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FOREWORD 

 

This document is a guide for imaging (Nuclear Medicine and Diagnostic/Interventional 

Radiology) 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 clinical training guidelines and the template portfolio is following the preliminary work 

done in Radiation Oncology (RAF6/044): 

• A regional clinical training programme for  radiotherapy medical physics  (RAF 

6/044 Report of a Task Force Meeting) (2013). 

• Template portfolio for the regional clinical training programme in radiotherapy 

medical physics (RAF 6/044 Report of a Task Force Meeting) (2013) 

 

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. Clinical training complements the 

education of medical physicists who have completed a postgraduate academic programme. 

The regional postgraduate medical physics syllabus for academic programmes was also 

published in 2013: 

• A regional  postgraduate medical physics syllabus for  academic programmes (RAF 

6/044 and RAF 6/038 Report of a Task Force Meeting) (2013). 

This document is also based on terminology and recommendations from the IAEA Technical 

Course Series No. 47 [1] and 50 [2] and Human Health Series No. 25 [3]. Member States are 

encouraged to adapt the IAEA guidelines to national conditions and needs when establishing 

programmes. A task force meeting was convened in Vienna under the regional African 

Nuclear Medicine Medical Physics project (RAF6/038) in February 2014 in order to develop 

a template portfolio that could be used to document competencies and monitor progress 

throughout a structured clinical training programme in Nuclear Medicine and 

Diangostic/Interventional Radiology medical physics. International and regional experts 

participated in this meeting.  

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. Certain competancies in 

radiotherapy are also significant as the imaging medical physicist may be requested to 

support the imaging equipment utilized also for radiotherapy.  

 

 

 

 

 

 

  



 

TABLE OF CONTENTS 

 

1. INTRODUCTION ......................................................................................................... 4 

 

2. COMPETENCY-BASED TRAINING .......................................................................... 6 

2.1. THE NEED FOR DEVELOPING CLINICAL COMPETENCIES.............................. 6 

2.2. SUPERVISORY ASPECTS ....................................................................................... 7 

2.3. RESIDENT LEARNING AGREEMENT ................................................................... 8 

2.4. INFRASTUCTURES AND FACILITIES................................................................... 9 

2.4.1 Diagnostic/interventional radiology ...................................................................... 9 

2.4.2 Nuclear Medicine ................................................................................................. 9 

 

3. CLINICAL TRAINING PROGRAMME .................................................................... 10 

3.1 DIAGNOSTIC/INTERVENTIONAL RADIOLOGY ................................................ 10 

3.2 NUCLEAR MEDICINE ............................................................................................ 10 

 

4. IMAGING MEDICAL PHYSICS PORTFOLIO ......................................................... 40 

 

REFERENCES ................................................................................................................... 73 

 

LIST OF CONTRIBUTORS TO DRAFTING AND REVIEW ........................................... 74 

 



 

4 

 

1. INTRODUCTION 

 

Successful completion of a postgraduate academic programme [4] in medical physics leads to 

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

physicist (CQMP) [2]. 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. 

The component circled in red is of reference to this document.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Clinically Qualified Medical Physicist [3]. 

 

In Africa, in order to expedite affordable capacity building for clinical medical physics in the 

region and to promote the establishment of national programmes, clinical training for 6 

months in nuclear medicine medical physics or 6 months in radiology medical physics is 

currently recommended. However, 1 year clinical training, providing competence in both 

nuclear medicine and radiology is highly desirable to promote the role of medical physics in 

imaging. The relevant radiation protection aspects are to be included in the clinical training, 

thus providing the Medical Physicist with the competencies required to undertake radiation 

protection responsibilities.  
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In general clinical training programmes do not result in the award of a qualification as they 

focus on experiential aspects, also known as “on-the-job-training”. On completion of an 

academic programme in medical physics, a student is equipped with the knowledge of 

medical physics as an applied science in medicine. In order to develop the ability to apply 

medical physics concepts to the technical, physical, ethical and safety aspects of medical 

imaging, skills and competencies need to be acquired through interaction with an established 

clinical environment. Clinical training therefore needs to be conducted under the direct 

supervision of clinically qualified medical physicists. Residents have access to patients and 

their records, but they are not qualified to take any direct responsibility for decision-making 

related to patient management and care.  

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 recommended programme only, which could be supplemented by national or regional 

cooperative efforts, in order to develop the comprehensive set of competencies. All 

programmes, including those leading to partial fulfilment, should be accredited and 

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

national responsible authority. Often this recognition process requires documentary proof and 

confirmation that competencies have been acquired and assessed by an appropriate authority.  

Residents should be encouraged to compile and maintain a personal logbook, which is a 

record of their training experience. A portfolio, which is a formal record of the systematic 

development of competencies as they are attained by the resident, should be developed.  In 

principle the portfolio itself is evidence of having undergone a clinical training programme. It 

can also serve as a baseline reference for self-study and lifelong learning.   

