Series 

37 [3], 47 [4] and 50 [5] and Human Health Series No. 25 [1], which provide guidelines for the 

clinical training of medical physicists specialising in Radiation Oncology, 

Diagnostic/Interventional Radiology and Nuclear Medicine, respectively. This series also has 

three companion Handbooks. Member States are encouraged to adapt these documents to their 

national situation when establishing programmes. 

 

The lack of recognition of the medical physics profession is a challenge internationally and an 

IAEA inter-regional project (INT6/054) produced a publication on the Roles and 

Responsibilities, and Education and Training Requirements for Clinically Qualified Medical 

Physicists in an attempt to promote the profession internationally.  

 

Medical imaging is multidisciplinary and in addition to scientific knowledge and skills, good 

clinical practice also requires effective communication with other health professionals, 

professional ethical behaviour, and applied and critical thinking. Technological advancements 

in the field of hybrid systems have resulted in the need of both diagnostic radiology and nuclear 

medicine medical physics competencies. Some radiotherapy competencies are also needed to 

support the use of imaging in radiotherapy. 
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1. INTRODUCTION 

 

The aim of a postgraduate medical physics academic programme is to introduce students to the 

basic principles in all disciplines of medical physics in order to prepare them for a clinical 

training programme (hospital-based).  Successful completion of the academic programme 

therefore leads to partial fulfilment of the requirements to be recognized as a clinically qualified 

medical physicist (CQMP)[1].  The academic programme needs to be complemented by a 

structured clinical training programme in order to develop the skills and competencies 

necessary to practice in the clinical environment.  The aim of a supervised hospital-based 

clinical training programme is to provide a resident (also known as a registrar, intern or trainee) 

with the opportunity to develop the skills and competencies required to practice independently.  

Fig. 1 schematically shows the recommended education requirements for recognition as a 

CQMP.  Alternatively, the academic programme would prepare a student for an academic 

career in medical physics research or industry. 

 

 

 

FIG.1. Minimum requirements for the academic education and clinical training of a 

Clinically Qualified Medical Physicist.[1] 
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In Africa, for the foreseeable future, in order to expedite affordable capacity building for 

clinical medical physics in the region and to promote the establishment of national 

programmes, clinical training in only one discipline will most likely be considered acceptable 

(1 year clinical training in radiotherapy medical physics or 6 months in nuclear medicine 

medical physics or 6 months in radiology medical physics). However, 1 year clinical training, 

providing competence in both nuclear medicine and radiology is highly desirable to strengthen 

the role of medical physics in imaging in the region.  The aim of the academic programme 

should therefore be to prepare a student for entry into any one of these clinical training routes. 

National centres, even with limited radiation medicine facilities, can be encouraged to initiate 

programmes using the resources that are available. This may be limited to partial fulfilment of 

the programme only which is supplemented by regional cooperative efforts, in order to develop 

the comprehensive set of competencies. All programmes should be accredited and successful 

completion of such a programme should result in appropriate recognition by the national 

responsible authority.  

Medical physicists and other health professionals like medical practitioners for instance, 

undergo clinical training programmes that are conducted in hospitals and regulated by Ministry 

of Health authorities. Degree qualifications awarded as a result of academic programmes on 

the other hand, generally fall under a Higher Education authority. In most countries where 

formal programmes exist, residents are required to undergo clinical training in a fulltime 

capacity and a qualification is awarded only after completion of a clinical training programme. 

Experiential training requires that residents are privy to patients and their records, and therefore 

awareness and adherence to national health professional ethical standards in clinical practice 

becomes necessary.   

Residents should be required to compile a logbook or portfolio which reflects the competencies 

attained during their clinical training.  In principle the portfolio itself is evidence of having 

undergone a clinical training programme. Ideally continuous evaluation mechanisms should be 

developed to monitor the resident’s progress during the programme. A formal, independent 

assessment of the resident should take place at least at the end of the training programme to 

confirm successful completion of the clinical training programme. This should result in 

recognition, i.e. national registration as a CQMP.  
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2. ACADEMIC PROGRAMME STRUCTURE 

 

The academic education of medical physicists must include all clinical disciplines, i.e. radiation 

oncology, diagnostic radiology and nuclear medicine, and include radiation protection as it is 

applied to the clinical environment. The duration of the academic education program will be 

determined by the national qualification framework according to the structure, content, level 

and certification process.  

 

2.1. INFRASTRUCTURE  

A postgraduate academic university qualification or certification should be associated with the 

programme.  The academic programme would be the responsibility of, or alternatively under 

the supervision of, at least one clinically qualified medical physicist. The establishment of new 

programmes must not have a negative impact on clinical medical physics service delivery. 

Ideally the programme leader would have a PhD in the field of medical physics. Clinical 

medical physicists and other professionals working in the health care sector may complement 

the faculty.  

No student assessment and/or evaluation criteria are recommended in this document, as this 

would be the autonomous decision of university.  

 

2.2. MODULES 

The content of the academic programme has been divided into three levels: core, recommended 

and elective. This has been done in order to allow the local faculty to develop a programme 

which is adapted to the knowledge of the graduates entering the programme, the local resources 

and the graduate degree equivalence, which is known to differ across the region.  

 

The following subjects are considered the core (essential) modules to the academic 

programme:  

• Radiation Physics  

• Fundamentals of dosimetry 

• Physics of Radiation Oncology  

• Physics of Radiology 

• Physics of Nuclear Medicine  

• Radiation Protection and Safety (ionising and non-ionising) 
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Some of these modules may have been covered in the undergraduate degree, or be an integral 

part of the clinical training programme therefore several different permutations are possible. In 

addition, the content of the Radiation Physics module for instance, may be included in the 

discipline-specific modules. Use of this document in the accreditation and auditing of 

individual programmes will therefore require close scrutiny of the detailed content of each 

topic. 

The following subjects are recommended modules:  

• Measuring techniques, statistics and research methodology  

• Radiobiology 

• Anatomy and Physiology 

• Professional and Medical Ethics 

 

The following subjects are elective (or optional) modules:  

• Information technology with an emphasis on networking 

• Electronics  

• Medical Physics practical sessions in the Hospital. If available, the academic 

programme should include basic practical exercises/training in radiation oncology, nuclear 

medicine and radiology, in order to expose students to the profession. 

• Research report 

 

2.3. FACILITIES AND REFERENCES 

There should be Internet access for the students and at least online journal subscriptions for the 

major scientific societies, journals and resources in the field of medical physics, e.g. The 

Journal of Applied Clinical Medical Physics, Applied Radiation Oncology, International 

Society of Radiology, Medical Physics International, http://humanhealth.iaea.org, etc.  

 

The availability of the following references was considered essential: 

1. PODGORSAK, ERVIN, Radiation Oncology Physics: A Handbook for Teachers and 

Students, IAEA, Vienna (2005) 

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Nuclear Medicine Physics: A 

Handbook for Teachers and Students, IAEA, Vienna (under preparation) (2013) 

http://humanhealth.iaea.org/
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3. INTERNATIONAL ATOMIC ENERGY AGENCY, Diagnostic Radiology Physics: A 

Handbook for Teachers and Students, IAEA, Vienna (under preparation) (2013) 

4. CHERRY, S.R., SORENSEN, J.A., AND PHELPS, M.E., Physics in Nuclear 

Medicine, Saunders, Philadelphia (2003) 

5. BUSHBERG, JERROLD T., ET AL, The Essential Physics of Medical Imaging, 

Lippincott Williams & Wilkins, Philadelphia (2011).  

6. PODGORSAK, E. B., Radiation Physics for Medical Physicists (Biological and 

Medical Physics, Biomedical Engineering), Springer, New York, USA (2010) 

7. KHAN, FAIZ M., The Physics of Radiation Therapy, Lippincott Williams & Wilkins, 

Philadelphia (2009).  

8. VENSELAAR, J., MEIGOONI, A. S., BALTAS, D. and HOSKIN, P. J., 

Comprehensive brachytherapy: Physical and Clinical Aspects, Taylor and Francis, Florida 

(2013). 

9. INTERNATIONAL ATOMIC ENERGY AGENCY, Radiation Protection and Safety 

of Radiation Sources: International Basic Safety Standards General Safety Requirements Part 

3, IAEA, Vienna (2014) 

 

  



6 

 

3. ACADEMIC PROGRAMME CONTENT 

 

3.1. CORE MODULES  

 

The contents of the six core topics must be included in the academic programme however 

they may be re-structured into different modules. In each case, the content of each module is 

given. 

 

3.1.1. Radiation Physics  

Objective: 

The purpose of this module is to comprehend the basic principles of radiation physics in order 

to apply them to medical physics. The interaction of photons, charged particles and neutrons 

with matter is described. The essential properties of atomic nuclei are also described. 

Characterization of attenuation must be understood. 

Content: 

• Introductory concepts to modern physics 

• Atomic and nuclear structure 

o Basic principles 

• Radioactivity 

o Radioactivity decay mechanisms 

o Radioactive decay law 

▪ Half-life 

▪ Activity 

▪ Secular equilibrium 

• Basic nuclear interactions 

• Interaction of radiation with matter 

o Photon interactions 

▪ Photoelectric interaction 

▪ Compton 

▪ Pair production 

▪ Rayleigh and Thomson 

▪ Attenuation  

▪ Cross-sections and relative importance of interaction mechanisms 

o Charged particle interactions 

▪ Elastic scattering 

▪ Inelastic scattering (collisional and radiative processes) 

▪ Stopping power concept 

▪ Continuous slowing down approximation (CSDA) and range concept  

▪ Bragg peak concept 

o Neutron interactions 

▪ Energy classification 

▪ Elastic and inelastic interaction 

▪ Interaction law (attenuation) 

• Introduction to Monte Carlo methods 
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3.1.2.  Fundamentals of Dosimetry 

Objective: 

The purpose of this module is to comprehend the physical basis of dosimetry, introduce 

different theories and describe the principle of operation of the various types of dosimeters. 

Standard quantities and units are introduced so that dosimetric formalisms of radioactive 

decay, radiation interactions and the radiation field can then be discussed. All radiation 

measurements rely heavily on applications of charged-particle equilibrium and/or cavity 

theory; hence these areas must be covered in detail. 

Content: 

• Fundamental concepts of dosimetry (energy transfer and deposition) 

• Quantities and units according to the International Commission on Radiological Units 

and Measurements (ICRU) 

o Activity 

o Fluence, energy fluence, planar fluence 

o Exposure, kerma, cema 

o Absorbed dose 

o Equivalent dose 

o Effective dose 

o Relationship between various quantities 

o Electronic equilibrium concept 

• Cavity theory and charged particle equilibrium (CPE) 

o Bragg-Gray theory 

o Spencer-Attix theory 

o Burlin theory 

o Total CPE 

o Transient CPE 

• Fano theorem 

o concepts 

• Detectors and dosimeters 

o Gas based dosimeters 

▪ Ionization chamber 

▪ Geiger-Müller counter 

▪ Proportional counter 

o Solid state dosimeter 

▪ Thermoluminescence 

▪ Scintillation 

▪ Diodes 

▪ Mosfets 

▪ Others (flat panels, Photo Stimulable Phosphors (PSPs), etc.) 

o Chemical dosimeters 

▪ Film 

▪ Frick 

▪ Gel 

o Calorimetry 

• International radiation dose calibration chain 

o Formalisms 

o Primary Standard Dosimetry Laboratories (PSDLs) 

o Secondary Standard Dosimetry Laboratories (SSDLs) 

o User cross-calibration 
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3.1.3. Physics in Radiation Oncology 

Objective: 

The student is introduced to the physical principles and the technical aspects of all steps of the 

radiotherapy process and the essential elements of Quality Management in radiotherapy. The 

principle and the operating modes of the different equipment used in radiotherapy are given, 

including facility design. The definition and use of quantities to describe the radiation beams 

and radioactive sources used in radiotherapy, is given. The student must comprehend the 

essential elements of dosimetry and patient treatment planning, including definition of the 

volumes to be irradiated, patient data acquisition, dose distribution (2D & 3D) calculation, 

evaluation and verification. 

Content: 

• External Beam Radiation therapy equipment 

o Functional principles and safety aspects of: 

▪ 60Co unit  

▪ Linear accelerator (photons and electrons) 

▪ Simulator 

▪ Computed Tomography (CT) 

▪ Treatment Planning System (TPS)  

▪ Record and verify systems (RVS) 

o Dosimetry equipment 

▪ Absolute and relative dosimetry system 

▪ Water phantoms 

▪ In-vivo dosimetry (IVD) (e.g. diodes, metal oxide semiconductor field-

effect transistors (MOSFETs), etc.) 

▪ Film dosimetry 

• Photon beams 

o PDD, Profiles, Isodose curves (concepts) 

o Dose ratios (e.g. percent depth dose (PDD), tissue-maximum ratio, etc.) 

o Output factors (e.g. head scatter factors, total scatter correction factor, etc.) 

o Factors influencing dose distribution (e.g. field size, energy, etc.) 

o Treatment time and Monitor unit calculations and dose tables (equivalent 

square, PDD tables, …) 

o Manual dose calculation (Extended source surface distance (SSD), two 

opposing fields, …) 

• Electron beams 

o PDD, Profiles, Isodose curves (concepts) 

o Range and energy concepts 

o Monitor unit calculations and dose tables 

o Output factors (applicator  factors, cut-out factors, …) 

o Bolus 

• Beam calibration 

o Specification for beam quality (kV & MV photons & electrons) 

o Absolute dose measurement 

o Code of practices (IAEA TRS398, IAEA TRS 277, etc.) 

• Imaging in Radiation Oncology 

o Simulator (fluoroscopy, CT-simulation, simulator-CT) 

o Computed tomography (CT) 

o Portal imaging 
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o Other modalities (Magnetic resonance imaging (MRI), Angiography, single 

photon emission computed tomography (SPECT), positron emission 

tomography (PET) and Image fusion in radiotherapy) 

• Immobilisation and localisation for radiation oncology 

o Immobilization devices (thermoplastic, foam, breast board, etc.) 

o Contouring devices  

• Treatment planning  

o Volume definition, prescribing and reporting (ICRU 50, 62 & 83) 

o Dose prescription and constraints (tolerance) 

o Planning techniques 

o Multiple beam planning 

o Matching and abutting photon and electron beams 

o Basic dose calculation algorithms 

o Principles of advanced dose calculation algorithms 

o Treatment optimisation and evaluation (dose volume histograms, beam’s eye 

view, digitally reconstructed radiographs, etc.) 

▪ Beam shaping and modifying devices (wedges, compensators, bolus, 

blocks, etc.) 

▪ Interpretation of dose prescription (homogeneity index) 
o Heterogeneity and irregular surface corrections 

o Beam data introduction, modelling and verification 

• Principles of quality assurance in  radiotherapy 

o Quality Assurance (QA) concepts (standards, tolerance, etc.) 

o QA of radiotherapy equipment 

▪ Mechanical quality control (QC) 

▪ Dosimetric and beam characteristics QC 

o Data transfer verification 

o TPS QA 

o QA of patient position and immobilization 

o Audits 

o Peer review and comprehensive QA 

o Incident and near accident reporting in radiotherapy 

• Informatics and networking 

o Principles of information systems and networking in radiotherapy 

o Digital Communication Standard (DICOM) RT, 

• Brachytherapy 

o Source strength and specification of radioactive sources 

o Source calibration 

o Principles and functioning of remote and manual afterloading (low- and high-

dose rate, applicators) 

o Imaging in brachytherapy 

o Dose and volume specification 

o Treatment techniques and dose calculation (Paris system, AAPM TG43 

formalism, …) 

o Treatment planning 

o QA in brachytherapy (source strength, source positioning, equipment, etc.) 

o IVD 

o Safety (emergency procedures) 

• Facility design and shielding calculation and verification 
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3.1.4. Physics in Nuclear Medicine 

Objective: 

The student is introduced to the physical principles and the technical aspects of all nuclear 

medicine (NM) modalities and equipment, including facility design, as well as the essential 

elements of Quality Management in nuclear medicine. This course addresses the production 

and use of radionuclides in diagnosis and therapy, nuclear medicine image formation and 

internal dosimetry 

Content: 

• Radionuclide production 

o Generators 

o Cyclotrons 

o Reactors 

• Radiopharmacy 

o preparation of labelled materials 

o in-vivo and sample measurement techniques 

o principles of tracer kinetics 

o QC on radiopharmaceuticals 

• In vitro techniques 

o Radioimmunoassay (RIA) 

o Reagent 

o Well counters 

• NM instrumentation  

o Dose calibrators 

o Well counters 

o Probes 

o Computers and networking 

• NM imaging devices 

o Gamma cameras 

o SPECT 

o PET 

o Hybrid systems 

• Image reconstruction, processing and analysis (including fusion) 

o Signal analysis 

▪ Basic analysis tools and techniques for digital processing of signals 

▪ Operations associated with the process of converting an analogue to 

digital form suitable for digital processor 

▪ Advantages of digital over analogue signal processing 

▪ Continuous time vs. discrete-time signals 

▪ Convolution 

▪ Fourier transform 

o Image manipulation 

o Theory of tomographic reconstruction 

o Filtered back-projection 

o Iterative reconstruction 

o Scatter correction 

o Attenuation correction 

o Image co-registration (fusion) 

• Quantitative imaging 

o Standard uptake value (SUV) measurement 
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o Ejection fraction 

o Renal function test 

o Thyroid uptake  

• Principles of QA in nuclear medicine 

o Dose calibrator 

o Scintillation probes and well counters 

o Gamma camera and SPECT 

o PET and PET-CT systems  

o Audits 

o Peer review and comprehensive QA 

o Incident and near accident reporting in nuclear medicine 

• Diagnostic applications in Nuclear Medicine (planar, tomographic and functional) 

o Static and dynamic studies 

o Saturation analysis 

o Tumour localisation 

o Organ function 

o Absorption studies 

o Metabolic studies 

• Radioactivity measurements and internal dosimetry 

o Medical Internal Radiation Dosimetry (MIRD) formalism  

o Radiation dose from nuclear medicine radiopharmaceuticals 

o Breast feeding and pregnancy 

• Diagnostic reference levels  

• Radionuclide therapy 

o Activity measurements 

o Therapeutic procedures 

o Safety aspects (administration, isolation, design specification, waste 

management, patient discharge) 

o Sterile procedures (90Y, etc.) 

• Facility design and shielding calculation and verification 

 

 

3.1.5. Physics in Radiology 

Objective: 

The student is introduced to the physical principles and the technical aspects of all modalities 

used in diagnostic and interventional radiology, including facility design as well as the essential 

elements of Quality Management in radiology. The principle and the operating modes of the 

different equipment is described, from the production of X rays to the formation of a medical 

image, as well as non-ionizing modalities used in diagnostic radiology. 

Content: 

• X ray production 

o Principle of X rays production, X ray spectrum 

o X ray tubes (stationary & rotating) 

o Line focus principle and heel effect 

o Factors influencing the output 

• X ray Imaging detectors (conventional/digital) 

o Films & cassettes 

o Computed radiography (CR) 

o Direct and indirect flat panels 
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o Image intensifier 

o Gas ionization chambers 

o Solid state detectors 

o Image formation (analogue & digital) 

• Planar imaging (radiography/fluoroscopy) 

o Projection radiography (magnification, penumbra, etc.) 

o Fluoroscopy 

o Television channel 

o Digital Subtraction Angiography 

o Anti-scatter grid 

o The Bucky table 

o Automatic Exposure Control (AEC) 

o Artefacts  

o Image quality (noise, resolution, contrast) 

• Breast imaging/mammography 

o Mammography X ray tubes (target, focus spot, filtration, etc.) 

o Line focus principle and heel effect 

o Factors influencing the output (breast compression, thickness & density, 

magnification, patient positioning, AEC, etc.) 
o Image requirements (analogue & digital) 

o Artefacts  

• CT 

o Components 

o Generations (4) 

o Principle of image reconstruction 

o Multi-detector CT, helical CT (pitch, sinogram) 

o Detection technology 

o Collimation 

o Concept of CT number 

o Image manipulation and post-processing including windowing 

o Image quality (noise, resolution, contrast) 

o Artefacts 

• Basic physics and applications of MRI 

o Principle of nuclear magnetic resonance (NMR) 

o Generation of resonance magnetic signals 

o Free induction decay, T1 relaxation, T2 relaxation 

o Pulse sequences (T1, T2 weighting) 

o Gradient (slice selection, frequency encode and phase encode) 

o Component of MRI device 

▪ Magnet 

▪ Coils 

▪ Detectors 

▪ Shielding 

▪ Processor 

o Image quality (noise, resolution and contrast) 

o Artefact 

o Safety and bioeffects  

• Basic physics and applications of Ultrasound imaging 

o Principles of ultrasound generation and interaction (transducer and transducer 

arrays, reflection,  transmission and refraction) 
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o Beam properties (near field, far field) 

o Principle of image generation (A mode, B mode, TP mode) 

o Doppler US (continuous, pulse) 

o Image quality (noise, resolution (axial, lateral and elevation) and contrast) 

o Artefact 

o Safety and bioeffects 

• Additional imaging modalities  

o Principles of dental radiography/panoramic 

o Principle of Dual energy X ray Absorptiometry 

o Contrast enhancement studies (contrast agents) 

• Image processing and analysis 

o Filters 

o Kernel and convolution 

o Fourier analysis 

o Fusion 

o Segmentation 

o Computed Aided Detection and Diagnosis 

• Patient/clinical dosimetry 

o Dosimetry code of practice (e.g. IAEA TRS-457) 

o Organ dose and organ risk estimation 

o Diagnostic reference levels  

• Image quality evaluation and optimisation 

o Contrast, resolution, noise 

o Artefacts 

• Principles of quality assurance in  radiology 

o QA concepts (standards, tolerance, etc.) 

o QA of radiology equipment 

o Audits 

o Peer review and comprehensive QA 

o Incident and near accident reporting in radiology 

• Networking in radiology  

o Principles of Picture Archiving and Communications (PACS), Hospital 

Information Systems (HIS) and Radiology Information Systems (RIS) 

o DICOM 

• Facility design and shielding calculation and verification 

 

3.1.6. Radiation Protection and Safety (ionising and non-ionising) 

Objective: 

The course introduces the basic principles of radiation protection as applied in the clinical 

environment. Attention is given to safety, radiation survey instruments, waste management and 

emergency procedures in the medical environment. 

