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Abstract 79 

 80 

The number of diagnostic and interventional medical procedures using ionising radiations is 81 

steadily rising, and procedures resulting in higher patient and staff doses are being performed 82 

more frequently. The need for education and training of medical staff (including medical 83 

students) and other healthcare professionals in the principles of radiation protection is therefore 84 

now even more compelling that in the past.  85 

 86 

The Commission has made basic recommendations for such education and training of these 87 

individuals in Publications 103 and 105.  The present publication expands considerably on these 88 

basic recommendations with regard to various categories of medical practitioners, and other 89 

healthcare professionals that perform or provide support for diagnostic and interventional 90 

procedures utilising ionizing radiation. It provides guidance regarding the necessary radiological 91 

protection education and training for use by:  92 

• cognizant regulators, health authorities, and professional bodies with responsibility for 93 

radiological protection in medicine;  94 

• the industry that produces and markets the equipment used in these procedures; and  95 

• Universities and other academic institutions responsible for the education of 96 

professionals involved in the use of ionizing radiation in healthcare.  97 

 98 

In the context of this publication, the term education refers to imparting knowledge and 99 

understanding on the topics of radiation health effects, radiation quantities and units, principles 100 

of radiological protection, radiological protection legislation and the factors in practice that 101 

affect patient and staff doses. Such education should be part of the curriculum in pursuit of 102 

medical, dental and other healthcare degrees, and for specialists such as radiologists, medical 103 

physicists and radiographers as part of the curriculum of postgraduate degrees. The term 104 
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training refers to providing instruction with regard to radiological protection for the justified 105 

application of the specific ionizing radiation modalities (e.g. CT, fluoroscopy) that a medical 106 

practitioner or other healthcare or support professional will utilize in that individual’s role 107 

during medical practice.  108 

 109 

Advice is also provided on the accreditation and certification of the recommended education 110 

and training. In the context of this publication, the term accreditation means that an organization 111 

has been approved by an authorised body to provide education or training on the radiological 112 

protection aspects of the use of diagnostic or interventional radiation procedures in medicine. 113 

The accredited organization is required to meet standards that have been set by the authorised 114 

body. The term certification means that an individual medical or clinical professional has 115 

successfully completed the education or training provided by an accredited organization for the 116 

diagnostic or interventional procedures to be practiced by the individual. The individual must 117 

demonstrate competence in the subject matter in a manner required by the accredited body. 118 

  119 

120 
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 121 

Chapter 1: Introduction 122 

 123 

The number of diagnostic and interventional medical procedures using ionising radiations is 124 

steadily rising, and procedures requiring higher patient doses are being performed more 125 

frequently. Thus the reason that medical staff and other healthcare professionals should be 126 

educated in radiological protection (RP) is more compelling. Yet in most countries RP training 127 

particularly for medical professionals is deficient. In this chapter the need for education of 128 

different groups, including those who prescribe radiological procedures and medical students is 129 

discussed.  It is recommended that this education should cover both deterministic and stochastic 130 

effects of ionising radiation with specific examples of RP factors that must be considered, and 131 

especially should cover the need to manage radiation dose according to the principles of 132 

radiation protection.  Although recommendations have been made before by the Commission, 133 

this is the first report to specifically address the topic of the delivery of education and training 134 

for medical staff and other healthcare professionals involved in use of ionising radiation for 135 

diagnostic (radiography, fluoroscopy and nuclear medicine) and interventional (fluoroscopically 136 

guided) procedures. 137 

 138 

1.1 The need for a greater awareness of radiological protection  139 

 140 

Many people are exposed to ionizing radiation from diagnostic and interventional medical 141 

procedures. The radiation doses to individual patients can be among the highest from human 142 

activities, even when radiotherapy is excluded. In some countries with advanced healthcare 143 

systems, the mean number of diagnostic medical procedures utilizing ionizing radiation 144 

approaches or exceeds one per year per member of the population. Furthermore radiation doses 145 

to patients from diagnostic x-ray examinations differ widely between centres suggesting that 146 

there is a widespread need for the optimisation of RP (UNSCEAR, 2000).  147 

In order to avoid unnecessary risk, radiological procedures should only be undertaken when 148 

they are expected to influence the management of the patient. Ensuring that all medical 149 

radiation procedures are justified requires that awareness is raised among those who prescribe 150 

about both the benefits and the risks of such procedures. Recent increases in the number, variety 151 
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and complexity of interventional procedures can result in radiation doses to patients being 152 

sufficiently high to induce deterministic effects, and doses to the medical professionals 153 

conducting the procedures can come close to occupational dose limits (ICRP, 2000 b). 154 