Competency is not achieved by following checklists or a set of instructions to routinely 

perform a specific task.  Professional competency requires that the resident is continuously 

engaged in the contribution of medical physics professionals to comprehensive, ethical, safe 

and effective patient management in medical imaging according to international guidelines, 

recommendations, standards and protocols. Ideally continuous evaluation mechanisms should 

be developed to monitor the resident’s progress during the programme and these can include 

presentation skills, practical demonstrations, documented case studies and appropriate 

responses to case scenarios. A formal, independent assessment of the resident should take 

place at least at the end of the training programme.  
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2. COMPETENCY-BASED TRAINING 

 

The IAEA Interim Basic Safety Standards [5] 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 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”.  

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.  

 

2.1. THE NEED FOR DEVELOPING CLINICAL COMPETENCIES 

According to the IAEA Human Health Series No. 25 [3], the principal roles and 

responsibilities of a CQMP working in medical imaging can be summarized in the first 

instance, according to those that are common to CQMPs working in other disciplines, 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, specific roles and 

responsibilities are related to the practice of medical physics in medical imaging: 

• 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 internal dosimetry) 

• Optimization of the physical aspects of diagnostic and therapeutic procedures 

• Quality management of the physical and technical aspects of medical imaging, such 

as: 

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 
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� 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.    

 

2.2. SUPERVISORY ASPECTS 

 

It was 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. 
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2.3. 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 [3]. 

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 

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 organizational 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. 
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2.4. INFRASTUCTURE 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 medical imaging [5]. The patient workload of the facility should 

be such to allow to the resident sufficient exposure to all common practices. 

2.4.1 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 APPENDIX I); 

• 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. 

  

2.4.2 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 APPENDIX II); 

• 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 

• PET or PET/CT; 

• DXA unit. 
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3. CLINICAL TRAINING PROGRAMME 

 

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.  

 

 

3.1 DIAGNOSTIC/INTERVENTIONAL RADIOLOGY 

The programme has duration of 6 months and 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 / INTEVERNIONAL 

RADIOLOGY 

Module 
Suggested 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 - 

 

3.2 NUCLEAR MEDICINE 

The programme has duration of 6 months and the main modules are loosely ordered 

according to a logical schedule of training and are: 

 

TABLE 3.2. TRAINING MODULES ON NUCLEAR MEDICINE 

Module 
Suggested 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 - 

 

 

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

[1] and 50 [2] are given and therefore additional information on the programme structure, 
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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 (Interim Edition) [5] 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 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 ongoing continuing professional development (CPD) as a qualified health 

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

 

Suggested 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) 

 

Suggested 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  

o Bucky motion  
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• Image Quality:  

o Limiting resolution  

o Contrast detail delectability 

• 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 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 

• Relevant tests from 1 (above) extended to cover relevant  

conditions  
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• 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 

• Breast compression:  
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o Compression force  

o Alignment of compression paddle  

• Antiscatter grid:  

o Artefacts and motion  

• Image Quality:  

o Limiting resolution  

o Contrast detail delectability 

• 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 QC tests:  

• Measurement and assessment of:  

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 Imaged 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 from 1 (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 

Interim Edition 

Requirement 40) 

 

Suggested 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 

• Evaluate each potential hazard and decide whether the 

proposed or existing precautions are adequate, taking into 

account elements such as: 
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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). 

 

Suggested 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). 
 

Suggested 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) 

 

Suggested 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, quantitatively, image noise, e.g., images 

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) 

 

Suggested 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 

• Regulatory requirements  

• Discuss the QC program for different types of equipment. 
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(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  

• Review the DICOM header 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 

 

 

  



 

26 

 

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) 

 

Suggested 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) 

 

Suggested 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 radiopharmaceutical  

• Radionuclide therapy  

During this time, the resident should:  

• Understand the patient work flow for a nuclear medicine 

procedure  

• Attend preparation of radiopharmaceutical  

• 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) 

 

Suggested 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 on 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  

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  
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• 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) 

• Discuss calculation methods to be used for staff 

dosimetry when measurements are not available or in 
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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) 

 

Suggested 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 

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) 

• 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 

• Regulatory requirements  
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• 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) 

 

Suggested duration: 

3 week 

 

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 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) 

 

Suggested 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 

• Whole Body spatial resolution 
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• 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) 
 

Suggested 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) 
 

Suggested duration: 

2 week 

 

Treatment 

Procedure 

The purpose, principles and 

operational procedures of  

the 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 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 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, 

member 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)  
 

Suggested 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) 

 

Suggested 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 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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4. 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 corresponding tables of 

Appedix 3 (for diagnostic radiology) and 4 (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 and 50 [1, 2] and the IAEA Interim Basic Safety Standards 

[5]. 