Content: 

• Principles and philosophy 

o Justification, optimisation and dose limitation 

o Radiation effects 

o Quantities and units 

• Regulatory infrastructure 

o IAEA Basic Safety Standards (BSS), BEIR, International Commission on 

Radiological Protection (ICRP), etc. 
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o National regulations 

• Radiation survey instruments 

o Calibration and operation 

o Personnel dosimetry 

• Waste and source management and transport 

o Radiotherapy 

o Nuclear medicine 

• Occupational, medical and public exposure 

• Radiation emergency procedures 

o Radiotherapy 

o Nuclear medicine 

o Radiology 

 

3.2. RECOMMENDED TOPICS  

 

3.2.1. Measuring techniques, statistics and research methodology  

Objective: 

This teaching aims to provide the student with the capacity to make a descriptive analysis of 

data using probability models, to describe the fluctuations of a measurable or countable 

characteristic and to use statistical methods to describe uncertainties (table, graph, calculation 

of average, standard deviations, etc.). Students should be familiar with research methods and 

ethics pertaining to human subjects. Scientific communication, literature reviews and writing 

skills are necessary outputs. The ability to concisely, accurately, and fluently communicate 

research methods and results to a variety of audiences is essential in science. The medical 

physics student should be exposed to, and participate in, activities such as the preparation of 

proffered abstracts for scientific meetings, the creation of posters for such meetings, the oral 

presentation of research at such meetings, the preparation of manuscripts for peer review and 

the scientific review of manuscripts submitted to peer-reviewed journals. 

Content: 

• Measuring techniques 

• Calculation of results 

• Statistical analysis and uncertainty estimation 

• Literature review and copyright 

• Proposal design and research ethics 

• Scientific writing and plagiarism 

• Presentation skills 

 

3.2.2. Radiobiology  

Objective: 

This course aims to provide the basic connection between microscopic and molecular 
interactions of radiation with tissue leading to the biological response of cells to radiation, with 

the physical interaction mechanisms. It provides the basic background for understanding the 

effects of radiation on human tissues and the resulting safety policies and therapy regimens. 

Content: 

• Classification of radiation 

• Effects of radiation on cells, tissues and organs 
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• Radiation damage and repair 

• Survival curves 

• Dose rate effect 

• Fractionation (time-dose, volume index) 

• Pregnancy (radiation effects on embryo and foetus) 

 

3.2.3. Anatomy and Physiology  

Objective: 

The objective of this course is to familiarize the student with the common anatomical and 

physiological terminology needed to communicate effectively in the clinical environment. The 

basic knowledge of structure, topography and function of different systems and organs related 

to radiotherapy and imaging, should be presented. 

Content: 

• Anatomical nomenclature 

• An introductory course on the structure and function of the main organ systems in the 

body (concepts) 

 

3.2.4. Professional and Medical Ethics 

Objective: 

This material is intended to cover ethical issues in clinical medicine and in the professional 

conduct of the medical physicist. The term “ethics” is used here in the sense of a permissible 

standard of conduct for members of a profession. In addition to becoming familiar with written 

codes of conduct, the student should be introduced to commonly encountered situations in 

which a choice of actions is available, some of which would be considered unethical (and some 

of which would be considered ethical), according to current international and national standards 

of care or practice. 

Content: 

• Ethical principles 

• Professional conduct 

• Clinical practice ethics 

 

3.3. ELECTIVE TOPICS 

Elective topics are not mandatory and are generally included when a substantial amount of 

didactic material and course work is needed to meet the requirements of the local university. 

Some suggestions are given below but they are not considered essential to all programmes. 

 

3.3.1. Information technology with an emphasis on networking 

Objective: 

Information technology is an essential component of the tools that a medical physicist needs to 

perform basic tasks in the practice of medical physics. This section provides an introduction to 

some of these basic information technology skills.  
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3.3.2. Electronics 

A basic theoretical and experimental course on the electronic components and functioning of 

devices and system typically used in a medical physics environment can be included here. 

 

3.3.3. Practical sessions in a hospital 

Medical Physics practical sessions in the hospital 

o Radiation Oncology 

o Nuclear medicine 

o Radiology 

 

3.3.4. Research report 

A research project could be included here. 

 

3.4. RELATIVE CREDITS 

Table 1 gives an example of the relative credits that can be used to determine the contact hours 

of the programme. It should be noted that different permutations are possible within the 

academic programme structure because some modules may be covered during the clinical 

training, whereas other modules may be part of the pre-requisite learning received during the 

graduate programme. In addition, many postgraduate programmes require a significant 

research report component, which is not included here. 

TABLE 1. AN EXAMPLE OF A POSTGRADUATE PROGRAMME WHICH INCLUDES 

ALL THE MODULES SUGGESTED IN THIS DOCUMENT. THE RELATIVE CREDIT 

REFERS TO THE CONTACT HOURS AND DOES NOT ALLUDE TO A RATING OR 

GRADING SYSTEM. 

Module Relative credit within the programme 

Radiation Physics   10% 

Fundamentals of Dosimetry 10% 

Physics of Radiation Oncology 12.5% 

Physics of Radiology 12.5% 

Physics of Nuclear Medicine  12.5% 

Radiation Protection and Safety (ionising 

and non-ionising) 

12.5% 

Measuring techniques, statistics and 

research methodology   

5% 

Radiobiology 7.5% 

Anatomy and Physiology 5% 

Professional and Medical Ethics      2.5% 

Information technology with an emphasis 

on networking 

1.25% 

Electronics 1.25% 

Medical Physics practical sessions in the 

Hospital 

7.5% 
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4. COMPETENCY-BASED TRAINING 

 

The IAEA Basic Safety Standards [2] defines a medical physicist working in a clinical 

environment as:  “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”. It requires that medical physicists 

with responsibilities for medical exposures are specialized “in the appropriate area” and as 

such, “meet the respective requirements for education, training and competence in radiation 

protection”.   

 

In addition, “For therapeutic uses of radiation, the requirements of these Standards for 

calibration, dosimetry and quality assurance, including the acceptance and commissioning of 

medical radiological equipment, as specified in paras 3.166, 3.167(c), 3.169 and 3.170, are 

fulfilled by or under the supervision of a medical physicist;  

For diagnostic radiological procedures and image guided interventional procedures, the 

requirements of these Standards for medical imaging, calibration, dosimetry and quality 

assurance, including the acceptance and commissioning of medical radiological equipment, as 

specified in paras 3.166, 3.167(a), 3.167(b), 3.168, 3.169 and 3.170, are fulfilled by or under 

the oversight of or with the documented advice of a medical physicist, whose degree of 

involvement is determined by the complexity of the radiological procedures and the associated 

radiation risks” (3.153 d-e) [2].  

 

In order to meet these requirements, an intensive programme of structured learning in a 

conducive environment is necessary to produce a Clinically Qualified Medical Physicist 

(CQMP). Although a busy clinical environment can often be perceived by residents to offer 

less individualized opportunities for professional development, the importance of being 

exposed to a range of cases, techniques and technologies that are appropriate to the regional 

needs, must be emphasized. As a result, it was not recommended that clinical training is 

conducted in highly specialized, advanced or emerging technologies, but instead concentrates 

on providing residents with a thorough grasp of safe and effective evidence-based practice. 

Accordingly, the clinical training guidelines and the portfolio presented here are structured to 

develop and record the medical physics competencies needed for standard of care in the region 

using current modern technology.  

 

4.1. THE NEED FOR DEVELOPING CLINICAL COMPETENCIES 

 

According to the IAEA Human Health Series No. 25 [1], the principal roles and responsibilities 

of a CQMP working in medical physics can be summarised as i.e. calibration and verification 

of measurement instruments, technical supervision of equipment operation and maintenance, 

records and documentation, clinical computing and networking, research and development, and 

education and training. Additionally, the following specific roles and responsibilities are 

related to the practice of medical physics: 

• Installation, design, technical specification, acceptance and commissioning of 

equipment, including establishment of criteria for acceptable performance 

• Radiation safety and protection of patients, staff and the general public 

• Radiation dosimetry of radiation sources and patients (including external and internal 

dosimetry) 

• Optimization of the physical aspects of diagnostic and therapeutic procedures 

• Quality management of physical and technical aspects, such as: 
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o Development of institutional policies and procedures for the safe and effective 

use of radiation 

o Supervision of QA and QC procedures 

o Risk assessment and management 

o 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 in the training of clinical 

staff...” 

Associated with each of these roles and responsibilities is not only academic knowledge and 

ability, but also an acquired set of skills and competencies obtained during a structured clinical 

training programme. The clinical training guidelines and portfolio developed here address each 

of these roles and responsibilities.    

 

4.2. SUPERVISORY ASPECTS 

 

It is recommended that a practising CQMP with at least 5 years’ experience in hospital-based 

independent practice should supervise the overall programme. A maximum ratio of residents 

(interns or trainees) to CQMP staff of 2:1 (taking into account the workload of the facility and 

additional numbers of practising CQMPs) was also recommended. However, in case of limited 

resources, this ratio could be exceeded under the responsibility of the supervisor. In addition, 

suitably qualified mentors may facilitate the clinical training and assist the resident in 

accomplishing the various facets of the programme. 

 

The clinical supervisor(s) are responsible for ensuring that the resident is trained in all aspects 

of the nationally-accredited medical imaging physics clinical training programme. This may 

require that the resident is placed at other institutions (nationally and regionally) to receive the 

full spectrum of exposure to all modalities, techniques and technologies. The supervisor(s) 

should meet regularly with the resident to discuss progress (including reviewing deadlines) and 

to provide adequate supportive and corrective feedback to the resident, such as the level of 

competency attained and competency achievements which have fallen behind.  The resident’s 

clinical training skills, reports and performance should be monitored, reviewed, assessed and 

documented in the portfolio according to the standards required of the accredited programme. 

 

4.3. RESIDENT LEARNING AGREEMENT 

 

The details of the contractual agreement between the resident, supervisor and the hospital are 

beyond the scope of this document. Residents often have little or no work experience and enter 

clinical training programmes immediately following fulltime academic education. As a result, 

integration into the clinical environment can be intimidating and challenging for a new resident. 

In addition, most procedures and decisions in clinical environments require ethical 

consideration. International guidelines which determine the principles of professional conduct, 

and research and education ethics for medical physicists working in the clinical environment 

are provided in Appendix I of the IAEA Human Health Series No. 25 [1]. 

 

The timely completion of a portfolio requires initiative, time management and motivation 

which must arise primarily from the resident. Residents need to take initiative to seek out 

learning opportunities from the clinical environment. Clinical service delivery often takes 
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precedence over the individual expectation of the resident to acquire competencies and a 

significant proportion of skills development may need to be practiced after-hours. 

 

Difficulty in completing the programme is expected to be encountered when a resident has low 

initiative and/or is slow to accept responsibility. Specific responsibilities of the resident are to 

meet regularly with the clinical supervisor(s), discuss progress and to review deadlines, fill any 

gaps in the knowledge related to the corresponding discipline of clinical training. Important 

outcomes are the ability to practice independently, take responsibility for decisions and actions, 

display organisational skills, pay attention to detail, communicate effectively and work within 

an inter-disciplinary team. With regard to maintaining the portfolio, it is important to ensure 

that the clinical supervisor(s) “signs off” on satisfactory completion of a competency 

assessment and that the portfolio is kept up-to-date. Residents should prepare in a thorough 

manner for all assessments required as part of the programme and take every opportunity to 

develop knowledge and skills and, once acquired, maintain the knowledge and skills. A culture 

of lifelong learning should be instilled in residents to encourage their realization of the need 

for on-going continuing professional development (CPD) as a qualified health professional in 

order to maintain and update knowledge, skills and competencies.  

 

Clinical training programmes include self-directed study and residents must also take 

individual responsibility for meeting deadlines. Termination of the clinical training position 

may be considered if there is a failure to meet the standards required in the programme 

following a period of supportive and corrective feedback and opportunity to improve. Feedback 

should be accepted in the spirit that it is provided, i.e. to assist in improving performance. 

 

4.4. INFRASTUCTURES AND FACILITIES 

 

The training programme should be conducted within a licensed facility which complies with 

all the requirements for a comprehensive programme of quality assurance for medical 

exposures in all aspects of radiotherapy and medical imaging [2].  

 

4.4.1 Radiotherapy 

The following is the minimum list of equipment for sites to offer the complete comprehensive 

clinical training program in radiotherapy medical physics: 

• Positioning/Immobilization systems (breast, head and neck) 

• Mould room and workshop equipment 

• Conventional/fluoroscopic radiotherapy simulation 

• CT-based 3D treatment planning, including access to a CT scanner 

• 60Co teletherapy 

• Linear accelerator (LINAC) with photon and electron beams 

• Kilovoltage therapy 

• Brachytherapy low dose rate (LDR) and/or high dose rate (HDR) 

• Access to systems for absolute and relative dosimetry of all treatment equipment 

 

The assumption is that there is a workload of at least 500 new patients per year, 200 of whom 

will receive brachytherapy. In addition to the CQMPs, there should be sufficient staffing levels 
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of radiation oncologists and radiation therapy technologists to support the service. At least 15% 

of the patients should receive individualized CT-based 3D treatment planning. 

From the list of equipment it is clear that there is a significant component of radiology 

procedures (radiographic, fluoroscopic and tomographic) needed for patient imaging as part of 

the treatment planning and treatment verification process. Some of the competencies gained 

during training on the physical and technical aspects of these modalities will meet the 

requirements for some modules of clinical training in radiology and nuclear medicine medical 

physics.  References to the imaging medical physics competencies are noted in the portfolio 

where applicable. 

 

4.4.2 Diagnostic/interventional radiology 

The following is the minimum list of equipment for sites to offer the complete comprehensive 

clinical training program in diagnostic/interventional radiology medical physics:  

• General X ray units 

• Fluoroscopy X ray units 

• CT unit 

• Mammography unit 

• Dental units 

• Ultrasound units 

• Dosimetry and QC equipment (see par 5.2.1.1) 

• Calibrated survey meter 

 

Depending on the specific needs of each country, the proposed training programme could be 

enriched to include additional modalities, such as 

• MRI unit 

• Angiography unit 

• TLD system 

• DXA unit. 

 

4.4.3 Nuclear Medicine 

The following is the minimum list of equipment for sites to offer the complete comprehensive 

clinical training program in nuclear medicine medical physics:  

• Gamma camera / SPECT or SPECT/CT 

• Dose calibrator, probes and counters 

• Phantoms and calibration sources (see par 5.2.2.1) 

• Calibrated survey meters and contamination probes 

 

The department must also have on-site or be prepared to rotate residents to other departments 

with: 

• Nuclear medicine therapy services 

Depending on the specific needs of each country, the proposed training programme could be 

enriched to include additional modalities and services, such as 
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• PET or PET/CT 

 

4.5. CLINICAL TRAINING PROGRAMME: RADIOTHERAPY 

 

The suggested clinical training programme has been tabulated for ease of reference. Table 2 

gives the modules, sub-modules, activities, competencies and estimated duration of each 

module where applicable. The suggested clinical program can be considered as the minimum 

acceptable and has a duration of 1 year. The main modules are loosely ordered according to a 

logical schedule of training and are: 

• Clinical environment in radiotherapy 

• External beam radiotherapy (EBRT) reference dosimetry including instrumentation 

and calibration 

• EBRT relative dosimetry (acceptance test procedures (ATP), commissioning and 

ongoing QC) 

• Imaging equipment 

• EBRT 

• Brachytherapy 

• Radiation protection and safety 

• Equipment specification and acquisition 

• Quality management 

• Professional ethics 

 

For each of the 10 modules, the corresponding modules from the IAEA Technical Course 

Series No. 37 [3] are given and therefore additional information on the programme structure, 

objectives, pre-requisite knowledge and core and supplementary reading materials can be 

obtained. In addition, where appropriate, the reference to the requirements in the IAEA Basic 

Safety Standards [2] is also provided.   

The Radiation protection and safety, Quality management and Professional ethics modules will 

have a significant overlap with medical physics clinical training programmes in radiology [4] 

and nuclear medicine [5]. The radiation safety aspects of therapeutic procedures using unsealed 
131I or other sources are listed as an activity as this is often the responsibility of the radiotherapy 

CQMP, especially in low and middle income countries. Readers are referred to Module 8 of 

the IAEA Technical Course Series No. 50 [5] for details of the particular competencies related 

to therapeutic nuclear medicine. 

It should be noted that many of the required competencies to be attained in the Professional 

ethics module are based on national guidelines, regulations and codes of conduct related to the 

clinical and research environments dealing with human subjects. These can vary widely 

between countries and this module needs to be adapted accordingly.  
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TABLE 2: CLINICAL TRAINING PROGRAMME FOR RADIOTHERAPY MEDICAL PHYSICS RESIDENTS 

MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 

Clinical environment in 

radiotherapy 

(TCS No. 37 Sub-modules 

1.2, 1.4, 7.2) 

 

Duration: 

3 weeks 

 

 

 

 

Duration: 

Entire programme 

 

Workflow of a 

radiotherapy 

department 

 

 

 

 

 

Orientation at each major duty station Define duty stations, 

radiotherapy process and 

patient flow 

Organogram of medical 

physics within the structure 

of a clinical environment 

Capture the roles and 

responsibilities of medical 

physicists in all radiotherapy 

activities [1] 

Skills to communicate 

in radiotherapy with 

other professionals 

Developing the « language » :  Attendance at all 

clinical rounds, peer review meetings, film review 

sessions, new patient planning conferences, quality 

assurance (QA) committee meetings, protocol review 

meetings, CPD activities  

Be conversant with a 

glossary of terms used in 

radiotherapy 

EBRT Reference dosimetry 

including instrumentation 

and calibration 

(TCS No. 37 Sub-modules 

3.1, 3.2, 3.3, 3.7) 

 

Duration: 

5 weeks 

Kilovoltage therapy Instrument quality control (QC), calibration and cross 

calibration of field dosimetry systems 

Check field dosimetry 

system, perform cross 

calibration at user beam 

(IAEA1296a) 

Beam quality Perform measurement and 

establish the HVL for a low 

and medium energy X ray 

beam (TRS277b) 

Output calibration Apply TRS277/398c Codes 

of Practice (CoP) 
60Co teletherapy Instrument QC, calibration and cross calibration of 

field dosimetry systems 

Perform cross calibration at 

user beam (IAEA1296) 



23 
 

MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 

Reference field mechanical QC IAEA1296 guidelines 

Reference dose calibration Apply TRS398 CoP 

Other calibration methods Awareness of other CoPs 

Constancy – source position, timer, transit time IAEA1296 guidelines 

MV photons (LINAC) Instrument QC, calibration and cross calibration of 

field dosimetry systems 

Check field dosimetry 

system, perform cross 

calibration at user beam 

(IAEA1296) 

Reference field mechanical QC IAEA1296 guidelines 

Beam quality TRS398 methodology 

Reference dose calibration Apply TRS398 CoP 

Constancy measurements IAEA1296 guidelines 

MeV electrons 

(LINAC) 

Instrument QC, calibration and cross calibration  Check field dosimetry 

system, perform cross 

calibration at user beam 

(IAEA1296 and TRS398) 

Beam quality TRS398 methodology 

Reference dose calibration Apply TRS398 CoP 

Constancy measurements IAEA1296 guidelines 

EBRT Relative dosimetry 

(ATP, commissioning and 

ongoing QC) 

(TCS No. 37 Sub-modules 

2.4, 3.4, 4.3, 4.4, 4.5) 

 

Duration: 

8 weeks 

Kilovoltage therapy Measurement of field size factors, BSF, PDD, ISL Produce time chart and 

calculation instruction 

Mechanical, dosimetry and safety checks IAEA1296 guidelines 
60Co teletherapy Safety, emergency procedures and 

Mechanical 

IAEA1296 guidelines 

Relative dosimetry measurements: TAR, BSF 

PDD 

Open and wedge field data 

Time chart (clinical tables), 

BJR Suppl. 25 [6] 
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MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 

Penumbra 

Equivalent square 

MV photons (LINAC) Safety 

Mechanical 

IAEA1296 guidelines 

Relative dosimetry measurements: 

Scatter correction factors 

TMR 

PDD 

Penumbra 

Uniformity and symmetry 

Open field and wedge data 

Asymmetric collimation 

3D water phantom 

measurements 

MeV electrons 

(LINAC) 

Safety IAEA1296 guidelines 

Relative dosimetry measurements: 

Applicator factors 

PDD 

Irregular fields 

Uniformity and symmetry 

Virtual source position 

3D water phantom 

measurements 

Imaging equipment 

(TCS No. 37 Sub-modules 

4.1, 4.3, 4.5, 5.4) 

 

Duration: 

3 weeks 

Fluoroscopic simulator QC and dose (mechanical, safety, radiography, 

fluoroscopy) 

IAEA1296 guidelines and 

TRS457 d 

C-arm QC and dose (mechanical, safety, radiography, 

fluoroscopy) 

TRS457 

Ultrasound QC Relevant AAPM Reports 

Computed 

Tomography (CT) 

QC and CTDI  IAEA Human Health Series 

No. 19 e; TRS457 

Site-specific and individualised imaging protocols for 

TP: 

Ability to suggest imaging 

protocols based on the 
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MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 

Scan parameters, scan lengths w.r.t. volume 

definition, positioning, accessories, contrast agents, 

artefacts 

request for CT-based 

treatment planning 

Film processor, CR or 

laser printer/imager 

QC  

EBRT 

(TCS No. 37 Sub-modules 

3.5, 3.6, 4.7, 4.8, 5.2, 5.3, 

5.5) 

 

Duration: 

12 weeks (an additional 4 

weeks is recommended for 

the sub-module on 3D 

computerized TP 

equipment) 

Positioning and 

Immobilization 

Observe methods of patient positioning and 

immobilization in order to facilitate optimal field 

arrangement and minimize setup uncertainty 

Ability to select the optimal 

position and device for a 

range of treatment sites. 

Beam modification 

and shaping devices 

Manufacture Devices 

QC and verification Evidence 

Safety aspects Good Laboratory Practice 

(GLP) 

Contours (manual or 

single slice) and hand 

planning 

Clinical examples Case studies 

Techniques relying on 

a clinical mark-up, a 

direct setup and  2D 

simulation 

Develop technique, setup instruction and calculation 

of times 

Clear, logical and precise 

documentation 

Clinical examples Case studies 

Establishing margins 

for PTV definition 

Clinical examples for different sites and techniques Collect and analyse data for 

case studies 

3D Computerized 

Treatment Planning 

(TP) equipment 

 

Acceptance 

Acquistion of beam data 

Commissioning – geometric, dosimetry and 

networking 

CT validation 

End to end testing 

Algorithms 

TRS430 f 

 

3D TP cases Volume definition (ICRU, QUANTEC [7])  Case studies 
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MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 

Dose plan modelling process 

DP evaluation and approval (DVH and prescription) 

DP verification 

Setup instruction  

Generate DRRs 

Shielding and accessories (+QC) 

Data transfer 

Treatment delivery In-vivo dosimetry (IVD) Calibrate, interpret result. 

ESTRO Booklet No. 5 

Portal imaging : calibrate, transfer images, compare 

and evaluate images, QC  

AAPM reports 

Recording and reporting ICRU Reports 62 [8] and 71 

[9] 

Brachytherapy 

(TCS No. 37 Sub-modules 

2.4, 6.2, 6.3, 6.4, 6.5, 6.6, 

6.7, 6.8) 

 

Duration: 

4 weeks 

Imaging techniques Planar (stereo shift, orthogonal, semi-orthogonal, 

jigbox) techniques 

Perform and select 

reconstruction technique 

Low dose rate and/or 

high dose rate (HDR) 

brachytherapy 

ATP IAEA1296 guidelines and 

ESTRO Booklet No. 8 [10] 

Commissioning IAEA1296 guidelines and 

ESTRO Booklet No. 8 

QC IAEA1296 guidelines and 

ESTRO Booklet No. 8 

Source calibration and exchange  TECDOC1274 g or AAPM 

Task Group 43 [11] and 

supplements 

Image, applicator and source data for TP AAPM Task Group 43 

Reports 

Prescriptions ICRU Reports 

TP AAPM Task Group 43 

Reports 
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MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 

Source preparation Good Laboratory Practice 

(GLP) 

Safety of sources Stock, acquire, transport, waste management IAEA Basic Safety 

Standards  

Emergency procedures IAEA 1296 guidelines 

HDR Optimization methods Select and perform 

appropriate optimization 

technique 

Intraluminal techniques Case studies 

Brachytherapy cases  Case studies 

Treatment delivery IVD Calibrate, interpret result 

Recording and reporting ICRU, GEC-ESTRO, ABS 

and AAPM reports 

Ophthalmic applicators QC GLP 

Radiation protection and 

safety 

(TCS No. 37 Sub-modules 

2.1, 2.2, 2.3, 2.5, 2.6, 2.7, 

2.8, 2.9 BSS Requirement 

40)  

 

Duration: 

4weeks 

International and 

national regulatory 

frameworks 

Review institutional compliance Report 

Occupational and 

public exposure in 

radiotherapy 

Controlled areas, pregnant staff, monitoring, signage, 

safe practices 

Report 

Design of a facility Hypothetical exercise : Integration of siting, 

surrounding structures, infrastructure assessment, 

expansion needs, workflow and efficiency 

Estimate workload and use 

factors, suggest a concept 

design 

Shielding calculations 

for all radiation 

bunkers 

Use layouts to calculate the effective dose rates to the 

public and the  staff around and in the facility 

Result 

Verifying shielding calculations using survey 

instruments 

Report 

Special procedures Fetal dose calculations Case studies, AAPM Report 

Pacemakers, etc. AAPM Reports 
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MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 
131I therapy or other therapeutic procedures using 

unsealed sources (if applicable).  

See Nuclear Medicine 

clinical training guidelines 

or IAEA Technical Course 

Series No. 50 [5] 

IAEA Safety Reports Series 

No. 63 h 

Equipment specification 

and acquisition 

(TCS No. 37 Sub-modules 

4.2, 5.1, 6.1, 7.4)  

 

Duration: 

3 weeks 

Department needs 

assessment 

Workload 

Functionality 

Compatibility 

Siting 

Analyse and report. 

Technology 

assessment 

Technical specifications : 

Dosimetry 

Imaging 

Treatment units 

Treatment Planning 

Information Technology and  networking 

Report, adapt from 

IAEA1296 guidelines. 

Human Health Report No. 7 

i 

National tender and procurement process Estimate the budget and 

produce a mock 

specification 

Quality management 

(TCS No. 37 Sub-modules 

4.6, 7.3, 7.5, 7.6 and BSS 

Requirements 38 and 41) 

 

Duration: 

4 weeks 

Institutional policies 

and procedures 

Personnel monitoring (pregnant workers), reporting 

incidents and near accidents, notifications (equipment 

failure), optimizing workflow, personnel orientation 

Review, report, case studies 

Performing and 

documenting QC 

Dosimetry instrumentation, equipment, calibration of 

sources, abiding by well-established good practices 

(e.g. international CoPs), developing internal 

redundancy systems, clinical aspects 

Documentation 

Auditing Internal (peer review) AAPM reports 
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MODULE SUB-MODULE ACTIVITY OUTPUT or 

COMPETENCY or 

SKILL 

External QUATRO [12], 

IAEA/WHO TLD dosimetry 

audits 

Risk management 

culture 

Risk assessments WHO guidelines 

Investigating incidents and near accidents Case studies 

Professional ethics 

(TCS No. 37 Sub-modules 

7.1, 8.1) 

 

Duration: 

Entire programme 

Medical ethics Research ethics : Familiarity with the World Medical 

Association (WMA) Helsinki agreement j and 

responsibilities in clinical trials. Good clinical 

practice (GCP).  

Knowledge of international 

and national regulations 

concerning research ethics. 

Informed consent  

Knowledge 

management 

Medical Physics Organizations : Understanding 

national, regional and global medical physics bodies 

 

 Maintenance of knowledge, skills and competence 

(CPD) 

 

Code of conduct Patient confidentiality Behavioural 

Appropriate conduct in the clinical environment Behavioural 

Malpractice  

 

Key to references:  a http://www-pub.iaea.org/MTCD/Publications/PDF/pub1296_web.pdf 

   b http://www-pub.iaea.org/books/IAEABooks/5546/Review-of-Data-and-Methods-Recommended-in-the-International- 

   Code-of-Practice-IAEA-Technical-Reports-Series-No-277-Absorbed-Dose-Determination-in-Photon-and-Electron-Beams 

   c http://www-pub.iaea.org/MTCD/Publications/PDF/TRS398_scr.pdf 

   d http://www-pub.iaea.org/MTCD/Publications/PDF/TRS457_web.pdf 

   e http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1557_web.pdf 

http://www-pub.iaea.org/MTCD/Publications/PDF/pub1296_web.pdf
http://www-pub.iaea.org/books/IAEABooks/5546/Review-of-Data-and-Methods-Recommended-in-the-International-%09%09%09%09Code-of-Practice-IAEA-Technical-Reports-Series-No-277-Absorbed-Dose-Determination-in-Photon-and-Electron-Beams
http://www-pub.iaea.org/books/IAEABooks/5546/Review-of-Data-and-Methods-Recommended-in-the-International-%09%09%09%09Code-of-Practice-IAEA-Technical-Reports-Series-No-277-Absorbed-Dose-Determination-in-Photon-and-Electron-Beams
http://www-pub.iaea.org/MTCD/Publications/PDF/TRS398_scr.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/TRS457_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1557_web.pdf
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   f http://www-pub.iaea.org/MTCD/Publications/PDF/TRS430_web.pdf 

   g http://www-pub.iaea.org/MTCD/Publications/PDF/te_1274_prn.pdf 

   h http://www-pub.iaea.org/MTCD/Publications/PDF/pub1417_web.pdf 

   i http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1607_web.pdf 

   j http://www.wma.net/en/30publications/10policies/b3/17c.pdf 

 

 

http://www-pub.iaea.org/MTCD/Publications/PDF/TRS430_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/te_1274_prn.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/pub1417_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1607_web.pdf
http://www.wma.net/en/30publications/10policies/b3/17c.pdf
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4.6. CLINICAL TRAINING PROGRAMME: MEDICAL IMAGING 

The suggested clinical training programme has been constructed, following the clinical training 

programme in radiotherapy, in modules, sub-modules, activities, competencies and estimated 

duration of each module where applicable. The duration of each module and activities are 

presented in the following tables. 

 

4.6.1 DIAGNOSTIC/INTERVENTIONAL RADIOLOGY 

The suggested program can be considered as the minimum acceptable and has duration of 6 

months.The main modules are loosely ordered according to a logical schedule of training and 

are presented in the following table: 

 

TABLE 3.1. TRAINING MODULES ON DIAGNOSTIC / INTERVENTIONAL 

RADIOLOGY 

Module 
Duration 

(weeks) 
Details 

Clinical awareness  
Entire 

programme 
Table 3.1.a 

Performance testing of imaging equipment 15 Table 3.1.b 

Radiation protection and safety 4 Table 3.1.c 

Dosimetry instrumentation and calibration 1 Table 3.1.d 

Patient dose audit 2 Table 3.1.e 

Image quality assessment  1 Table 3.1.f 

Technology management in Diagnostic Radiology 1 Table 3.1.g 

Optimization of clinical procedures 2 Table 3.1.h 

Professional ethics 
Entire 

programme 
- 

 

4.6.2 NUCLEAR MEDICINE 

The suggested program can be considered as the minimum acceptable andhas duration of 6 

months. The main modules are loosely ordered according to a logical schedule of training and 

are presented in Table 3.2. 

 

For each module, the corresponding modules from the IAEA Technical Course Series No. 47 

[4] and 50 [5] are given and therefore additional information on the programme structure, 

objectives, pre-requisite knowledge and core and supplementary reading materials can be 

obtained. In addition, where appropriate, the reference to the requirements in the IAEA Basic 

Safety Standards [2] is also provided. 

 

The Radiation protection and safety, Quality management and Professional ethics modules will 

have a significant overlap in all disciplines (radiotherapy, nuclear medicine, 

diagnostic/interventional radiology).  

 

It should be noted that many of the required competencies to be attained in the Professional 

ethics module are based on national guidelines, regulations and codes of conduct related to the 
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clinical and research environments dealing with human subjects. These can vary widely 

between countries and this module needs to be adapted accordingly. 

 

A culture of lifelong learning should be instilled in residents to encourage their realization of 

the need for on-going continuing professional development (CPD) as a qualified health 

professional in order to maintain and update knowledge, skills and competencies. 

 

TABLE 3.2. TRAINING MODULES ON NUCLEAR MEDICINE 

Module 
Duration 

(weeks) 
Details 

Clinical awareness     
Entire 

programme 
Table 3.2.a 

Radiation protection and safety   9 Table 3.2.b 

Technology management in Nuclear Medicine 1 Table 3.2.c 

Radioactivity measurements and internal dosimetry 3 Table 3.2.d 

Performance testing of Nuclear Medicine equipment 8 Table 3.2.e 

Preparation and quality control of 

radiopharmaceuticals 
1 Table 3.2.f 

Radionuclide therapy using unsealed sources 2 Table 3.2.g 

Clinical applications     1 Table 3.2.h 

Optimization      1 Table 3.2.i 

Professional ethics 
Entire 

programme 
- 
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Table 3.1.a - Clinical awareness 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Clinical awareness (TCS 

No. 47 Sub-modules 1.3) 

 

Duration: 

Entire programme 

Patient related 

experience 

Understanding patient 

workflow in a diagnostic 

radiology department and the 

role of multidisciplinary 

professionals involved in 

diagnostic radiology. 

Exposure to the following patient-related clinical 

experiences:  

• General radiology including digital or plain film 

radiography, mammography and fluoroscopy  

• Sectional imaging; including CT and MRI  

• Ultrasound  

• Dental imaging  

During this time, the resident should:  

• Understand the patient work flow for a range of typical 

diagnostic procedures including ambulatory and non-

ambulatory patients  

• Attend reporting sessions with different Radiologists 

over a number of weeks covering all modalities  

• Attend at least two clinical review meetings covering 

each of a number of organ systems (case review)  

• Demonstrate an understanding of the purpose of the 

typical procedures.  

• Note the reasons for the patient’s admission and their 

conditions  

• Study local and national regulations on confidentiality 

and handling of patient information 
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Table 3.1.b - Performance testing of imaging equipment 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Performance testing of 

imaging equipment  

(TCS No. 47 Sub-modules 

5.1, 5.2, 5.3, 5.4, 5.5, 5.7, 

5.8, 5.10, 5.11, 5.12) 

 

Duration:  

15 weeks 

Screen-film 

systems 

Measurement and assessment 

of system performance, 

periodic QC of screen film 

systems 

Measurement and assessment of screen films:  

• Characteristic curves, and associated metrics  

• Screen-film contact  

• Visual inspection of cassettes, identification of artefacts, 

light tightness  

• Screen batch-to-batch consistency (acceptance testing)  

• Film batch-to-batch emulsion variability  

Assessment of viewing conditions 

• View box luminance and room illuminance 

 Film processing 

and darkroom 

Measurement and assessment 

of system performance, 

periodic QC of processor and 

dark room 

Measurement and assessment of processor: 

• Developer temperature 

• Sensitometry, characteristic curves, contrast, base-plus-

fog level 

• Measurement of chemical replenishment rates 

• Residual fixer (sodium thiosulphate) 

• Artefact assessment 

Measurement and assessment of Darkroom: 

• Darkroom light leakage and safelight conditions 

 General 

radiography 

Measurement and assessment 

of system performance, 

periodic QC of general 

radiography installations and 

equipment 

Measurement and assessment of:  

• X ray / light beam alignment:  

o Accuracy of light beam and collimator alignment  

• Basic x ray beam parameters:  

o Radiation leakage  

o Tube voltage accuracy  

o Timer accuracy  

o Radiation output linearity  

o Output reproducibility  

o Beam quality. (Half Value Layer)  

• Image quality parameters:  

o Grid artefacts  
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o Bucky motion  

• Image Quality:  

o Limiting resolution  

o Contrast detail detectability 

• Automatic exposure control: 

o Film density across kV range for each screen film 

combination type for different phantom thicknesses 

o Consistency between chambers 

o AEC Repeatability 

o AEC Reproducibility 

 Conventional and 

digital 

fluoroscopy 

Measurement and assessment 

of system performance, 

periodic QC of simple 

fluoroscopic systems 

• Measurement and assessment of simple fluoroscopic 

systems (typically not used for angiography or any form 

of automatic serial imaging) with one image receptor 

size and manual and/or simple automatic exposure 

control:  

o Operation of equipment  

o Fluoroscopic collimation  

o Fluoroscopic tube voltage accuracy  

o Beam quality. (Half Value Layer)  

o Fluoroscopic screening timer  

o Radiation leakage  

o Congruency of X ray beam and displayed Image  

o Image receptor input dose rate  

o Typical and maximum skin input dose rate and 

characteristics of automatic brightness control (ABC)  

o Image Quality:  

▪ Limiting resolution  

▪ Contrast detail detectability  

  Measurement and assessment 

of system performance, 

periodic QC of complex 

fluoroscopic / angiographic 

systems 

Complex fluoroscopic systems (used for angiography and/or 

serial imaging) including multiple image receptor field sizes, 

possibly more than one X ray tube and multiple semi-

automatic or automatic exposure protocols:  

• Operation of equipment 
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• Relevant tests of simple fluoroscopic systems (above)  

• Dose and image quality tests for all relevant clinical 

exposure  protocols  

• Image quality testing of digital image: 

o Noise  

o Contrast to noise ratio 

 Computed 

radiography and 

digital 

radiography 

Measurement and assessment 

of system performance, 

periodic QC for computed and 

digital radiography systems 

Measurement and assessment of:  

• EI calibration  

• EI consistency  

• Latent Decay Time (CR only)  

• Linearity of dose and DDI  

• Erasure thoroughness (CR only)  

• Dark noise  

• Image uniformity  

• Limiting resolution  

• Noise and low contrast  

• Scaling errors and spatial accuracy  

• Blurring  

• Plate throughput 

 Mammography Measurement and assessment 

of system performance,  

periodic QC of conventional 

(screen film) systems 

For Screen-film mammography systems, measurement and 

assessment of:  

• Operation of equipment  

• Inspection of screen-film system, processing  

• Inspection of viewing conditions  

• Reject analysis  

• Basic x ray beam parameters:  

o Radiation leakage  

o Tube voltage accuracy  

o Timer accuracy  

o Radiation output linearity  

o Output reproducibility  

o Beam quality (Half Value Layer) of all available 

beams 
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• Breast compression:  

o Compression force  

o Alignment of compression paddle  

• Antiscatter grid:  

o Artefacts and motion  

• Image Quality:  

o Limiting resolution  

o Contrast detail detectability 

• Automatic exposure control: 

o Film density across kV range for different phantom 

thicknesses 

o AEC Repeatability 

o AEC Reproducibility 

 

  Measurement and assessment 

of system performance,  

periodic QC of digital systems 

For Digital systems, measurement and assessment of:  

• Operation of equipment  

• All tests for conventional systems (above)  

• Relevant tests for digital detectors (above)  

• Specific tests for the performance of AEC of digital 

systems 

o SNR (CNR) and dose measurement for different 

phantom thicknesses 
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 Computed 

tomography 

Measurement and assessment 

of system performance, 

periodic QC of axial systems 

• Operation of equipment  

• Setting scan parameters and image display parameters  

• Visual inspection and programme review  

• Perform the following measurement and assessment QC 

tests:  

o CT alignment lights  

o Scan projection radiography accuracy  

o CTDI and radiation dose indicators accuracy 

o CT number accuracy and linearity with electron 

density (especially for RT systems) 

o Image noise, uniformity & artefacts  

o High and low contrast resolution  

o Image slice thickness  

o Radiation slice thickness  

o Table feed accuracy 

o Gantry tilt angle 

o Image display and printing  

  Measurement and assessment 

of system performance, 

periodic QC of helical systems 

and MDCT 

• Operation of equipment  

• Relevant tests of simple fluoroscopic systems (above) 

• Relevant tests for axial systems (above) modified to 

determine conditions in helical and/or MDCT mode   

• Assessment of:  

o Automatic current modulation performance  
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 Ultrasound Measurement and assessment 

of system performance, 

periodic QC of ultrasound 

systems 

• Operation of equipment  

• Setting scan parameters and image display parameters  

• Quality control tests in gray-scale imaging mode:  

• System sensitivity  

• Image uniformity  

• Depth of penetration  

• Vertical and horizontal distance accuracy  

• Axial resolution  

• Lateral resolution  

• Low contrast object detectability  

• Ring-down (Dead zone)  

• Photography and other hard copy recording 

 Dental 

radiography 

Measurement and assessment 

of system performance, 

periodic QC  

Measurement and assessment of the following (as applicable 

for intraoral and panoramic equipment):  

• X ray beam:  

o Measurement of field size 

• Basic x ray beam parameters:  

o Radiation leakage  

o Tube voltage accuracy  

o Timer accuracy  

o Radiation output linearity  

o Output reproducibility  

o Beam quality. (Half Value Layer)  

• Image Quality:  

o Spatial resolution  

 Display and 

printing devices 

and viewing 

conditions 

Measurement and assessment 

of system performance, 

periodic QC of display and 

printing devices. Evaluation of 

viewing conditions. 