 

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 [1] and nuclear medicine [2].  

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  

• endorse the submission of a portfolio, such as that shown in Tables 3.1 – 3.8, as 

evidence of having achieved the competencies that are required for independent 

practice as a CQMP.  
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APPENDIX I. 

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 cm
2
; 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: 

o X-ray and light beam alignment  

o Perpendicularity of x-ray beam axes and imaging detector 

o Radio-opaque ruler 

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

printers test 

 

For film-screen and digital printers tests: 

o Sensitometer 

o Densitometer and (optional) automatic densitometer 

o Digital thermometer  

 

For viewing box, reporting monitors and ambient light tests: 

o  Photometer with luminance and illuminance (ambient) probes 

 

Others:  
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o Ruler 

o Lead sheets 

o Breast compression force check 

o Lead aprons 

o Tools to positioning radiation detectors 

o Paper or electronic forms to collect qc and measurements results 
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APPENDIX II. 

Necessary testing equipment for nuclear medicine QA/QC 

 
Performance Test Phantoms and Tools: 

o 
57

Co flood source or refillable flood phantom  

o Spatial-resolution and Linearity Phantoms.  

• Quadrant Bar Phantom.   

o Jaszczak Phantom 

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

o Disposables: Petri dish, capillary tubes 

o If SPECT/CT is available, phantoms for 

• CT Calibration 

• SPECT-CT image coregistration 

 

Radioactive Testing Sources: 

o Reference/calibration sources for well counter constancy and accuracy 

o 2 reference/calibration sources for dose calibrator constancy and accuracy (preferably 
57

Co and one long lived isotope, e.g. 
137

Cs or 
133

Ba) 

o Sufficient supply of 
99m

Tc generators 
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APPENDIX III 

CLINICAL TRAINING PORTFOLIO FOR DIAGNOSTIC AND INTERVENTIONAL RADIOLOGY MEDICAL PHYSICS 

 

TABLE A.III.a - PORTFOLIO FOR THE MODULE: Clinical awareness (TCS No. 47 Sub-modules 1.3) FROM THE REGIONAL CLINICAL 

TRAINING PROGRAMME FOR DIAGNOSTIC AND INTERVENTIONAL RADIOLOGY MEDICAL PHYSICS RESIDENTS. 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 A.III.b - PORTFOLIO FOR THE MODULE: 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) FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR DIAGNOSTIC AND 

INTERVENTIONAL RADIOLOGY MEDICAL PHYSICS RESIDENTS. 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  
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o Radiation output linearity  

o Output reproducibility  

o Beam quality. (Half Value Layer)  

• Image quality parameters:  

o Grid artefacts  

o Bucky motion  

• Image Quality:  

o Limiting resolution  

o Contrast detail delectability 

• 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  
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 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 

• Relevant tests from 1 (above) extended to cover relevant  

conditions  

• 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:  
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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 

• Breast compression:  

o Compression force  

o Alignment of compression paddle  

• Antiscatter grid:  

o Artefacts and motion  

• Image Quality:  

o Limiting resolution  

o Contrast detail delectability 

• 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 QC tests:  

• Measurement and assessment of:  

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 Imaged 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 from 1 (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 A.III.c - PORTFOLIO FOR THE MODULE: Radiation protection and safety (TCS No. 47 Sub-modules 2.1, 2.2, 2.5, 2.6; BSS Interim 

Edition Requirement 40) FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR DIAGNOSTIC AND INTERVENTIONAL 

RADIOLOGY MEDICAL PHYSICS RESIDENTS. 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 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) 
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 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 

• 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 
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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 A.III.d - PORTFOLIO FOR THE MODULE: Dosimetry, instrumentation and calibration (TCS No. 47 Sub- modules 7.1, 7.3, 7.4) 

FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR DIAGNOSTIC AND INTERVENTIONAL RADIOLOGY MEDICAL 

PHYSICS RESIDENTS. 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 A.III.e - PORTFOLIO FOR THE MODULE: Patient dose audit (TCS No. 47 Sub- modules 8.1, 8.2, 8.3) FROM THE REGIONAL 

CLINICAL TRAINING PROGRAMME FOR DIAGNOSTIC AND INTERVENTIONAL RADIOLOGY MEDICAL PHYSICS RESIDENTS. 

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, 
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interventional radiology and CT.  
 

TABLE A.III.f - PORTFOLIO FOR THE MODULE: Image quality assessment (TCS No. 47 Sub-modules 9.2, 9.3) FROM THE REGIONAL 

CLINICAL TRAINING PROGRAMME FOR DIAGNOSTIC AND INTERVENTIONAL RADIOLOGY MEDICAL PHYSICS RESIDENTS. 