Measure and assess the performance of display devices  

• Measure the luminance and illuminance  

• Calibration and measurement of luminance response 

(GSDF)  

Measure and assess the performance of display and printing  

devices 

• Use of test patterns (SMPTE, TG18)  
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Table 3.1.c - Radiation protection and safety 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Radiation protection and 

safety  

(TCS No. 47 Sub-modules 

2.1, 2.2, 2.5, 2.6; BSS 

Requirement 40) 

 

Duration: 

4 weeks 

Design of a 

facility 

International and local 

standards, safety review, 

surrounding structures, dose 

and risk assessment, expansion 

needs, workflow and 

efficiency 

Demonstrate an understanding on the: 

• Local legislative requirements on radiation safety and 

protection 

• International standards and recommendations 

• Nature of source and equipment to be installed 

• Nature and types of the diagnostic clinical services to be 

provided 

• Radiation risk assessments  

• Radiation protection records of:  

o Personal dosimetry.   

o Environmental dose surveys  

o Equipment Quality Assurance programmes  

o Workload and shielding review  

o Checks of personal protective equipment 

  Calculation of shielding 

barriers 

• Carry out workload assessment  

• Determine occupancy of surroundings 

• Assess the effect on shielding options of equipment 

location and orientation 

• Calculate protective barriers for Plain Film Radiography, 

Mammography, Fluoroscopy, Computed Tomography 

• Specify the location and operation of warning signs (if 

appropriate) 

  Verifying shielding 

calculations using survey 

instruments 

• Conduct radiation survey and monitoring 

• Assess the effectiveness of shielding 

 Radiation hazard 

assessment 

Hazard assessment of facilities 

and radiological procedures 

 

• Identify potential hazards from the work 

• Identify all the persons who may be exposed and how 

they might be exposed 
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• Evaluate each potential hazard and decide whether the 

proposed or existing precautions are adequate, taking 

into account elements such as: 

o Type of x ray equipment and clinical procedure 

o Estimates of dose rates to which persons may be 

exposed 

o Results of personal dosimetry for similar activities 

o Planned or existing Local Rules or Systems of Work 
 Personnel 

dosimetry 

 

Methods for measuring 

personal dose 

• Discuss the relative merits of different dose monitors for 

use in a radiology department. 

• Identify the correct type of personal dosimeter to issue to 

differing staff groups (including pregnant women) and 

for different imaging modalities 

• Determine calculation methods to be used for staff 

dosimetry when measurements are not available or are 

not applicable 

  Operational use of personal 

dosimeters 

• Be able to interpret the dose results  

• Decide on the applicable investigation levels for 

individual results 

• Investigate cases of unusual or unexpected dose readings 

 Unintended and 

accidental 

exposure in 

diagnostic 

radiology 

Respond to an unintended or 

accidental exposure occurring 

in a radiology department 

affecting staff, patients or 

members of the public. 

• Discuss scenarios of possible unintended or accidental 

exposures in diagnostic and interventional radiology 

focusing on the following: 

o Procedural and regulatory issues 

o Circumstances of the unintended or accidental 

exposure 

o Individuals involved in the unintended or accidental 

exposure 

o Dose assessment 

o Recommendations to minimise the possibility of 

future unintended or accidental exposures. 
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Table 3.1.d - Dosimetry, instrumentation and calibration 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Dosimetry, instrumentation 

and calibration  

(TCS No. 47 Sub- modules 

7.1, 7.3, 7.4). 

 

Duration:  

1 week 
 

Ionising radiation 

dosimetry and 

principles of 

measurement 

Dose measurements and 

uncertainties in clinical 

practice 

Demonstrate an understanding on the: 

• Selection and correct use of equipment 

• Calibration and correction factors for dose 

measurements, including uncertainties, of the following:  

o Direct radiographic exposure  

o KAP measurement  

o CT dose indicator measurements  

o Scatter from patient  

o Dose rates, high dose fluoroscopy patient entrance 

and exit dose rates  

• Perform cross calibration of dosimeters in clinical 

practice 

• Discuss the importance of traceable calibrations on 

dosimetric equipment including:  

o Calibration traceability and frequency  

o Use of cross check documentation 
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Table 3.1.e - Patient dose audit 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Patient dose audit  

(TCS No. 47 Sub- modules 

8.1, 8.2, 8.3). 
 

Duration: 

2 week 

Dose Assessment Dosimetric principles 

Concept of diagnostic 

reference levels. 

Patient dose surveys 

 

Measure or calculate the following dose indices (including an 

assessment of the uncertainty), depending on the modality. 

1) For General Radiography & Fluoroscopy:  

• Ki or Ke for each patient or phantom as appropriate. 

Measure or estimate backscatter factors  

• Kerma Area Product  

Organ or Effective Dose from kerma and PKA (KAP) 

data (using published tables or software tools)  

2) For Mammography:  

• Ki 

• Mean/Average Glandular Dose  

3) For Computed Tomography:  

• C100,air, Cw(CTDI100,air, CTDIw)  

• CVOL and PKL(CTDIvol and DLP)  

• Organ and effective doses  

4) For dental radiology:  

• Ki for intra-oral radiography  

• PKL and PKA for panoramic radiography  
 

 Patient Dose  

Audit 

Dosimetry of adult and 

paediatric patients, 

• Discuss or review the methodology of patient dose 

audits for the establishment typical doses and reference 

levels. 

• Compare the typical patient doses with established 

DRLs. 

• Discuss required investigation and correction measures.  
 

 Foetal dose 

estimation 

Foetal dosimetry • Estimate foetal dose for case of irradiation of a pregnant 

patient for the following procedures: general 

radiography, fluoroscopy, interventional radiology and 

CT.  
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Table 3.1.f - Image quality assessment 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Image quality assessment 

(TCS No. 47 Sub-modules 

9.2, 9.3) 

 

Duration: 

1 week 
 

Assessment of 

image quality 

with phantoms 

Image quality phantoms and 

methodologies useful to assess 

image quality in various 

diagnostic radiology 

modalities 

For all major modalities, demonstrate an understanding on the: 

• Selection of a suitable phantom  

• Image quality evaluation of appropriate quantities – for 

example:  

o Evaluate resolution and MTF 

o Measure image noise quantitatively (e.g. image noise 

as a function of dose for CT)  

o Measure contrast and contrast related indices (e.g. 

CNR)  

o Measure low contrast characteristics including low 

contrast resolution patterns, mesh resolution patterns, 

and contrast detail curves  

• Analyse results and compare with reference documents.  

 Assessment of 

image quality of 

clinical patient 

images 

Subjective methods for image 

quality evaluation from 

clinical images. 

• In conjunction with a radiologist familiarize with the 

methodologies to evaluate image quality of a procedure 

using subjective quality criteria  
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Table 3.1.g - Technology management in diagnostic radiology 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Technology management in 

diagnostic radiology  

(TCS No. 47 Sub- modules 

6.1, 6.2, 6.3, 6.4, 6.5) 

 

Duration: 

1 week 

Tender and 

procurement 

process  

The ability to  prepare the 

specifications and acquire 

suitable equipment through a 

tendering process  

• Roles and responsibilities of the procurement team  

• Perform: 

o Market research on equipment technology 

o Technology assessment 

o Review of procurement documentation 

• Prepare/perform within a multidisciplinary team  (either 

in a real case or in a hypothetical scenario): 

o Tender specification 

o Tender evaluation 

o Tender recommendation   

 Quality 

management of 

systems in 

radiology 

To develop an understanding 

of the principal requirements 

and elements for a quality 

management system in 

diagnostic radiology. 

• Discuss key elements of a quality management system: 

o Document control 

o Documentation of quality policy 

o Documentation of quality procedures (quality 

manual) 

• Analyze the patient work flow 

• Design the structure of a quality manual and apply it to a 

representative selection of items 

 

 Acceptance 

Testing / 

Commissioning 

Understanding of the concept 

and principles of acceptance 

and commissioning of 

equipment. 

• Understanding of the concept and principles of 

acceptance and commissioning of equipment. 

• Discuss and familiarize with the procedures of 

acceptance testing and commissioning 

• Review available documentation  
 

 Routine testing / 

Quality control 

Understanding of the methods 

for the clinical implementation 

and supervision of a quality 

control programme 

• Roles and responsibilities 

• Testing frequency  

• Limits of acceptability 

• Setting action levels 

• Importance of record keeping 
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• Regulatory requirements  

• Discuss the QC program for different types of 

equipment. 

(Detailed training on quality control tests should be 

under the module of Performance testing of imaging 

equipment) 
 Imaging 

informatics 

Skills to practice basic 

imaging informatics in digital 

imaging environments. 

Image Basics: 

• Read and manipulate images 

• Explore pre and post-processing tools 

• Explore different reconstruction algorithms  

• Read and manipulate images from a range of modalities. 

• Review the DICOM header for a range of imaging 

modalities 

Standards and Protocols: 

• Review basic standards and protocols 
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Table 3.1.h - Optimization of clinical procedures 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Optimization of clinical 

procedures 

(TCS No. 47 Sub-modules 

10.1,10.2) 

 

Duration : 

2 weeks  

Optimization of 

Procedures  

Understanding of the main 

factors that affect image 

quality and patient radiation 

dose.  

• Understand the concept of optimization in clinical 

practice  

• Discuss source material related to DRLs in diagnostic 

and interventional radiology.  

• Review of current status of a procedure: 

o Compare examination dose and technical factors with 

appropriate DRLs if available. 

o Discuss possibilities of optimization of the procedure 

with regard to 

▪ Radiographic protocol 

▪ Equipment configuration 

▪ Image reading conditions 

 Clinical audits Use of clinical audits as a tool 

to optimize the overall quality 

of processes and services 

• Acquire an understanding of the purpose and 

methodologies of clinical audit. 

• Consult relevant audit documents and other sources to 

ascertain the acceptable standards for medical physics in 

a radiology department. 
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Table 3.2.a - Clinical awareness 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Clinical awareness 

(TCS No. 50 Sub-modules 

1.3) 

 

Duration: 

Entire programme 

Clinical activities 

and factors that 

affect patient care 

Understanding of the role of 

multidisciplinary professionals 

involved in or requesting 

nuclear medicine services 

Exposure to the following patient-related clinical experiences:  

• Nuclear medicine imaging procedures  

• Preparation and administration of radiopharmaceuticals  

• Radionuclide therapy  

During this time, the resident should:  

• Understand the patient work flow for a nuclear medicine 

procedure  

• Attend preparation of radiopharmaceuticals  

• Attend reporting sessions in nuclear medicine over a 

number of weeks covering related modalities  

• Attend at least two clinical review meetings covering 

each of a number of organ systems (case review)  

• Attend some common diagnostic nuclear medicine 

procedures.  

• Demonstrate an understanding of the purpose of the 

typical procedures.  

• Note the reasons for the patient’s admission and their 

conditions  

• Attend administration of radionuclide for therapy  

• Prepare a patient case study for a complex procedure 

such as a cardiac procedure  

Study local and national regulations on confidentiality and 

handling of patient information.  
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Table 3.2.b - Radiation protection and safety 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Radiation protection and 

safety 

(TCS No. 50 Sub-modules 

2.1, 2.2, 2.4, 2.5, 2.6, 2.7) 

 

Duration: 

9 weeks 

 

Design of a 

facility 

International and local 

standards, safety review, 

surrounding structures, dose 

and risk assessment, expansion 

needs, workflow and 

efficiency 

Demonstrate an understanding of the: 

• Local legislative requirements and rules on  

o radiation safety and protection,  

o management of radioactive sources 

o radioactive waste management 

o patient discharge after therapy 

• International standards and recommendations 

• Nature of source and equipment to be installed 

• Nature and types of the diagnostic clinical services to be 

provided 

• Radiation risk assessments  

• Radiation protection records of:  

o Personal dosimetry.   

o Environmental dose surveys  

o Equipment Quality Assurance programmes  

o Workload and shielding review  

o Checks of personal protective equipment 

 

  The designation of areas 

associated with protection 

from unsealed radioactive 

material 

Demonstrate an understanding of the: 

• Grading of areas 

• Construction requirements, including  

o Layout 

o Surface finishes  

o Ventilation system 

o Waste management systems  

o Security of access and stores  

o Local shielding  

 

  Calculation of shielding 

barriers 

• Carry out workload assessment – taking into account 

examination technique, patient numbers, isotopes  
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• Determine occupancy of surroundings of a room  

• Perform the shielding calculation and assumptions for 

the SPECT and SPECT/CT imaging rooms, hot labs 

(wall barriers and protective equipment), 

waiting/injection rooms   

• Specify the location of warning signs (if appropriate) 

 

  Verifying shielding 

calculations using survey 

instruments 

• Conduct radiation survey and monitoring 

• Assess the effectiveness of shielding 

 Exposure from 

unsealed Sources 

and the Risk of 

Contamination 

Handle unsealed radioactive 

sources, designation of areas 

of the workplace 

• Understand the workflow of the Department from a 

radiation safety point of view. This should include:  

o receipt, storage and disposal of radioactive material  

o preparation and dispensing of radiopharmaceuticals  

o patient injection or administration procedures  

o patient movements before and after injection  

o patient scanning procedures  

• Conduct a radiation survey of the various areas in the 

Department (hot lab, patient waiting areas, scanning 

rooms etc.), making dose rate and contamination 

measurements  

 

 Radiation hazard 

assessment 

Hazard assessment of facilities 

and radiological procedures 

 

• Identify potential hazards from the work 

• Identify all the persons who may be exposed and how 

they might be exposed 

• Evaluate each potential hazard and decide whether the 

proposed or existing precautions are adequate,  

 

 Personnel 

dosimetry 

 

Methods for measuring 

personal dose 

• Discuss the relative merits of different monitors for use 

in a nuclear medicine department. 

• Identify the correct type of personal dosimeter to issue to 

differing staff groups (including pregnant women) 
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• Discuss calculation methods to be used for staff 

dosimetry when measurements are not available or in 

case of internal contamination 

 

  Operational use of personal 

dosimeters 

• Be able to interpret the dose results  

• Decide on the applicable investigation levels for 

individual results 

• Investigate cases of unusual or unexpected dose readings 

 

 Unintended and 

accidental 

exposure in 

nuclear medicine 

Respond to an unintended or 

accidental exposure occurring 

in a nuclear medicine affecting 

staff, patients or members of 

the public. 

• Discuss scenario of possible unintended or accidental 

exposures in nuclear medicine focusing on the 

following: 

o Procedural and regulatory issues 

o Circumstances of the unintended or accidental 

exposure 

o Individuals involved in the unintended or accidental 

exposure 

o Dose assessment 

o Recommendations to minimise the possibility of 

future unintended or accidental exposures 
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Table 3.2.c - Technology management in Nuclear Medicine 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Technology management in 

Nuclear Medicine 

(TCS No. 50 Sub-modules 

4.3, 4.4, 5.1, 7.1, 9.6, 9.7) 

 

Duration: 

1 week 

 

Tender and 

procurement 

process  

The ability to prepare the 

specifications and acquire 

suitable equipment through a 

tendering process  
 

 

 

• Roles and responsibilities of the procurement team  

• Perform: 

o Market research on equipment technology 

o Technology assessment 

o Review of procurement documentation 

• Prepare/perform within a multidisciplinary team (either 

in a real case or in a hypothetical scenario) 

o Tender specification 

o Tender evaluation 

o Tender recommendation 

 Quality 

management of 

systems in 

nuclear medicine 

To develop an understanding 

of the principal requirements 

and elements for a quality 

management system in nuclear 

medicine. 

• Discuss key elements of a quality management system: 

o Document control 

o Documentation of quality policy 

o Documentation of quality procedures (quality 

manual) 

• Analyse the patient work flow 

• Design the structure of a quality manual and apply it to a 

representative selection of items 

 

 Acceptance 

Testing / 

Commissioning 

Understanding of the concept 

and principles of acceptance 

and commissioning of 

equipment. 

• Understanding of the concept and principles of 

acceptance and commissioning of equipment. 

• Discuss and familiarize with the procedures of 

acceptance testing and commissioning 

• Review available documentation  

 

 Routine testing / 

Quality control 

Understanding of the methods 

for the clinical implementation 

and supervision of a quality 

control programme 

• Roles and responsibilities 

• Testing frequency  

• Limits of acceptability 

• Setting action levels 

• Importance of record keeping 
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• Regulatory requirements  

• Discuss the QC program for different types of 

equipment. 

(Detailed training on quality control tests should be 

under the module of Performance testing of imaging 

equipment) 

 

 Imaging 

informatics 

Skills to practice basic 

imaging informatics in digital 

imaging environments. 

Image Basics: 

• Read and manipulate images from a range of modalities.  

• Review the DICOM header for a range of imaging 

modalities 

Standards and Protocols: 

• Review basic standards and protocols 
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Table 3.2.d - Radioactivity measurements and internal dosimetry 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Radioactivity 

measurements and internal 

dosimetry 

(TCS No. 50 Sub- modules 

6.1, 6.2, 6.3, 6.4, 6.5) 

 

Duration: 

3 week 

 

Use of Traceable 

Standards for  

Radioactivity 

Measurements 

Skills to be able to perform 

and understand quality 

assurance principles for radio 

activity measurement in 

nuclear medicine. 

• Review calibration certificates of sealed standards and 

perform decay corrections to reference activity. 

• Perform cross-calibrations with instruments available in 

the clinic, e.g. gamma-well counters, gamma probes, 

solid-state detectors. Discuss the uncertainties in each 

measurement.  

 

 Formalism and 

Application of 

Internal 

Dosimetry 

Biokinetics analysis 

MIRD formalism 

Absorbed dose  and effective 

dose estimation 

 

• Review existing formalism (e.g. MIRD) for internal 

Dosimetry. 

• Estimate organ and effective dose in a specific scenario. 

• Estimate absorbed dose to foetus in a specific scenario 

and prepare a report. 

 

 Quantitative 

Nuclear 

Medicine 

Imaging 

Activity quantification 

calibration and evaluation  

The effect of acquisition 

parameters 

 

• Image analysis 

• Patient, physical and technical factors affecting accurate 

activity quantification: anatomic, physiological, time 

dependent, instrumentation and image processing 

factors.  

• Methods of scatter and attenuation correction. 

• Estimation of activity from planar and SPECT images. 

Effects of acquisition parameters (e.g. time per projection, 

matrix size, number of projections on the activity calibration 

factor). 
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Table 3.2.e - Performance testing of Nuclear Medicine equipment 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Performance testing of 

Nuclear Medicine 

equipment 

(TCS No. 50 Sub- modules 

7.2, 7.3, 7.4, 7.6, 7.7) 

 

Duration: 

8 week 

 

Dose calibrator Measurement and assessment 

of system performance, 

periodic QC of dose 

calibrators 

Perform the following tests: 

• Physical inspection 

• High voltage check 

• Background and zero check 

• Constancy (long term drift) check 

• Linearity of activity response 

• Precision and accuracy 

• Geometry dependence 

 

 Gamma probe 

and well counter 

Measurement and assessment 

of system performance, 

periodic QC of gamma probes 

and well counters 

Perform the following tests: 

• Physical inspection 

• Function of Scaler-timer/Rate meter  

• Energy Calibration  

• Energy Resolution  

• Sensitivity  

• Counting Precision (Chi squared test)  

• Linearity of Energy Response  

• Integral Background Count Rate  

• Linearity of Activity Response  

• Preset Analyser Settings  

 

 Planar gamma 

camera  

Measurement and assessment 

of system performance, 

periodic QC of planar gamma 

cameras 

Perform the following tests: 

• Physical inspection 

• Detector shielding 

• Energy peaking 

• Energy resolution 

• Intrinsic and system uniformity 

• Pixel size 

• System planar spatial resolution 

• System sensitivity 
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• Whole Body spatial resolution 

• Count rate performance 

• Computer timing in dynamic acquisition  
 

Perform basic gamma camera calibrations (e.g. peaking, 

PMT tuning, uniformity correction tables) 

  

 SPECT gamma 

camera 

Measurement and assessment 

of system performance, 

periodic QC of SPECT gamma 

cameras 

Perform the following tests: 

• Centre of Rotation 

• Tomographic uniformity 

• Tomographic resolution in air 

• Total performance (e.g. Jasczcak phantom) 

• Absolute size of pixel 

• Slice thickness 

 

If SPECT/CT is available, perform the additional 

Performance Tests suggested by the vendor for the CT 

component  

 

 Display and 

printing devices 

and viewing 

conditions 

Measurement and assessment 

of system performance, 

periodic QC of display and 

printing devices. Evaluation of 

viewing conditions. 

Measure and assess the performance of display devices  

• Measure the luminance and illuminance  

• Calibration and measurement of luminance response 

(GSDF)  

Measure and assess the performance of display and printing  

devices 

• Use of test patterns (SMPTE, TG18) 
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Table 3.2.f - Preparation and quality control of radiopharmaceuticals 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Preparation and quality 

control of 

radiopharmaceuticals 

(TCS No. 50 Sub- modules 

11.1, 11.2) 
 

Duration: 

1 week 

 

The preparation of 

radiopharmaceuticals 

 

Radiopharmaceutical 

preparations protocol  

Be aware of the procedures for the preparation of 

radiopharmaceuticals including : 

• Radionuclide generator 

• Laboratory technique 

• Preparation of radiopharmaceuticals  

 

 Quality control of 

the 

radiopharmaceuticals 

Quality Control tests  

Physical characteristics ,  

Radionuclide purity,  

Radiochemical purity, 

Chemical purity 

Be aware of the major quality control of 

radiopharmaceuticals  

Review the documentation and results of quality control 

procedures  

Observe the major radiopharmaceutical quality control. 

Perform the following quality control of 

radiopharmaceuticals  

• Chemical purity 

• Molybdenum break through  
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Table 3.2.g - Radionuclide therapy using unsealed sources 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Radionuclide therapy using 

unsealed sources 

(TCS No. 50 Sub-modules 

8.1, 8.3, 8.4, 8.6) 
 

Duration: 

2 weeks 

 

Treatment 

Procedure 

The purpose, principles and 

operational procedures of 

radionuclide therapy 

• Be familiar with the different therapeutic 

radiopharmaceuticals  

• Make a list of radionuclide therapies routinely 

performed in your department.  

• Be familiar with: 

o the protocol for nuclear medicine staff to unpack, 

dispense, label and administer a therapy dose to a 

patient 

o the instructions for nursing staff caring for patient 

undergoing treatment with I-131 

o the Information pamphlet for patients having I-131 

therapy for thyroid cancer, including preparation and 

precautions to observe after discharge  

Calculate the activity of I-131 to be administered in thyroid by 

using the data for the thyroid uptake (for the particular patient) 

and from available clinical data. 

 Radiation safety 

precautions for  

therapy using 

unsealed 

radionuclide 

sources 

 • Be familiar of the safety issues and precautions aspects 

for the patients, staff and public.  

• Be aware of the discharge criteria of patients and 

perform the necessary measurements.  

• Assess the risk and recommend precautions for staff, 

members of the public, carers and comforters.  
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Table 3.2.h - Clinical application 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Clinical application 

(TCS No. 50 Sub-modules 

10.1, 10.3, 10.4, 10.6)  
 

Duration: 

1 week 

Protocols for 

Routine Clinical 

Procedures 

The effect of technical factors 

and acquisition protocol 

• Understand the technical factors which influence the 

acquisition, processing and display of the required 

clinical information 

• Observe different case studies (e.g. bone, lung, brain, 

gated blood pool, renal blood flow and function and 

post-therapy) 

 Common 

Artefacts in 

Clinical Images 

Image artefacts, their causes, 

and how to deal with them. 

Review a series of images (both clinical and QC) and discuss: 

• common artefacts in nuclear medicine images  

• possible causes of artefacts such as 

o Patient motion on SPECT studies.   

o Inappropriate collimator selection on image contrast. 

o Inappropriate energy window settings.  

o Collimator non-uniformity on SPECT reconstructed 

uniformity  

o Clinical artefacts  

• remedial action to correct the problem giving rise to the 

artefact 
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Table 3.2.i - Optimization 

MODULE SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY 

Optimization  

(TCS No. 50 Sub-modules 

4.4, 10.6) 

 

Duration: 

1 week 

 

Optimization of 

Procedures  

Understanding of the main 

factors that affect image 

quality and patient radiation 

dose.  

• Understand the concept of optimization in clinical 

practice  

• Discuss source material related to DRLs in nuclear 

medicine.  

• Compare administered activities with appropriate DRLs 

if available 

• Understand when it is appropriate to employ a dose 

reduction technique, such as the use of alternative 

investigations, increasing fluid intake, reducing dose and 

increasing scanning time, and use of thyroid blocking 
agents.  

• Be familiar with special considerations for children and 

young people.  

 

 Clinical audits Use of clinical audits as a tool 

to optimize the overall quality 

of processes and services 

• Acquire an understanding of the purpose and 

methodologies of a clinical audit. 

• Consult relevant audit documents and other sources to 

ascertain the acceptable standards for medical physics in 

a nuclear medicine department. 
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5. MEDICAL PHYSICS CLINICAL TRAINING PORTFOLIOS 

 

5.1. RADIOTHERAPY MEDICAL PHYSICS CLINICAL TRAINING 

PORTFOLIO 

The clinical training portfolio is based on the recommended regional clinical training 

programme.  For the components in which skills and competencies are directly measurable, the 

modules, sub-modules and activities from the programme are listed in Tables 4.1 - 4.8 and the 

details of the competencies particular to each activity have been included as a separate column. 

A column for supervisor comments and signoff is also linked to each competency. The modules 

are ordered according to the published programme of clinical training but do not necessarily 

reflect a logical or practical schedule of training. Individual training programmes need to be 

adapted to the routine clinical activities, departmental workflow and access to equipment at the 

host institute. The modules included in Tables 4.1 – 4.8 are: 

• External beam radiotherapy (EBRT) reference dosimetry including instrumentation 

and calibration 

• EBRT relative dosimetry (acceptance test procedures (ATP), commissioning and 

ongoing QC) 

• Imaging equipment  

• EBRT  

• Brachytherapy 

• Radiation protection and safety 

• Equipment specification and acquisition 

• Quality management 

The procedures listed to support the development of competencies were taken from the IAEA 

STI/PUB/1296 [13], the IAEA Basic Safety Standards [2], the IAEA Training Course Series 

Nos. 37, 47 and 50 [3,4,5] and the IAEA Technical Report Series Nos. 277, 398, 430 and 457 

[14-17]. 

The first module of the clinical training syllabus named Clinical environment in radiotherapy 

(TCS No. 37 Sub-modules 1.2, 1.4, 7.2) has not been listed separately as it requires the 

consolidation of all tasks and activities in order for the resident to fully understand the role and 

responsibilities of the medical physicist in the inter-disciplinary team. A CQMP must have the 

ability to be fully conversant with peers and other health care professionals when discussing 

details of patient care. Such competence will be developed subtly with regular exposure to 

inter-disciplinary meetings and participation in quality assurance meetings in which the clinical 

aspects of patient management are discussed and reviewed.  

It should also be noted that the required competencies and behavioural skills to be attained in 

the 10th module of the clinical training syllabus (Professional ethics (TCS No. 37 Sub-modules 

7.1, 8.1)) are based on national guidelines, regulations and codes of conduct related to the 

clinical and research environments dealing with human subjects. These can vary widely 

between countries and the competencies associated with this module need to be adapted 
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accordingly. Although there are several international guidelines that determine professional 

and research ethics, these are often interpreted and applied differently and therefore 

harmonized regional guidelines to develop these behavioural skills are not possible. 

Supervisors will need to inform residents of all ethical principles that are applied to medical 

physics practice in the host institute in which the training takes place.  

The Radiation protection and safety, Quality management and Professional ethics modules 

have significant overlap with medical physics clinical training programmes in radiology [4] 

and nuclear medicine [5]. The radiation safety aspects of therapeutic procedures using unsealed 
131I or other sources are listed as an activity as this is often the responsibility of the radiotherapy 

CQMP, especially in low and middle income countries. 

It is highly desirable that medical physics residents maintain a logbook of their clinical training 

experience. This document can be used to develop a portfolio according to the clinical training 

programme required by their national responsible authority and agreed to by their supervisor(s).  

Where there is a lack of clear policy guiding the evaluation of clinical training and subsequent 

recognition of CQMPs, it is highly recommended that Member States: 

• adapt these clinical training guidelines for radiotherapy medical physicists 

according to their national needs and  

• endorse the submission of a portfolio, such as that shown in Tables 4.1 – 4.8, as 

evidence of having achieved the competencies that are required for independent 

practice as a CQMP. 

 

5.1.1 Necessary testing equipment for radiotherapy QA/QC 

• Waterproof field ionization chamber of Farmer type, of 0.6 cm3 volume 

approximately, 20+ m long extension cable calibrated at a standards laboratory. 

A 60Co buildup cap should be supplied. 

• Waterproof reference ionization chamber of Farmer type, of 0.6 cm3 volume 

approximately, with a 20+ m long cable, calibrated at a standards laboratory in 

terms of absorbed dose to water and air kerma as appropriate. A 60Co buildup 

cap should be supplied.  

• A cylindrical ionization chamber, of 0.1–0.3 cm3 volume approximately, with a 

20+ m long cable (maximum electrode diameter: 1 mm) for relative dosimetry 

measurements 

• At least one radioactive source for checking the stability of the 0.6 cc cylindrical 

ionization chamber 

• Waterproof plane-parallel ionization chamber for absolute and relative 

dosimetry of the electron beams (minimum width of guard ring: 4 mm)  

• Electrometer(s) compatible with the chambers above. An electrometer with 

varying voltage bias (V1/V2 ratio equal to or greater than 3), and the possibility 

to reverse the polarity is recommended. 
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• A water phantom for calibration and checks, of minimum volume 25 × 25 × 20 

cm3 with PMMA walls, including a holder for the reference 0.6 cc ionization 

chamber. 

• A low energy X ray parallel plate ionization chamber (if applicable) and slab 

phantom. The ionization chamber should be calibrated in terms of air kerma at 

the appropriate beam quality.  

• Al and Cu filters for half value layer (HVL) measurements 

• A solid water-equivalent phantom for film verification of field size and 

coincidence of radiation and light field. This could also be used also for output 

verification, with holes for the ion chambers and other detectors. 

• A barometer (minimum scale 1 mbar or hPa, or 0.5 mmHg), preferably of 

aneroid type or digital, calibrated or compared at a standards laboratory 

• A thermometer (minimum scale: 0.25°C), calibrated or compared at a standards 

laboratory 

• A well type ionization chamber or an isotope calibrator with source holding 

inserts, calibrated at a standards laboratory for the clinical sources available 

• A long lived reference source for checking the stability of the well chamber 

• Brachytherapy source position check for HDR 

• Access to a CIRS phantom (national tool) 

• At least a 2D automated radiation field analyser to measure isodose distributions 

in water (50 × 50 × 40 cm3 volume approximately), including a phantom trolley 

with vertical movement and a water pump 

• A densitometer to measure the optical density (OD) of X ray films, with an 

automatic reader and coordinate system. An OD calibration film strip for 

checking of the instrument OD scale. Note that this requires having access to 

film processing or a CR system or an automated film dosimetry system.  

• Diodes or TLD system for in-vivo dosimetry 

• An array of diodes or ion chambers for daily quality assurance checks 

• Metal/plastic buildup caps appropriate for the high energy LINAC photon 

beams. 

• A precision water level 

• Callipers and a metal ruler  

• A diagnostic X ray QC kit (radiography/fluoroscopy) including dosimetry 

equipment 

• CTDI dosimetry set 

• Access to a CT electron density phantom at national level 

• A calibrated survey meter 
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TABLE 4.1: Portfolio for the module: EBRT reference dosimetry including instrumentation and calibration. 

The suggested duration for this module is 5 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Kilovoltage therapy Instrument quality control 

(QC), calibration and cross 

calibration of field dosimetry 

systems 

 

 

 

 

 

Selection criteria for type of ionization chamber 

Demonstrate a familiarity with QA recommendations for 

radiation dosimetry equipment such as: 

o electrometer 

o thermometer 

o barometer 

o phantom 

Check the traceability to a PSDL for a calibration factor used 

for absolute dose determination 

Demonstrate a familiarity with the method to express 

uncertainties in dose measurement 

 

Beam quality Perform measurement and establish the HVL for a low and 

medium energy X ray beam according to an International Code 

of Practice 

 

Output calibration Influence effects on the measured quantity (air density, 

recombination, polarity, warm-up, stem effects, leakage, 

humidity) 

Timer effect. 

Application of an International Code of Practice, e.g. TRS-277 

[14] and TRS-398 [15]. 

 

60Co teletherapy Instrument QC, calibration 

and cross calibration of field 

dosimetry systems 

Selection criteria for type of ionization chamber 

Demonstrate a familiarity with QA recommendations for 

radiation dosimetry equipment such as: 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

o electrometer 

o thermometer 

o barometer 

o phantom 

Check the traceability to a Primary Standards Dosimetry 

Laboratory (PSDL) for a calibration factor used for absolute 

dose determination 

Demonstrate a familiarity with the method to express 

uncertainties in dose measurement 

Perform cross calibrations of reference and field dosimetry 

systems 

Reference field mechanical 

QC 

Isocenter 

Localizing lasers 

Optical distance indicator (ODI)  

Coincidence of light and radiation fields 

Field size indicator (collimator setting) 

Gantry and collimator angle indicator 

Cross-hair centring 

Jaw symmetry 

 

Reference dose calibration Influence effects on the measured quantity (air density, 

recombination, polarity, warm-up, stem effects, leakage, 

humidity) 

Application of an International Code of Practice, e.g. TRS-398 

[15]. 

 

Other calibration methods Awareness of other Codes of Practice 

Other setups (SSD/SAD) 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Constancy – source position, 

timer, transit time 

Develop, document  and perform QC for constancy checks 

based on institutional guidelines and international 

recommendations 

 

MV photons (LINAC) Instrument QC, calibration 

and cross calibration of field 

dosimetry systems 

Selection criteria for type of ionization chamber 

Demonstrate a familiarity with QA recommendations for 

radiation dosimetry equipment such as: 

o electrometer 

o thermometer 

o barometer 

o phantom 

Check the traceability to a PSDL for a calibration factor used 

for absolute dose determination 

Demonstrate a familiarity with the method to express 

uncertainties in dose measurement 

 

Reference field mechanical 

QC 

Isocenter 

Localizing lasers 

Optical distance indicator (ODI)  

Coincidence of light and radiation fields 

Field size indicator (collimator setting) 

Gantry and collimator angle indicator 

Cross-hair centring 

Jaw symmetry 

 

Beam quality Selection criteria for type of ionization chamber 

Perform a relative ionisation measurement  

Determination of beam quality according to an International 

Code of Practice, e.g. TRS-398 [15]. 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Reference dose calibration Influence effects on the measured quantity (air density, 

recombination, polarity, warm-up, stem effects, leakage, 

humidity) 

Application of an International Code of Practice. 

Other setups (SSD/SAD) 

 

Constancy measurements Develop, document  and perform QC for constancy checks 

based on institutional guidelines and international 

recommendations 

 

MeV electrons 

(LINAC) 

Instrument QC, calibration 

and cross calibration  

Selection criteria for type of ionization chamber 

Demonstrate a familiarity with QA recommendations for 

radiation dosimetry equipment such as: 

o electrometer 

o thermometer 

o barometer 

o phantom 

Check the traceability to a PSDL for a calibration factor used 

for absolute dose determination 

Demonstrate a familiarity with the method to express 

uncertainties in dose measurement 

Perform cross calibration, e.g. TRS-398 [15]. 

 

Beam quality Selection criteria for type of ionization chamber 

Perform a measurement of relative depth ionization 

Conversion to depth dose 

Determination of beam quality according to an International 

Code of Practice 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Reference dose calibration Influence effects on the measured quantity (air density, 

recombination, polarity, warm-up, stem effects, leakage, 

humidity) 

Application of an International Code of Practice, e.g. TRS-398 

[15]. 

 

Constancy measurements Develop, document  and perform QC for constancy checks 

based on institutional guidelines and international 

recommendations 
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TABLE 4.2: Portfolio for the module: EBRT relative dosimetry (ATP, commissioning and on-going QC). 

The suggested duration for this module is 8 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Kilovoltage therapy Measurement of field size 

factors, BSF, PDD, ISL, etc. 

Measure and produce time chart including time calculation 

instructions for all applicators. 

Compare data against a beam library, e.g. British Journal of 

Radiology, Supplement No. 25 [6] 

 

Mechanical, dosimetry and 

safety checks 

Audiovisual monitors 

Interlocks and warnings 

Mechanical fixtures 

Filter interlocks 

Monitor/timer linearity 

Focal spot test 

 

60Co teletherapy Safety, emergency procedures 

and mechanical 

Safety interlock 

Radiation room monitor 

Audiovisual monitors 

Emergency off switches 

Localizing lasers 

Optical distance indicator (ODI) 

Backpointer 

Coincidence of light and radiation fields 

Field size indicator (collimator setting) 

Gantry and collimator angle indicator 

Couch movements 

Cross-hair centring, Jaw symmetry 

Isocentre 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Latching of wedges and trays 

Source positioning 

Relative dosimetry 

measurements: TAR, BSF 

PDD 

Open and wedge field data 

Penumbra 

Equivalent square 

Output constancy traceable to SSDL 

Field size dependence of output constancy 

Transmission factor constancy for all standard accessories 

Wedge transmission factor constancy 

Timer linearity and error 

Output constancy versus gantry angle 

Beam uniformity versus gantry angle 

Off-axis point measurements with and without wedges 

Ability to measure and produce a treatment time chart (clinical 

tables) 

Compare data against a beam library, e.g. British Journal of 

Radiology, Supplement No. 25 [6] 

 

MV photons (LINAC) Safety 

Mechanical 

Safety interlock 

Radiation room monitor 

Audiovisual monitors 

Emergency off switches 

Localizing lasers 

Optical distance indicator (ODI) 

Backpointer 

Coincidence of light and radiation fields 

Field size indicator (collimator setting) 

Gantry and collimator angle indicator 

Couch movements 

Cross-hair centring 

Isocentre 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Latching of wedges and trays 

Jaw symmetry 

Relative 

dosimetry measurements: 

Scatter correction factors 

TMR 

PDD 

Penumbra 

Uniformity and symmetry 

Open field and wedge data 

Asymmetric collimation 

Demonstrate an understanding of the appropriate use of 

dosimeters for relative dose measurements 

Demonstrate an understanding of factors influencing a dose 

measurement under non-reference conditions 

Determine the following items in a water phantom: 

o Percentage depth dose 

o Beam profiles 

o TAR, TPR, TMR, etc.  

o Scatter factors (collimator scatter factor, phantom scatter 

factor)  

o Penumbra 

o Uniformity, symmetry and flatness 

o Open field and wedge data 

 

MeV electrons 

(LINAC) 

Safety 

Mechanical  

In addition to MV photon safety and mechanical checks: 

o Applicator interlock 

o Applicator position 

o Jaw position for each applicator & energy 

 

Relative 

dosimetry measurements: 

Applicator factors 

PDD 

Irregular fields 

Uniformity and symmetry 

Virtual source position 

Determine the following items in a water phantom: 

o Percentage depth ionization 

o Beam profiles 

o Applicator factors and cutout factors 

o Penumbra 

o Uniformity, symmetry and flatness 

Determine the Virtual source position for different electron 

energies and field sizes 

 



 

73 
 

TABLE 4.3: Portfolio for the module: Imaging equipment. 