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., images 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 A.III.g - PORTFOLIO FOR THE MODULE: Technology management in diagnostic radiology (TCS No. 47 Sub- modules 6.1, 6.2, 6.3, 

6.4, 6.5) FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR DIAGNOSTIC AND INTERVENTIONAL RADIOLOGY 

MEDICAL PHYSICS RESIDENTS. 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 

Understanding of the 

methods for the clinical 

• Roles and responsibilities 

• Testing frequency  
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control implementation and 

supervision of a quality 

control programme 

• 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 

• Explore pre and post-processing tools 

• Explore different reconstruction algorithms  

• Review the DICOM header 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 A.III.h - PORTFOLIO FOR THE MODULE: Optimization of clinical procedures (TCS No. 47 Sub-modules 10.1,10.2) FROM THE 

REGIONAL CLINICAL TRAINING PROGRAMME FOR DIAGNOSTIC AND INTERVENTIONAL RADIOLOGY MEDICAL PHYSICS 

RESIDENTS. 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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APPENDIX IV 

CLINICAL TRAINING PORTFOLIO FOR NUCLEAR MEDICINE MEDICAL PHYSICS 

 

TABLE A.IV.a - PORTFOLIO FOR THE MODULE: Clinical awareness (TCS No. 50 Sub-modules 1.3) FROM THE REGIONAL CLINICAL 

TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS RESIDENTS. 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 radiopharmaceutical  

• 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 A.IV.b - PORTFOLIO FOR THE MODULE: Radiation protection and safety (TCS No. 50 Sub-modules 2.1, 2.2, 2.4, 2.5, 2.6, 2.7) 

FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS RESIDENTS. THE 

SUGGESTED DURATION FOR THIS MODULE IS THE 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 on 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  

o Local shielding  
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 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,  

 

 

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 A.IV.c - PORTFOLIO FOR THE MODULE: Technology management in Nuclear Medicine (TCS No. 50 Sub-modules 4.3, 4.4, 5.1, 

7.1, 9.6, 9.7) FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS 

RESIDENTS. THE SUGGESTED DURATION FOR THIS MODULE IS THE 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 

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) 

• 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  
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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 

 

 

 

  



 

66 

 

TABLE A.IV.d - PORTFOLIO FOR THE MODULE: Radioactivity measurements and internal dosimetry (TCS No. 50 Sub- modules 6.1, 6.2, 

6.3, 6.4, 6.5) FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS 

RESIDENTS. THE SUGGESTED DURATION FOR THIS MODULE IS THE 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 A.IV.e - PORTFOLIO FOR THE MODULE: Performance testing of Nuclear Medicine equipment (TCS No. 50 Sub- modules 7.2, 7.3, 

7.4, 7.6, 7.7) FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS 

RESIDENTS. THE SUGGESTED DURATION FOR THIS MODULE IS THE 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 

QC of planar gamma 

cameras 

Perform the following tests: 

• Physical inspection 

• Detector shielding 

• Energy peaking 

• Energy resolution 
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• 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 A.IV.f - PORTFOLIO FOR THE MODULE: Preparation and quality control of radiopharmaceuticals (TCS No. 50 Sub- modules 11.1, 

11.2) FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS RESIDENTS. 

THE SUGGESTED DURATION FOR THIS MODULE IS THE 1 WEEK. 

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

SIGNATURE OF 

SUPERVISOR 

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 A.IV.g - PORTFOLIO FOR THE MODULE: Radionuclide therapy using unsealed sources (TCS No. 50 Sub-modules 8.1, 8.3, 8.4, 8.6) 

FROM THE REGIONAL CLINICAL TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS RESIDENTS. THE 

SUGGESTED DURATION FOR THIS MODULE IS THE 2 WEEKS. 

SUB-

MODULE 

ACTIVITY PROCEDURES TO ACHIEVE COMPETENCY COMMENTS, DATE AND 

SIGNATURE OF 

SUPERVISOR 

Treatment 

Procedure 

The purpose, principles 

and operational 

procedures of  

the 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 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 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, member of 

the public, carers and comforters.  
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TABLE A.IV.h - PORTFOLIO FOR THE MODULE: Clinical application (TCS No. 50 Sub-modules 10.1, 10.3, 10.4, 10.6) FROM THE 

REGIONAL CLINICAL TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS RESIDENTS. THE SUGGESTED 

DURATION FOR THIS MODULE IS THE 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 A.IV.i - PORTFOLIO FOR THE MODULE: Optimization (TCS No. 50 Sub-modules 4.4, 10.6) FROM THE REGIONAL CLINICAL 

TRAINING PROGRAMME FOR NUCLEAR MEDICINE MEDICAL PHYSICS RESIDENTS. THE SUGGESTED DURATION FOR THIS 

MODULE IS THE 1 WEEK. 

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 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 

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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