The suggested duration for this module is 3 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Fluoroscopic simulator QC and dose (mechanical, 

safety, radiography, 

fluoroscopy) 

Safety interlock 

Radiation room monitor 

Audiovisual monitors (if applicable) 

Emergency off switches 

Localizing lasers 

ODI 

Field defining wires 

Gantry/collimator angle indicators 

Cross-hair centering 

Focal spot-axis indicator 

Fluoroscopic image quality 

Emergency/collision avoidance 

Coincidence of light and radiation fields 

Collimator rotation isocentre 

Gantry rotation isocentre 

Couch rotation isocentre 

Coincidence of collimator, gantry, couch axes 

and isocentre 

Table top sag with mass evenly distributed 

Vertical travel of couch 

Automatic exposure control (AEC); incident air kerma and 

entrance surface air kerma rate 

Table top exposure with fluoroscopy 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

kVp and mAs calibration 

High and low contrast resolutions 

C-arm QC and dose (mechanical, 

safety, radiography, 

fluoroscopy) 

Audiovisual monitors (if applicable) 

Emergency off switches 

Fluoroscopic image quality 

AEC calibration; incident air kerma and entrance surface air 

kerma rate, e.g. TRS-457 [17]. 

kVp and mAs calibration 

High and low contrast resolution 

 

Computed 

Tomography (CT) 

QC and CTDI, e.g. TRS-457 

[17]  

Audiovisual monitors (if applicable) 

Emergency off switches 

Uniformity, contrast, noise, & resolution 

CT slice thickness 

CT number accuracy, constancy, linearity and uniformity 

CTDI 

Couch movement and alignment 

Laser positioning 

Distance rendering (table feed) 

 

Site-specific and 

individualised imaging 

protocols for TP: 

Scan parameters, scan lengths 

w.r.t. volume definition, 

positioning, accessories, 

contrast agents, artefacts 

Ability to suggest imaging protocols based on the request for 

CT-based treatment planning incl.  patient 

geometry/orientation/positioning/breath-hold or other patient 

preparation (contrast), slice thickness/length/spacing, scan 

parameters, gantry tilt and volume definition 

Be able to distinguish typical image artefacts 

Check the RTP link between CT and TPS 

 

Film processor (if 

applicable) 

QC Measurement and assessment of the processor: 

Developer temperature 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Sensitometry, characteristic curves, contrast, base-plus-fog 

level 

Measurement of chemical replenishment rates 

Residual fixer (sodium thiosulphate) 

Artefact assessment 

Establish and maintain effective processor QC program 

Quality control charts, plotting, analysis, control limits 

Replenishment rates 

 

Darkroom  tests: 

Visual inspection for light leakage and safelight conditions 

Assessment of film fog for darkroom light leakage and 

safelight 

conditions 

 

Carry out performance testing on X ray film, X ray film 

cassettes and X ray film display devices 

Laser printer/imager 

(alternative to wet 

system, if applicable) 

QC Measurement and assessment of: 

° EI calibration 

° EI consistency 

° Latent Decay Time (CR only) 

° Linearity of dose and DDI 

° Erasure thoroughness (CR only) 

° Dark noise 

° Image uniformity 

° Limiting resolution and MTF 

° Noise and low contrast 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

° Scaling errors and spatial accuracy 

° Blurring 

° Moire effects 

° Plate throughput 

Familiarity with Image measurement tools: 

° contrast-detail phantom 

° QC phantom 
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TABLE 4.4: Portfolio for the module: EBRT. 

The suggested duration for this module is 12 weeks. An additional 4 weeks is recommended for the sub-module on 3D computerized 

treatment planning. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Positioning and 

Immobilization 

Observe methods of patient 

positioning and 

immobilization in order to 

facilitate optimal field 

arrangement and minimize 

setup uncertainty 

Demonstrate an understanding of the purpose of and observe: 

o Basic patient set-up and movement tracking systems 

o The manufacturing and use of immobilization devices 

o An immobilized patient from mould room to treatment 

machine 

o Imaging systems for patient positioning from simulation to 

treatment verification 

o Simulator to verify plans before treatment 

o Various methods of port film/EPID evaluation to assess 

patient positioning accuracy and precision 

o Lasers from real/virtual simulation to treatment 

o Verification of patient positioning with non-coplanar fields 

 

Beam modification and 

shaping devices 

Manufacture Demonstrate an understanding of the advantages of and 

observe the use of the following beam modifiers: 

° Beam shaping devices (blocks) 

° Wedge filters 

° Bolus 

° Compensators 

 

QC and verification Measure transmission factors 

Measure data for block cutter 

Check block shape with light and radiation fields 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Check wedge orientation insert 

Safety aspects Observe the Good Laboratory Practice (GLP) 

Conform to and understand mould room safety instructions 

 

Contours (manual or 

single slice) and hand-

planning 

Clinical examples Perform a Case study with hand-planning  

Techniques relying on 

a clinical mark-up, a 

direct setup and 2D 

simulation 

Develop technique, setup 

instruction and calculation of 

times 

Perform manually a treatment plan with different techniques  

Clinical examples Perform a Case study  

Establishing margins 

for PTV definition 

Clinical examples for different 

sites and techniques 

Application of the International Commission on Radiation 

Units and Measurements (ICRU) concepts in contouring: 

o Target volumes 

o Normal organs at risk 

o Treatment margins 

Contouring of target volumes and critical tissue structures of 

interest 

Collect and analyse data for case studies 

Determine CTV-PTV treatment margins needed for contouring 

the target volumes and organs at risk for a variety of treatment 

sites 

 

3D Computerized 

Treatment Planning 

System (TPS) 

equipment 

 

Acceptance 

Acquisition of beam data 

Commissioning – geometric, 

dosimetry and networking 

CT validation 

Demonstrate an understanding of: 

• The treatment planning process 

• The potential sources and magnitude of errors 

associated with: 

o Patient data 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

End to end testing 

Algorithms, e.g. TRS-430 [16] 

o Beam data 

o Manual and computer dosimetry calculation 

algorithms 

o Non dosimetric tests (rendering geometric 

parameters…) 

Treatment planning equipment: 

• The operation, functionality, performance specification 

and inventory items of a TP system 

• Merits and limitations of the range of dose calculation 

algorithms 

• The principles and design of a treatment planning QA 

programme 

Design the protocols of a QA programme for a treatment 

planning computer based on the recommendations as specified 

in IAEA Technical Report Series No. 430 [16] or an equivalent 

international recommendation as adopted by the department, 

including: 

• Acceptance testing against equipment specification, 

including: 

o Inventory check 

o Functionality test of hardware and software 

o Geometric and dosimetric accuracy 

o Network integration and data transfer 

• Commissioning for photon and electron beam planning, 

including: 

o Configuration of: 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

 Computer system 

 Patient demographic data 

 Security and backup system 

 Treatment machine 

 Beam data required, including transfer/input of 

measured beam data into computer system  

 Calculation parameters 

 Treatment plan report 

 Record and archival 

 Calibration 

 Display and output format 

• Verification against measurements and/or independent 

methods of: 

o Image registration and contouring tools 

o CT density 

o Beam data transferred from acquisition system 

o Beam models in standard and extreme 

conditions 

o Dosimetry calculations, including MU 

calculations 

o Treatment plans, including: 

 Dose 

 Dose distribution 

 DVH 

 Anatomical geometry 

 Beam geometry 

 Inhomogeneity correction 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

o Plan output and transfer 

• Quality control of: 

o TPS 

o Input and output devices 

o Backup system 

o Beam data 

o Patient and image data 

o Body and organ contouring 

o Dose calculation tools 

o Individual patient plan 

o Computer network 

• Identify and recommend:  

o QC test and measurement equipment required 

o Tolerance limits and action levels for each QC 

test 

• Develop and prepare worksheets for the tests and 

measurements 

Using the established protocols and worksheets, perform:  

• Acceptance testing 

• Commissioning 

• Quality control 

Report any deviations or functional abnormalities and propose 

corrective actions 

Review and update QA protocols and procedures on a regular 

basis 

Prepare:  



 

82 
 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

• Acceptance test report and recommendation 

• Commissioning report 

• QC report 

• Planning data manual 

3D TPS cases ICRU Volume definition and 

application of  QUANTEC [7] 

Dose plan modelling process 

DP evaluation and approval 

(DVH and prescription) 

DP verification 

Setup instruction  

Generate DRRs 

Shielding and accessories 

(+QC) 

Data transfer 

Perform, evaluate and verify several different cases using 3D 

CT-based treatment planning.  

Compare different techniques and field arrangements for a 

range of different disease sites (the disease sites that are typical 

of the sub-region must be included here). 

Prepare instructions for setting up a treatment plan based on 

reference marks and anatomical landmarks. 

Ability to present a treatment plan. 

Generate DRRs and check against verification and/or portal 

images. 

Manufacture and verify field accessories, e.g. shielding blocks, 

compensators, bolus, etc.  

Validate data transfer between systems.  

 

 

 

 

 

 

 

 

 

 

 

Treatment delivery In-vivo dosimetry (IVD) Review and improve/implement an in-vivo dosimetry 

programme in line with national and international best practice. 

Undertake a literature review on the advantages and 

disadvantages of an in-vivo dosimetry programme and choice 

of dosimeter. 

Demonstrate an understanding of advantages and disadvantages 

of different methods 

Perform calibration procedure (including the determination of 

correction factors)  

 



 

83 
 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Perform in-vivo dosimetry measurements (including writing a 

case study report) for such examples as: 

• lens of the eye 

• in field measurements for 

o orthovoltage X ray beams 

o megavoltage X ray beams 

o electron beams 

Portal imaging : calibrate, 

transfer images, compare and 

evaluate images, QC  

Demonstrate an understanding of the operation of the EPID 

Explain discrepancies between portal images, simulator 

verification images and DRRs 

Perform QC on the EPID.  

 

Recording and reporting Demonstrate the advantages of recording and reporting dose 

volumes according to international recommendations. 

Perform a case study 
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TABLE 4.5: Portfolio for the module: Brachytherapy. 

The suggested duration for this module is 4 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Low dose rate and/or 

high dose rate (HDR) 

brachytherapy 

ATP Demonstrate an understanding of the: 

• Concept and principles of a brachytherapy QA 

programme 

• Local legislative requirements and international 

recommendations on safety of brachytherapy and 

remote afterloading equipment 

• Properties and characteristics of the brachytherapy 

sources 

• Specification, quality standard and operation 

characteristics of: 

o Brachytherapy sources 

o Treatment applicators 

o Afterloading brachytherapy equipment, 

including LDR, HDR, PDR 

• Specification, functionality and dosimetry algorithm of 

brachytherapy treatment planning computer 

• Sources and magnitude of errors associated with: 

o Manual and afterloading brachytherapy 

o Brachytherapy treatment planning computer 

o Dosimetric data of radioactive sources 

• Methods and procedures for testing of: 

o Remote afterloading brachytherapy equipment 

o Brachytherapy source 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

o Treatment planning computer 

• Use of test and measurement equipment required for 

acceptance testing 

• Tolerance limits for each acceptance test 

• Develop and prepare test and measurement protocols 

and worksheets 

• Using established protocols and worksheets, perform 

acceptance testing of: 

o Brachytherapy source 

o Afterloading treatment equipment 

• Prepare and/or review acceptance test report and 

recommendations 

Commissioning Demonstrate an understanding of the: 

• Operation and characteristics of brachytherapy services 

and equipment 

• Performance assessment and testing of brachytherapy 

equipment and accessories 

• Methods and procedures for commissioning of: 

o Remote afterloading brachytherapy equipment 

o Brachytherapy source 

o Treatment planning computer 

• Use of test and measurement equipment required for 

commissioning procedures 

• Design methods, procedures and work programme for 

commissioning of a remote afterloader system and 

treatment planning system, including: 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

• Configuration of the: 

o Treatment planning computer system, including: 

 Patient demographic data 

 Security and backup system 

 Brachytherapy source data 

 Calculation parameters 

 Treatment plan report format 

 Record and archival 

 Export of treatment data 

o Remote afterloading treatment machine, 

including: 

 Treatment control 

 In-vivo dose monitoring system 

 Security and backup system 

 Import of treatment data 

 Treatment record 

• Verification against measurements and/or independent 

methods of: 

o Treatment planning computer system, including: 

 Image registration tools 

 Integrity of input devices, including 

the digitizer 

 Treatment planning, including: 

▪ Dose 

▪ Dose distribution 

▪ DVH 

▪ Source geometry 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

▪ Treatment time calculations 

▪ Correction for: 

° Decay 

° Attenuation 

 Treatment plan output and transfer 

o Afterloading treatment machine, including: 

 Integrity of: 

▪ Data transfer from treatment 

planning system 

▪ Source transfer through the 

applicators and catheters 

 Accuracy of: 

▪ Source positioning 

▪ Dwell time 

 Multichannel applicator indexing 

system 

 Treatment and safety features and 

interlock systems, including: 

▪ Applicator, catheters, and 

connectors 

▪ Treatment termination 

▪ Door 

▪ Radiation warning indication 

systems 

▪ Video monitoring system 

▪ Backup power system 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

▪ Automatic source retraction 

system 

Prepare test and measurement protocols and worksheets 

Perform commissioning of a: 

• Remote afterloading treatment system 

• Treatment planning computer system 

Establish baseline values for subsequent QC tests 

Prepare and/or review commissioning report and 

documentation 

Prepare/review operational procedures for treatment delivery 

QC Demonstrate an understanding of the: 

• Operation characteristics and functionalities of 

brachytherapy equipment and sources 

• Acceptance testing and commissioning of 

brachytherapy equipment and sources 

• Sources and magnitude of errors in brachytherapy 

• Methods and procedures for QC in brachytherapy 

• Equipment required for QC measures 

• Tolerance limits and action levels 

Design a series of QC measures for brachytherapy covering: 

• Quality control of:  

o Treatment planning system 
o Input and output devices 

o Patient and image data 

o Treatment dose and time calculation tools 

o Computer network 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

o Individual patient plan  

• Integrity of radiation sources and their applicators 

• Afterloading treatment system:  

o Safety and interlock 

o Power failure backup systems 

o Integrity of: 

 Treatment applicators 

 Connectors 

 Multichannel indexing system 

 Source transfer 

o Source position and dwell time accuracy 

o Dose monitoring system 

o Data transfer 

• Treatment delivery, monitoring of:  

o Applicators/source position 

o Critical organ dose 

Develop and prepare QC test and measurement protocols and 

worksheets 

Perform QC on a: 

• Remote afterloading treatment system 

• Brachytherapy treatment planning system 

• Brachytherapy source 

• Brachytherapy treatment 

• Dosimetry equipment 

Prepare and/or review QC reports and documentation 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Source calibration and 

exchange  

Demonstrate an understanding of the: 

• Dosimetry properties of brachytherapy sources 

• Dosimetry protocols for calibration of 

brachytherapy sources, including the procedures and 

recommendations  

• Properties and functionalities of the calibration 

equipment 

• Uncertainties involved in determination of source 

strength by measurement and calculation methods 

Design calibration worksheet 

Calibrate the strength of a variety of brachytherapy sources 

using: 

• Well-type ionization chamber 

• Thimble ionization chamber 

Compare source strength as given in vendor certificate with 

measurement. 

• Demonstrate an understanding of remedial action if 

exceeds tolerance level. 

Prepare: 

• Source data for treatment planning 

• Calibration report 

 

Image, applicator and source 
data for treatment planning 

Demonstrate an understanding of the methods and procedures 
for: 

• Localization and reconstruction of brachytherapy 

sources 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

• Acquisition of the relevant patient anatomical 

information and source (using dummy sources) 

geometry for treatment planning using: 

o Radiotherapy treatment simulator 

o Mobile C-arm X ray unit 

o CT scanner 

o MRI 

o Ultrasound scanner 

• Measurement of dose and dose distribution of 

sources 

Supervise/advice on the acquisition of patient image/data for 

treatment planning using X-ray, CT, and/or ultrasound for: 

• Fractionated or permanent interstitial implant 

treatment for a variety of sites. 

Perform for a variety of treatment sites: 

• Transfer of image data to the treatment planning 

system 

• Reconstruction of source geometry at the treatment 

planning computer from: 

o Orthogonal or stereo-shift X ray film via 

digitizer 

o CT, MR and/or ultrasound images 

• Image registration using treatment planning system 

• Contouring of treatment volume and critical 

structures of interest 

Prescriptions Demonstrate an understanding of the ICRU Reports  
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Treatment planning Perform manual dose calculations in brachytherapy using a 

treatment planning computer to generate an acceptable 

treatment plan: interstitial, intracavitary, intraluminal, surface 

mould… 

Perform QC of individual treatment plans 

 

Source preparation Apply the Good Laboratory Practice (GLP) 

Demonstrate an understanding of: 

• Operation of a radiation source inventory and 

custody system 

• System of work in a sealed source preparation room 

• Principles and design of treatment applicators 

• Procedures for safe handling and preparation of 

brachytherapy sources 

• Source loading configurations for a variety of 

treatment protocols 

 

Safety of sources Stock, acquire, transport, 

waste management 

Demonstrate an understanding of the management of radiation 

sources, including: 

• Acquisition 

• Custody 

• Disposal 

• Handling of records and documentation 

 

Emergency procedures Demonstrate an understanding of the international guidelines   

HDR Optimization methods Perform dose/plan optimization based on a combination of: 

• Dose prescription/specification 

• Source configuration/distribution 

• Dwell time 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Intraluminal techniques Perform a Case study  

Brachytherapy cases  Perform Case studies  

Treatment delivery IVD Calibrate, interpret result  

Recording and reporting Demonstrate an understanding of the recording and reporting of 

dose according to international guidelines and reports. 

 

Ophthalmic applicators 

(planar and concave) 

QC Good Laboratory Practice in the handling and safe-keeping of 

ophthalmic beta-sources. 

Constancy in output, uniformity. 
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TABLE 4.6: Portfolio for the module: Radiation protection and safety. 

The suggested duration for this module is 4 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Design of a facility Hypothetical exercise : 

Integration of siting, 

surrounding structures, 

infrastructure assessment, 

expansion needs, workflow 

and efficiency 

Demonstrate an understanding of the: 

• Local legislative requirements on radiation safety 

and protection 

• International standards and recommendations 

• Nature of source and equipment to be installed 

• Nature and types of the treatment services to be 

provided 

• Source strengths to be used 

• Projected patient load 

• Room layout requirements taking into consideration 

the requirements for sterility, patient flow, work 

flow, ergonomics and supply logistics 

Perform radiation risk assessment on the facility 

 

Shielding calculations 

for all radiation 

bunkers 

Use layouts to calculate the 

effective dose rates to the 

public and the  staff around 

and in the facility 

Determine the: 

• Radiation shielding requirements taking into 

consideration: 

o Room layout 

o Types of treatments to be performed 

o Projected patient load 

o Types and activities of the sources 

o Occupancy factors 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

• Appropriate shielding materials for: 

o Door/entrance 

o Walls 

o Ceiling 

o Floor 

• Required thickness for the shielding structures 

• Radiation warning signs and signals 

• Ancillary and accessory safety equipment, 

including: 

o Radiation monitoring and alarm system 

o Door interlock 

o Closed circuit television 

• Safety interlock system 

Calculate the radiation dose levels for: 

• Areas of interest 

• Staff 

• Other personnel 

Prepare reports and documentation 

Verifying shielding 

calculations using survey 

instruments 

Conduct radiation survey and monitoring 

Assess results, draw conclusion on the safe integrity of the 

treatment room and recommend course of action 

Prepare reports and documentation 

 

Special procedures Fetal dose calculations Understand methods to minimize dose to the fetus. 

Perform a Case study 

 

Pacemakers, etc. Understand methods to minimize dose to pacemakers 

Perform a Case study 
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

131I therapy or other 

therapeutic procedures using 

unsealed sources (if 

applicable)  

Patient preparation and pre-treatment activities: 

• Determine whether the treatment can be given as an 

inpatient or outpatient, where the dose should be 

administered and assess which ward/s are suitable for 

admission of patients for each type of treatment 

available 

• Ensure correct radiopharmaceutical and activity is 

ordered for the specific patient 

• Arrange for appropriate equipment, survey instruments, 

personal protection and dosimeters to be provided for 

the purpose of treatment 

Treatment procedures: 

• Pre-treatment management 

• Protocols and procedures 

• Form of radionuclide to be administered to patient for 

therapy 

• Patient dose preparation and administration 

• Dose calculation of the appropriate radionuclide to be 

administered to the patient for therapy 

• Prepare a check-list of the whole procedure 

Discharge: 

• Safety of family members following discharge 

• Determination of the time frame when the patient can 

return to work or move in public environment 
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98 
 

 

TABLE 4.7: Portfolio for the module: Equipment specification and acquisition. 

The suggested duration for this module is 3 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Department needs 

assessment 

Workload 

Functionality 

Compatibility 

Siting 

Demonstrate an understanding on process involved in 

equipment requisition and acquisition 

Review and report on department needs on: 

• Patient load 

• Equipment technology 

• Functionality 

• Performance 

• Compatibility 

• Training 

• Maintenance service 

• Building and building services 

• Delivery and installation 

Analyse local and external restrictions placed on new 

equipment acquisition. 

Compile and compare local legislative requirements and 

international recommendations on safety of equipment. 

Participate in multidisciplinary meetings with professionals and 

technical staff to decide on the department’s requirements for 

new equipment. 

 

Technology 

assessment 

Technical specifications : 

Dosimetry 

Perform:  
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SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Imaging 

Treatment units 

Treatment Planning 

Information Technology and  

networking 

• Market research on equipment technology 

• Technology assessment 

• Review of procurement documentation 

 

National tender and 

procurement process 

Prepare/perform in collaboration with other professionals and 

technical staff: 

• Tender specification 

• Tender evaluation 

• Tender recommendation. 
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TABLE 4.8: Portfolio for the module: Quality management. 

The suggested duration for this module is 4 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, 

SIGNATURE 

AND DATE OF 

SUPERVISOR 

Performing and 

documenting QC 

Dosimetry instrumentation, 

equipment, calibration of 

sources, abiding by well-

established good practices 

(e.g. procedures developed 

according to International 

Codes of Practice), developing 

internal redundancy systems, 

clinical aspects 

Review the department documentation on quality management 

and write reports 

 

Auditing Internal (peer review) Conduct and report an internal audit  

External Demonstrate an understanding of comprehensive auditing 

principles, e.g. QUATRO [12].  

Participate in a national or international dosimetry audit 

 

Risk management 

culture 

Risk assessments Demonstrate an understanding of the risk assessments 

according to WHO guidelines 

 

Investigating incidents and 

near accidents 

Use local institutional incident reporting database and records 

to develop an understanding of how to investigate and prevent 

incidents and near accidents. 
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5.2. IMAGING MEDICAL PHYSICS PORTFOLIO 

 

For the components in which skills and competencies are directly measurable, the modules, 

sub-modules and activities from the programme are listed in the Table 5 (for diagnostic 

radiology) and Table 6 (for nuclear medicine), the details of the competencies particular to 

each activity have been included as a separate column. A column for supervisor comments and 

signoff is also linked to each competency. The modules are ordered according to the 

programme of clinical training but do not necessarily reflect a logical or practical schedule of 

training. Individual training programmes need to be adapted to the routine clinical activities, 

departmental workflow and access to equipment at the host institute.  

 

The procedures listed to support the development of competencies were taken from the IAEA 

Training Course Series No. 47 [4] and IAEA Training Course Series No. 50 [5] and the IAEA 

Basic Safety Standards [2]. 

 

For the first module of the clinical training syllabus, named Clinical awareness (TCS No. 50 

Sub-modules 1.3 and TCS No. 47 Sub-modules 1.1-1.3), the duration assigned is the entire 

clinical training program. This is because this module requires the consolidation of all tasks 

and activities in order for the resident to fully understand the role and responsibilities of the 

medical physicist in the inter-disciplinary team. A clinically qualified medical physicist must 

have the ability to be fully conversant with peers and other health care professionals when 

discussing details of patient care. Such competence will be developed subtly with regular 

exposure to inter-disciplinary meetings and participation in quality assurance meetings in 

which the clinical aspects of patient management are discussed and reviewed.  

 

It should also be noted that the required competencies and behavioural skills to be attained in 

the last module of the clinical training syllabus (Professional awareness TCS No. 50 Sub-

modules 4.1 and TCS No. 47 Sub-modules 4.1) are based on national guidelines, regulations 

and codes of conduct related to the clinical and research environments dealing with human 

subjects. These can vary widely between countries and the competencies associated with this 

module need to be adapted accordingly. Although there are several international guidelines that 

determine professional and research ethics, these are often interpreted and applied differently 

and therefore harmonized regional guidelines to develop these behavioural skills are not 

possible. Supervisors will need to inform residents of all ethical principles that are applied to 

medical physics practice in the host institute in which the training takes place.  

 

The Radiation protection and safety, Technology Management modules might have significant 

overlap with medical physics clinical training programmes in radiotherapy, radiology and 

nuclear medicine.  

 

It is highly desirable that medical physics residents maintain a logbook of their clinical training 

experience. This document can be used to develop a portfolio according to the clinical training 

programme required by their national responsible authority and agreed to by their supervisor(s).  

 

Where there is a lack of clear policy guiding the evaluation of clinical training and subsequent 

recognition of CQMPs, it is highly recommended that Member States: 

• Adapt these clinical training guidelines for imaging medical physicists according to 

their national needs and  
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• Endorse the submission of a portfolio, such as that shown in Tables 5.1 – 5.8 (for 

diagnostic radiology) and Tables 6.1 – 6.9 (for nuclear medicine), as evidence of 

having achieved the competencies that are required for independent practice as a 

CQMP 

 

5.2.1. CLINICAL TRAINING PORTFOLIO FOR DIAGNOSTIC AND 

INTERVENTIONAL RADIOLOGY MEDICAL PHYSICS 

5.2.1.1 Necessary testing equipment for diagnostic/interventional radiology QA/QC 

 

Dose and radiographic parameters measurements: 

• Digital multimeter for kV, exposure time and air kerma measurements with ionisation 

chambers (general radiography, mammography and CT chambers). For dose 

measurements in radiography, fluoroscopy and mammography semiconductor 

detectors can replace ionisation chambers (all detectors should have valid calibration 

certificates for all modalities) 

• KAP meter (transparent transmission ionisation chamber and electrometer) 

• Thermometer and barometer (if ionisation chambers are used)  

• Set of aluminium filters for HVL measurements 

• Solid phantom (PMMA, 1, 2 and 5 cm slabs 30x30 cm2; 30 cm of total thickness) 

• CT dosimetry phantoms (16 and 32 cm in diameter) 

• Mammography dosimetry phantom (0.5 and 1 cm PMMA slabs; 7 cm of total 

thickness) 

 

Image quality measurements: 

• Image quality test phantoms to assess spatial and low contrast resolution (optionally 

contrast-detail test) for:  

o General radiography  

o Fluoroscopy  

o Mammography 

o Computed tomography 

o Ultrasonography 

 

Test objects for geometric tests: 

• X-ray and light beam alignment  

• Perpendicularity of x-ray beam axes and imaging detector 

• Radio-opaque ruler 

• Digital test phantoms (AAPM TG18 and SMPTE) for monitors and laser printers test 

 

For film-screen and digital printers tests: 

• Sensitometer 

• Densitometer and (optional) automatic densitometer 

• Digital thermometer  
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For viewing box, reporting monitors and ambient light tests: 

•  Photometer with luminance and illuminance (ambient) probes 

 

Others:  

• Ruler 

• Lead sheets 

• Breast compression force check 

• Lead aprons 

• Tools to positioning radiation detectors 

• Paper or electronic forms to collect QC and measurements results 
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TABLE 5.1 - Portfolio for the module: Clinical awareness 

The suggested duration for this module is the entire programme. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Patient 

related 

experience 

Understanding patient 

workflow in a 

diagnostic radiology 

department and the role 

of multidisciplinary 

professionals involved 

in diagnostic radiology. 

Exposure to the following patient-related clinical experiences:  

• General radiology including digital or plain film radiography, 

mammography and fluoroscopy  

• Sectional imaging; including CT and MRI  

• Ultrasound  

• Dental imaging  

During this time, the resident should:  

• Understand the patient work flow for a range of typical 

diagnostic procedures including ambulatory and non-ambulatory 

patients  

• Attend reporting sessions with different Radiologists over a 

number of weeks covering all modalities  

• Attend at least two clinical review meetings covering each of a 

number of organ systems (case review)  

• Demonstrate an understanding of the purpose of the typical 

procedures.  

• Note the reasons for the patient’s admission and their conditions  

• Study local and national regulations on confidentiality and 

handling of patient information 
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TABLE 5.2 - Portfolio for the module: Performance testing of imaging equipment 

The suggested duration for this module is 15 weeks. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Screen-film 

systems 

Measurement and 

assessment of system 

performance, periodic 

QC of screen film 

systems 

Measurement and assessment of screen films:  

• Characteristic curves, and associated metrics  

• Screen-film contact  

• Visual inspection of cassettes, identification of artefacts, light 

tightness  

• Screen batch-to-batch consistency (acceptance testing)  

• Film batch-to-batch emulsion variability  

Assessment of viewing conditions 

• View box luminance and room illuminance 

 

Film 

processing and 

darkroom 

Measurement and 

assessment of system 

performance, periodic 

QC of processor and 

dark room 

Measurement and assessment of processor: 

• Developer temperature 

• Sensitometry, characteristic curves, contrast, base-plus-fog level 

• Measurement of chemical replenishment rates 

• Residual fixer (sodium thiosulphate) 

• Artefact assessment 

Measurement and assessment of Darkroom: 

• Darkroom light leakage and safelight conditions 

 

General 

radiography 

Measurement and 

assessment of system 

performance, periodic 

QC of general 

radiography 

installations and 

equipment 

Measurement and assessment of:  

• X ray / light beam alignment:  

o Accuracy of light beam and collimator alignment  

• Basic x ray beam parameters:  

o Radiation leakage  

o Tube voltage accuracy  

o Timer accuracy  

o Radiation output linearity  

o Output reproducibility  
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o Beam quality. (Half Value Layer)  

• Image quality parameters:  

o Grid artefacts  

o Bucky motion  

• Image Quality:  

o Limiting resolution  

o Contrast detail detectability 

• Automatic exposure control: 

o Film density across kV range for each screen film 

combination type for different phantom thicknesses 

o Consistency between chambers 

o AEC Repeatability 

o AEC Reproducibility 

Conventional 

and digital 

fluoroscopy 

Measurement and 

assessment of system 

performance, periodic 

QC of simple 

fluoroscopic systems 

• Measurement and assessment of simple fluoroscopic systems 

(typically not used for angiography or any form of automatic 

serial imaging) with one image receptor size and manual and/or 

simple automatic exposure control:  

o Operation of equipment  

o Fluoroscopic collimation  

o Fluoroscopic tube voltage accuracy  

o Beam quality. (Half Value Layer)  

o Fluoroscopic screening timer  

o Radiation leakage  

o Congruency of X ray beam and displayed image  

o Image receptor input dose rate  

o Typical and maximum skin input dose rate and characteristics 

of automatic brightness control (ABC)  

o Image Quality:  

▪ Limiting resolution  

▪ Contrast detail delectability  

 

 Measurement and 

assessment of system 

performance, periodic 

Complex fluoroscopic systems (used for angiography and/or serial 

imaging) including multiple image receptor field sizes, possibly more 
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QC of complex 

fluoroscopic / 

angiographic systems 

than one X ray tube and multiple semi-automatic or automatic 

exposure protocols:  

• Operation of equipment 

• Relevant tests of simple fluoroscopic systems (above) 

• Dose and image quality tests for all relevant clinical exposure  

protocols  

• Image quality testing of digital image: 

o Noise  

o Contrast to noise ratio 

Computed 

radiography 

and digital 

radiography 

Measurement and 

assessment of system 

performance, periodic 

QC for computed and 

digital radiography 

systems 

Measurement and assessment of:  

• EI calibration  

• EI consistency  

• Latent Decay Time (CR only)  

• Linearity of dose and DDI  

• Erasure thoroughness (CR only)  

• Dark noise  

• Image uniformity  

• Limiting resolution  

• Noise and low contrast  
• Scaling errors and spatial accuracy  

• Blurring  

• Plate throughput 

 

Mammography Measurement and 

assessment of system 

performance,  periodic 

QC of conventional 

(screen film) systems 

For Screen-film mammography systems, measurement and assessment 

of:  

• Operation of equipment  

• Inspection of screen-film system, processing  

• Inspection of viewing conditions  

• Reject analysis  

• Basic x ray beam parameters:  

o Radiation leakage  

o Tube voltage accuracy  

o Timer accuracy  

o Radiation output linearity  
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o Output reproducibility  

o Beam quality (Half Value Layer) of all available beams 

• Breast compression:  

o Compression force  

o Alignment of compression paddle  

• Antiscatter grid:  

o Artefacts and motion  

• Image Quality:  

o Limiting resolution  

o Contrast detail detectability 

• Automatic exposure control: 

o Film density across kV range for different phantom 

thicknesses 

o AEC Repeatability 

o AEC Reproducibility 

 Measurement and 

assessment of system 

performance,  periodic 

QC of digital systems 

For digital systems, measurement and assessment of:  

• Operation of equipment  

• All tests for conventional systems (above)  

• Relevant tests for digital detectors (above)  

• Specific tests for the performance of AEC of digital systems 

o SNR (CNR) and dose measurement for different phantom 

thicknesses 
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Computed 

tomography 

Measurement and 

assessment of system 

performance, periodic 

QC of axial systems 

• Operation of equipment  

• Setting scan parameters and image display parameters  

• Visual inspection and programme review  

• Perform the following measurement and assessment QC tests:  

o CT alignment lights  

o Scan projection radiography accuracy  

o CTDI and radiation dose indicators accuracy 

o CT number accuracy and linearity with electron density 

(especially for RT systems) 

o Image noise, uniformity & artefacts  

o High and low contrast resolution  

o Image slice thickness  

o Radiation slice thickness  

o Table feed accuracy 

o Gantry tilt angle 

o Image display and printing  

 

 Measurement and 

assessment of system 

performance, periodic 

QC of helical systems 

and MDCT 

• Operation of equipment  

• Relevant tests of simple fluoroscopic systems (above) 

• Relevant tests for axial systems (above) modified to determine 

conditions in helical and/or MDCT mode   

• Assessment of:  

o Automatic current modulation performance  
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Ultrasound Measurement and 

assessment of system 

performance, periodic 

QC of ultrasound 

systems 

• Operation of equipment  

• Setting scan parameters and image display parameters  

• Quality control tests in gray-scale imaging mode  

• System sensitivity  

• Image uniformity  

• Depth of penetration  

• Vertical and horizontal distance accuracy  

• Axial resolution  

• Lateral resolution  

• Low contrast object detectability  

• Ring-down (Dead zone)  

• Photography and other hard copy recording 

 

Dental 

radiography 

Measurement and 

assessment of system 

performance, periodic 

QC  

Measurement and assessment of the following (as applicable for 

intraoral and panoramic equipment):  

• X ray beam:  

o Measurement of field size 

• Basic x ray beam parameters:  

o Radiation leakage  

o Tube voltage accuracy  

o Timer accuracy  

o Radiation output linearity  

o Output reproducibility  

o Beam quality. (Half Value Layer)  

• Image Quality:  

o Spatial resolution  

 

Display and 

printing 

devices and 

viewing 

conditions 

Measurement and 

assessment of system 

performance, periodic 

QC of display and 

printing devices. 

Evaluation of viewing 

conditions. 

Measure and assess the performance of display devices  

• Measure the luminance and illuminance  

• Calibration and measurement of luminance response (GSDF)  

Measure and assess the performance of display and printing devices 

• Use of test patterns (SMPTE, TG18)  
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TABLE 5.3 - Portfolio for the module: Radiation protection and safety. 

The suggested duration for this module is 4 weeks. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Design of a 

facility 

International and local 

standards, safety 

review, surrounding 

structures, dose and risk 

assessment, expansion 

needs, workflow and 

efficiency 

Demonstrate an understanding of the: 

• Local legislative requirements on radiation safety and protection 

• International standards and recommendations 

• Nature of source and equipment to be installed 

• Nature and types of the diagnostic clinical services to be provided 

• Radiation risk assessments  

• Radiation protection records of:  

o Personal dosimetry.   

o Environmental dose surveys  

o Equipment Quality Assurance programmes  

o Workload and shielding review  

o Checks of personal protective equipment 

 

 Calculation of shielding 

barriers 

• Carry out workload assessment  

• Determine occupancy of surroundings 

• Assess the effect on shielding options of equipment location and 

orientation 

• Calculate protective barriers for Plain Film Radiography, 

Mammography, Fluoroscopy, Computed Tomography 

• Specify the location and operation of warning signs (if 

appropriate) 

 

 Verifying shielding 

calculations using 

survey instruments 

• Conduct radiation survey and monitoring 

• Assess the effectiveness of shielding 
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Radiation 

hazard 

assessment 

Hazard assessment of 

facilities and 

radiological procedures 

 

• Identify potential hazards from the work 

• Identify all the persons who may be exposed and how they might 

be exposed 

• Evaluate each potential hazard and decide whether the proposed 

or existing precautions are adequate, taking into account elements 

such as: 

o Type of x ray equipment and clinical procedure 

o Estimates of dose rates to which persons may be exposed 

o Results of personal dosimetry for similar activities 

o Planned or existing Local Rules or Systems of Work 

 

Personnel 

dosimetry 

 

Methods for measuring 

personal dose 

• Discuss the relative merits of different dose monitors for use in a 

radiology department. 

• Identify the correct type of personal dosimeter to issue to differing 

staff groups (including pregnant women) and for different 

imaging modalities 

• Determine calculation methods to be used for staff dosimetry 

when measurements are not available or are not applicable 

 

 Operational use of 

personal dosimeters 

• Be able to interpret the dose results  

• Decide on the applicable investigation levels for individual results 

• Investigate cases of unusual or unexpected dose readings 

 

Unintended 

and 

accidental 

exposure in 

diagnostic 

radiology 

Respond to an 

unintended or 

accidental exposure 

occurring in a radiology 

department affecting 

staff, patients or 

members of the public. 

• Discuss scenarios of possible unintended or accidental exposures 

in diagnostic and interventional radiology focusing on the 

following: 

o Procedural and regulatory issues 

o Circumstances of the unintended or accidental exposure 

o Individuals involved in the unintended or accidental exposure 

o Dose assessment 

o Recommendations to minimise the possibility of future 

unintended or accidental exposures. 
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TABLE 5.4 - Portfolio for the module: Dosimetry, instrumentation and calibration. 

The suggested duration for this module is 1 week. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Ionising 

radiation 

dosimetry 

and  

principles of 

measurement 

Dose measurements and 

uncertainties in clinical 

practice 

Demonstrate an understanding on the: 

• Selection and correct use of equipment 

• Calibration and correction factors for dose measurements, 

including uncertainties, of the following:  

o Direct radiographic exposure  

o KAP measurement  

o CT dose indicator measurements  

o Scatter from patient  

o Dose rates, high dose fluoroscopy patient entrance and exit 

dose rates  

• Perform cross calibration of dosimeters in clinical practice 

• Discuss the importance of traceable calibrations on dosimetric 

equipment including:  

o Calibration traceability and frequency  

o Use of cross check documentation 
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TABLE 5.5 - Portfolio for the module: Patient dose audit. 

The suggested duration for this module is 2 weeks. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Dose 

Assessment 

Dosimetric principles 

Concept of diagnostic 

reference levels. 

Patient dose surveys 

 

Measure or calculate the following dose indices (including an 

assessment of the uncertainty), depending on the modality. 
 

1) For General Radiography & Fluoroscopy:  

• Ki or Ke for each patient or phantom as appropriate. Measure or 

estimate backscatter factors  

• Kerma Area Product  

Organ or Effective Dose from kerma and PKA (KAP) data (using 

published tables or software tools)  

2) For Mammography:  

• Ki 

• Mean/Average Glandular Dose  

3) For Computed Tomography:  

• C100,air, Cw(CTDI100,air, CTDIw)  

• CVOL and PKL(CTDIvol and DLP)  

• Organ and effective doses  

4) For dental radiology:  

• Ki for intra-oral radiography  

• PKL and PKA for panoramic radiography  
 

 

Patient Dose  

Audit 

Dosimetry of adult and  

paediatric patients, 

• Discuss or review the methodology of patient dose audits for the 

establishment typical doses and reference levels. 

• Compare the typical patient doses with established DRLs. 

• Discuss required investigation and correction measures.  
  

 

Foetal dose 

estimation 

Foetal dosimetry • Estimate foetal dose for case of irradiation of a pregnant patient 

for the following procedures: general radiography, fluoroscopy, 

interventional radiology and CT.  
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TABLE 5.6 - Portfolio for the module: Image quality assessment. 

The suggested duration for this module is 1 week. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Assessment 

of image 

quality with 

phantoms 

Image quality phantoms 

and methodologies 

useful to assess image 

quality in various 

diagnostic radiology 

modalities 

For all major modalities, demonstrate an understanding on the: 

• Selection of a suitable phantom  

• Image quality evaluation of appropriate quantities – for example:  

o Evaluate resolution and MTF 

o Measure, quantitatively, image noise, e.g., image noise as a 

function of dose for CT  

o Measure contrast and contrast related indices (e.g. CNR)  

o Measure low contrast characteristics including low contrast 

resolution patterns, mesh resolution patterns, and contrast 

detail curves  

• Analyse results and compare with reference documents.  

 

Assessment 

of image 

quality of 

clinical 

patient 

images 

Subjective methods for 

image quality evaluation 

from clinical images. 

• In conjunction with a radiologist familiarize with the 

methodologies to evaluate image quality of a procedure using 

subjective quality criteria  
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TABLE 5.7 - Portfolio for the module: Technology management in diagnostic radiology. 

The suggested duration for this module is 1 week. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Tender and 

procurement 

process  

The ability to prepare 

the specifications and 

acquire suitable 

equipment through a 

tendering process  
 

 

 

• Roles and responsibilities of the procurement team  

• Perform: 

o Market research on equipment technology 

o Technology assessment 

o Review of procurement documentation 

• Prepare/perform within a multidisciplinary team (either in a real 

case or in a hypothetical scenario): 

o Tender specification 

o Tender evaluation 

o Tender recommendation   

 

Quality 

management of 

systems in 

radiology 

To develop an 

understanding of the 

principal requirements 

and elements for a 

quality management 

system in diagnostic 

radiology. 

• Discuss key elements of a quality management system: 

o Document control 

o Documentation of quality policy 

o Documentation of quality procedures (quality manual) 

• Analyze the patient work flow 

• Design the structure of a quality manual and apply it to a 

representative selection of items 

 

 

Acceptance 

Testing / 

Commissioning 

Understanding of the 

concept and principles 

of acceptance and 

commissioning of 

equipment. 

• Understanding of the concept and principles of acceptance and 

commissioning of equipment. 

• Discuss and familiarize with the procedures of acceptance 

testing and commissioning 

• Review available documentation  
 

 

Routine testing 

/ Quality 

control 

Understanding of the 

methods for the clinical 

implementation and 

• Roles and responsibilities 

• Testing frequency  

• Limits of acceptability 
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supervision of a quality 

control programme 

• Setting action levels 

• Importance of record keeping 

• Regulatory requirements  

• Discuss the QC program for different types of equipment. 

(Detailed training on quality control tests should be under the 

module of Performance testing of imaging equipment) 

Imaging 

informatics 

Skills to practice basic 

imaging informatics in 

digital imaging 

environments. 

Image basics: 

• Read and manipulate images 

• Explore pre and post-processing tools 

• Explore different reconstruction algorithms  

• Read and manipulate images from a range of modalities.  

• Review the DICOM header for a range of imaging modalities 

Standards and Protocols: 

• Review basic standards and protocols 
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TABLE 5.8 - Portfolio for the module: Optimization of clinical procedures. 

The suggested duration for this module is 2 weeks. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Optimization 

of Procedures  

Understanding of the 

main factors that affect 

image quality and 

patient radiation dose.  

• Understand the concept of optimization in clinical practice  

• Discuss source material related to DRLs in diagnostic and 

interventional radiology.  

• Review of current status of a procedure: 

o Compare examination dose and technical factors with appropriate 

DRLs if available. 

o Discuss possibilities of optimization of the procedure with regard 

to 

▪ Radiographic protocol 

▪ Equipment configuration 

▪ Image reading conditions 

 

Clinical 

audits 

Use of clinical audits as 

a tool to optimize the 

overall quality of 

processes and services 

• Acquire an understanding of the purpose and methodologies of 

clinical audit. 

• Consult relevant audit documents and other sources to ascertain the 

acceptable standards for medical physics in a radiology department. 
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5.2.2. CLINICAL TRAINING PORTFOLIO FOR NUCLEAR MEDICINE MEDICAL 

PHYSICS 

5.2.2.1 Necessary testing equipment for nuclear medicine QA/QC 

 

Performance Test Phantoms and Tools: 

• 57Co flood source or refillable flood phantom  

• Spatial-resolution and Linearity Phantoms.  

o Quadrant Bar Phantom.   

• Jaszczak Phantom 

• Any vendor specific Centre of Rotation phantom (if needed) 

• Disposables: Petri dish, capillary tubes 

• If SPECT/CT is available, phantoms for 

o CT Calibration 

o SPECT-CT image coregistration 

 

Radioactive Testing Sources: 

• Reference/calibration sources for well counter constancy and accuracy 

• Two reference/calibration sources for dose calibrator constancy and accuracy (preferably 
57Co and one long lived isotope, e.g. 137Cs or 133Ba) 

• Sufficient supply of 99mTc generators 
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TABLE 5.9 - Portfolio for the module: Clinical awareness. 

The suggested duration for this module is the entire programme. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Clinical 

activities and 

factors that 

affect patient 

care 

Understanding of the 

role of multidisciplinary 

professionals involved 

in or requesting nuclear 

medicine services 

Exposure to the following patient-related clinical experiences:  

• Nuclear medicine imaging procedures  

• Preparation and administration of radiopharmaceutical  

• Radionuclide therapy  

During this time, the resident should:  

• Understand the patient work flow for a nuclear medicine procedure  

• Attend preparation of radiopharmaceuticals  

• Attend reporting sessions in nuclear medicine over a number of 

weeks covering related modalities  

• Attend at least two clinical review meetings covering each of a 

number of organ systems (case review)  

• Attend some common diagnostic nuclear medicine procedures.  

• Demonstrate an understanding of the purpose of the typical 

procedures.  

• Note the reasons for the patient’s admission and their conditions  

• Attend administration of radionuclide for therapy  

• Prepare a patient case study for a complex procedure such as a 

cardiac procedure  

Study local and national regulations on confidentiality and handling of 

patient information.  
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TABLE 5.10 - Portfolio for the module: Radiation protection and safety. 

The duration for this module is 9 weeks. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Design of a 

facility 

International and local 

standards, safety 

review, surrounding 

structures, dose and 

risk assessment, 

expansion needs, 

workflow and 

efficiency 

Demonstrate an understanding of the: 

• Local legislative requirements and rules on  

o radiation safety and protection  

o management of radioactive sources 

o radioactive waste management 

o patient discharge after therapy 

• International standards and recommendations 

• Nature of source and equipment to be installed 

• Nature and types of the diagnostic clinical services to be provided 

• Radiation risk assessments  

• Radiation protection records of:  

o Personal dosimetry  

o Environmental dose surveys  

o Equipment Quality Assurance programmes  

o Workload and shielding review  

o Checks of personal protective equipment 

 

 

 The designation of 

areas associated with 

protection from 

unsealed radioactive 

material 

Demonstrate an understanding on the: 

• Grading of areas 

• Construction requirements, including  

o Layout 

o Surface finishes  

o Ventilation system 

o Waste management systems  

o Security of access and stores  
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o Local shielding  

 Calculation of shielding 

barriers 

• Carry out workload assessment – taking into account both 

examination technique, patient numbers, isotopes  

• Determine occupancy of surroundings of a room  

• Perform the shielding calculation and assumptions for the SPECT 

and SPECT/CT imaging rooms, hot labs (wall barriers and 

protective equipment), waiting/injection rooms  

• Specify the location of warning signs (if appropriate) 

 

 

 Verifying shielding 

calculations using 

survey instruments 

• Conduct radiation survey and monitoring 

• Assess the effectiveness of shielding 

 

Exposure 

from unsealed 

sources and 

the Risk of 

Contamination 

Handle unsealed 

radioactive sources, 

designation of areas of 

the workplace 

• Understand the workflow of the Department from a radiation 

safety point of view. This should include:  

o receipt, storage and disposal of radioactive material  

o preparation and dispensing of radiopharmaceuticals  

o patient injection or administration procedures  

o patient movements before and after injection  

o patient scanning procedures  

• Conduct a radiation survey of the various areas in the Department 

(hot lab, patient waiting areas, scanning rooms etc.), making dose 

rate and contamination measurements  

 

 

Radiation 

hazard 

assessment 

Hazard assessment of 

facilities and 

radiological procedures 

 

• Identify potential hazards from the work 

• Identify all the persons who may be exposed and how they might 

be exposed 

• Evaluate each potential hazard and decide whether the proposed 

or existing precautions are adequate,  
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Personnel 

dosimetry 

 

Methods for measuring 

personal dose 

• Discuss the relative merits of different monitors for use in a 

nuclear medicine department 

• Identify the correct type of personal dosimeter to issue to 

differing staff groups (including pregnant women) 

• Discuss calculation methods to be used for staff dosimetry when 

measurements are not available or in case of internal 

contamination 

 

 

 Operational use of 

personal dosimeters 

• Be able to interpret the dose results  

• Decide on the applicable investigation levels for individual 

results 

• Investigate cases of unusual or unexpected dose readings 

 

 

Unintended 

and accidental 

exposure in 

nuclear 

medicine 

Respond to an 

unintended or 

accidental exposure 

occurring in nuclear 

medicine affecting 

staff, patients or 

members of the public. 

• Discuss scenario of possible unintended or accidental exposures 

in nuclear medicine focusing on the following: 

o Procedural and regulatory issues 

o Circumstances of the unintended or accidental exposure 

o Individuals involved in the unintended or accidental exposure 

o Dose assessment 

o Recommendations to minimise the possibility of future 

unintended or accidental exposures 
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TABLE 5.11 - Portfolio for the module: Technology management in nuclear medicine. 

The suggested duration for this module is 1 week. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Tender and 

procurement 

process  

The ability to  prepare 

the specifications and 

acquire suitable 

equipment through a 

tendering process  
 

 

 

• Roles and responsibilities of the procurement team  

• Perform: 

o Market research on equipment technology 

o Technology assessment 

o Review of procurement documentation 

• Prepare/perform within a multidisciplinary team  (either in a real 

case or in a hypothetical scenario) 

o Tender specification 

o Tender evaluation 

o Tender recommendation 

 

Quality 

management of 

systems in 

nuclear 

medicine 

To develop an 

understanding of the 

principal requirements 

and elements for a 

quality management 

system in nuclear 

medicine. 

• Discuss key elements of a quality management system: 

o Document control 

o Documentation of quality policy 

o Documentation of quality procedures (quality manual) 

• Analyse the patient work flow 

• Design the structure of a quality manual and apply it to a 

representative selection of items 

 

 

Acceptance 

Testing / 

Commissioning 

Understanding of the 

concept and principles 

of acceptance and 

commissioning of 

equipment. 

• Understanding of the concept and principles of acceptance and 

commissioning of equipment. 

• Discuss and familiarize with the procedures of acceptance testing 

and commissioning 

• Review available documentation  
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Routine testing 

/ Quality 

control 

Understanding of the 

methods for the clinical 

implementation and 

supervision of a quality 

control programme 

• Roles and responsibilities 

• Testing frequency  

• Limits of acceptability 

• Setting action levels 

• Importance of record keeping 

• Regulatory requirements  

• Discuss the QC program for different types of equipment. 

(Detailed training on quality control tests should be under the 

module of Performance testing of imaging equipment) 

 

 

Imaging 

informatics 

Skills to practice basic 

imaging informatics in 

digital imaging 

environments. 

Image Basics: 

• Read and manipulate images from a range of modalities.  

• Review the DICOM header for a range of imaging modalities 

Standards and Protocols: 

• Review basic standards and protocols 
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TABLE 5.12 - Portfolio for the module: Radioactivity measurements and internal dosimetry. 

The suggested duration for this module is 3 weeks. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Use of 

Traceable 

Standards for  

Radioactivity 

Measurements 

Skills to be able to 

perform and understand 

quality assurance 

principles for 

radioactivity 

measurement in nuclear 

medicine. 

• Review calibration certificates of sealed standards and perform 

decay corrections to reference activity. 

• Perform cross-calibrations with instruments available in the 

clinic, e.g. gamma-well counters, gamma probes, solid-state 

detectors. Discuss the uncertainties in each measurement.  

 

 

Formalism 

and 

Application of 

Internal 

Dosimetry 

Biokinetics analysis 

MIRD formalism 

Absorbed dose and 

effective dose 

estimation 

 

• Review existing formalism (e.g. MIRD) for internal dosimetry. 

• Estimate organ and effective dose in a specific scenario. 

• Estimate absorbed dose to foetus in a specific scenario and 

prepare a report. 

 

 

Quantitative 

Nuclear 

Medicine 

Imaging 

Activity quantification 

calibration and 

evaluation  

The effect of 

acquisition parameters 

 

• Image analysis 

• Patient, physical and technical factors affecting accurate activity 

quantification: anatomic, physiological, time dependent, 

instrumentation and image processing factors.  

• Methods of scatter and attenuation correction. 

• Estimation of activity from planar and SPECT images. 

• Effects of acquisition parameters (e.g. time per projection, matrix 

size, number of projections on the activity calibration factor). 
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TABLE 5.13 - Portfolio for the module: Performance testing of nuclear medicine equipment. 

The suggested duration for this module is 8 weeks. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE 

AND SIGNATURE OF 

SUPERVISOR 

Dose calibrator Measurement and 

assessment of system 

performance, periodic 

QC of dose calibrators 

Perform the following tests: 

• Physical inspection 

• High voltage check 

• Background and zero check 

• Constancy (long term drift) check 

• Linearity of activity response 

• Precision and accuracy 

• Geometry dependence 

 

 

Gamma probe and 

well counter 

Measurement and 

assessment of system 

performance, periodic 

QC of gamma probes 

and well counters 

Perform the following tests: 

• Physical inspection 

• Function of Scaler-timer/Rate meter  

• Energy Calibration  

• Energy Resolution  

• Sensitivity  

• Counting Precision (Chi squared test)  

• Linearity of Energy Response  

• Integral Background Count Rate  

• Linearity of Activity Response  

• Preset Analyser Settings  

 

 

Planar gamma 

camera  

Measurement and 

assessment of system 

performance, periodic 

Perform the following tests: 

• Physical inspection 

• Detector shielding 

• Energy peaking 
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QC of planar gamma 

cameras 

• Energy resolution 

• Intrinsic and system uniformity 

• Pixel size 

• System planar spatial resolution 

• System sensitivity 

• Whole Body spatial resolution 

• Count rate performance 

• Computer timing in dynamic acquisition  
 

Perform basic gamma camera calibrations (e.g. peaking, PMT tuning, 

uniformity correction tables) 

  

SPECT gamma 

camera 

Measurement and 

assessment of system 

performance, periodic 

QC of SPECT gamma 

cameras 

Perform the following tests: 

• Centre of Rotation 

• Tomographic uniformity 

• Tomographic resolution in air 

• Total performance (e.g. Jasczcak phantom) 

• Absolute size of pixel 

• Slice thickness 

 

If SPECT/CT is available, perform the additional Performance Tests 

suggested by the vendor for the CT component  

 

 

Display and 

printing devices 

and viewing 

conditions 

Measurement and 

assessment of system 

performance, periodic 

QC of display and 

printing devices. 

Evaluation of viewing 

conditions. 

Measure and assess the performance of display devices  

• Measure the luminance and illuminance  

• Calibration and measurement of luminance response (GSDF)  

Measure and assess the performance of display and printing  devices 

• Use of test patterns (SMPTE, TG18) 
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TABLE 5.14 - Portfolio for the module: Preparation and quality control of radiopharmaceuticals. 

The suggested duration for this module is 1 week. 

SUB-MODULE ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Preparation of 

radiopharmaceuticals 

 

Radiopharmaceutical 

preparations protocol  

Be aware of the procedures for the preparation of 

radiopharmaceuticals including : 

• Radionuclide generator 

• Laboratory technique 

• Preparation of radiopharmaceuticals  

 

 

Quality control of 

the 

radiopharmaceuticals 

Quality Control tests  

Physical 

characteristics ,  

Radionuclide purity,  

Radiochemical purity, 

Chemical purity 

Be aware of the major quality control of radiopharmaceuticals  

Review the documentation and results of quality control 

procedures  

Observe the major radiopharmaceutical quality control. 

Perform the following quality control of radiopharmaceuticals  

• Chemical purity 

• Molybdenum break through  
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TABLE 5.15 - Portfolio for the module: Radionuclide therapy using unsealed sources. 

The suggested duration for this module is 2 weeks. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Treatment 

Procedure 

The purpose, principles 

and operational 

procedures of 

radionuclide therapy 

• Be familiar with the different therapeutic radiopharmaceuticals  

• Make a list of radionuclide therapies routinely performed in your 

department.  

• Be familiar with: 

o the protocol for nuclear medicine staff to unpack, dispense, 

label and administer a therapy dose to a patient 

o the instructions for nursing staff caring for patient undergoing 

treatment with 131I 

o the information pamphlet for patients having 131I therapy for 

thyroid cancer, including preparation and precautions to 

observe after discharge  

Calculate the activity of 131I to be administered in thyroid by using the 

data for the thyroid uptake (for the particular patient) and from 

available clinical data. 

 

Radiation 

safety 

precautions 

for therapy 

using 

unsealed 

radionuclide 

sources 

 • Be familiar with the safety issues and precautions aspects for the 

patients, staff and public.  

• Be aware of the discharge criteria of patients and perform the 

necessary measurements.  

• Assess the risk and recommend precautions for staff, members of 

the public, carers and comforters.  
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TABLE 5.16 - Portfolio for the module: Clinical application. 

The suggested duration for this module is 1 week. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Protocols for 

Routine 

Clinical 

Procedures 

The effect of technical 

factors and acquisition 

protocol 

• Understand the technical factors which influence the acquisition, 

processing and display of the required clinical information 

• Observe different case studies (e.g. bone, lung, brain, gated blood 

pool, renal blood flow and function and post-therapy) 

 

Common 

Artefacts in 

Clinical 

Images 

Image artefacts, their 

causes and how to deal 

with them 

Review a series of images (both clinical and QC) and discuss: 

• common artefacts in nuclear medicine images  

• possible causes of artefacts such as 

o Patient motion on SPECT studies   

o Inappropriate collimator selection on image contrast 

o Inappropriate energy window settings 

o Collimator non-uniformity on SPECT reconstructed 

uniformity  

o Clinical artefacts  

• remedial action to correct the problem giving rise to the artefact 
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TABLE 5.17 - Portfolio for the module: Optimisation. 

The suggested duration for this module is 1 week. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Optimisation 

of Procedures  

Understanding of the 

main factors that affect 

image quality and 

patient radiation dose.  

• Understand the concept of optimisation in clinical practice  

• Discuss source material related to DRLs in nuclear medicine.  

• Compare administered activities with appropriate DRLs if 

available 

• Understand when it is appropriate to employ a dose reduction 

technique, such as the use of alternative investigations, increasing 

fluid intake, reducing dose and increasing scanning time, and use 

of thyroid blocking agents.  

• Be familiar with special considerations for children and young 

people.  

 

 

Clinical 

audits 

Use of clinical audits as 

a tool to optimise the 

overall quality of 

processes and services 

• Acquire an understanding of the purpose and methodologies of 

clinical audit. 

•  Consult relevant audit documents and other sources to ascertain 

the acceptable standards for medical physics in a nuclear 

medicine department. 
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ABBREVIATIONS 

 

AAPM  American Association of Physicists in Medicine 

ABC  Automatic brightness control 

AEC  Automatic exposure control 

ATP  Acceptance test procedure 

BSF  Backscatter factor 

CNR  Contrast-to-noise ratio 

CQMP  Clinically qualified medical physicist 

CoP  Codes of practice 

CPD  Continuing professional development 

CR  Computed radiography 

CT  Computed tomography 

CTDI  Computed tomography dose index 

DDI  Detector dose indicator 

DICOM Digital Imaging and Communications in Medicine 

DRL  Diagnostic reference level 

DRR  Digitally-reconstructed radiograph 

DVH  Dose-volume histogram 

DXA  Dual-energy X-ray absorptiometry 

EBRT  External beam radiation therapy 

EI  Exposure index 

ESTRO European Society for Radiotherapy and Oncology 

FAMPO Federation of African Medical Physics Orgamizations 

GLP  Good Laboratory Practice 

GSDF  Grayscale Standard Display Function 

HDR  High dose rate 
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HVL  Half value layer 

IAEA  International Atomic Energy Agency  

ICRU  International Commission on Radiation Units and Measurements 

IVD  In-vivo dosimetry 

KAP  Kerma area product 

LDR  Low dose rate 

LINAC Linear accelerator 

MDCT  Multiple detector computed tomography 

MIRD  Medical internal radiation dose 

MRI  Magnetic resonance imaging 

MTF  Modulation transfer function 

PDD  Percentage depth dose 

PET  Positron emission tomography 

PMT  Photomultiplier tube 

PSDL  Primary Standards Dosimetry Laboratory 

PTV  Planning target volume 

SMPTE Society of Motion Picture and Television Engineers 

SNR  Signal to noise ratio 

SPECT Single photon emission computed tomography 

QA  Quality assurance 

QC  Quality control 

TAR  Tissue-air ratio 

TLD  Thermoluminescence dosimetry 

TMR  Tissue-maximum ratio 

TPS  Treatment planning system 

WHO  World Health Organization 

WMA  World Medical Association 
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