Therefore particular attention to the management (reduction) of doses to both patients and 155 

professionals in interventional procedures is important. 156 

Optimization of RP for patients and medical personnel in diagnostic and interventional medical 157 

procedures requires the conviction, engagement and competent performance of the medical, 158 

radiographic, physics and technical personnel involved.  Planned education and training 159 

programmes for the personnel involved are necessary sine qua non to ensure reasonable RP of 160 

patients and workers.  161 

It is accepted that RP education and training is deficient in many countries for almost all types 162 

of medical professionals requesting or performing diagnostic and interventional procedures. 163 

There are also deficiencies for some other professionals involved in medical exposures. This 164 

view is now largely shared by radiology and RP professionals, who also agree about the 165 

importance of training medical staff in order to improve the situation. 166 

The present document makes recommendations on training in RP for medical practitioners, 167 

radiographers, physicists, and technicians who perform or provide support for diagnostic and 168 

interventional procedures utilising ionizing radiation. It sets out guidance that should be 169 

considered by the cognizant regulators, health authorities, and professional bodies with 170 

responsibility for RP in medicine, as well as the industry that produces and markets the 171 

equipment used in these procedures. This guidance should also be considered by universities 172 

and other academic institutions responsible for the education of professionals involved in the 173 

use of radiation in healthcare. Guidance is given on education requirements in RP for those who 174 

prescribe diagnostic and interventional procedures, and medical and dental students who will 175 

prescribe in the future, to aid in the selection of content for medical degrees and postgraduate 176 

medical studies. Other than aspects of nuclear medicine therapy, this document does not address 177 

radiation therapy,modalities which should only be prescribed by medical staff who have 178 

specialized in the relevant disciplines.  179 

One of the principal unresolved issues for accomplishing education and training in RP for 180 

medical professionals is establishment of methods for delivery that focus on relevant content 181 

and highlight practical issues.  For the medical professional in particular, it is essential that 182 

courses are perceived as relevant and necessary, and require only a limited commitment of time 183 

so that individuals can be persuaded of the advantages of attending. Some information on the 184 
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content of courses and on websites from which material can be obtained is given in Annexes A, 185 

B and C. 186 

 187 

1.2 Education and Training in RP 188 

 189 

In the context of this document education and training in RP should be understood as follows. 190 

Education refers to the imparting of knowledge and understanding on basic topics such as 191 

radiation hazards, radiation quantities and units, principles of RP, radiation legislation and RP 192 

factors affecting patient and staff doses. A basic level of instruction should be given during 193 

medical, dental and other healthcare degree courses. More in-depth education on these topics for 194 

specialists such as radiologists, medical physicists and radiographers should be given during 195 

postgraduate degrees. 196 

Training refers to instruction and practice relating to the ionizing radiation modalitites (e.g. CT, 197 

fluoroscopy) used by the individual in medical practice. It should include imparting of specialist 198 

knowledge required for optimization of RP and should involve a significant element of practical 199 

skills. 200 

RP education and training for medical staff should be promoted by Regulatory and Health 201 

Authorities. RP education programmes should be implemented by the heathcare providers and 202 

Universities and coordinated at local and national levels to provide courses based on agreed 203 

syllabuses and similar standards. Scientific and professional societies should contribute to the 204 

development of the syllabuses and to the promotion and support of the education and training. 205 

Scientific congresses should include refresher courses on RP, attendance at which could be a 206 

requirement for continuing professional development for professionals using ionizing radiation. 207 

Since almost all physicians and dentists will need to request medical exposures, it is appropriate 208 

that the basic RP education is included in medical and dental degrees. The inclusion of RP in the 209 

syllabuses of medical and dental schools requires inter-sector cooperation at local and national 210 

level (e.g. universities, ministries of education). In some Countries, the requirement to train all 211 

physicians is less important, since the physician refers the patient, but does not make the 212 

decision regarding the justification of the exposure.  Here the physician is termed a referrer, 213 

rather than a prescriber and in these cases the amount and type of training may therefore be 214 

different. 215 
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Professionals involved more directly in the use of ionizing radiation should receive education 216 

and training in RP at the start of their career, and the education process should continue 217 

throughout their professional life as the collective knowledge of the subject develops. It should 218 

include specific training on related RP aspects as new equipment or techniques are introduced 219 

into a centre. 220 

Medical Physicists have a central role in all education and training programmes on RP. They 221 

know about the nature and type of radiation and the RP requirements for the application of 222 

ionizing radiation and should work closely with their medical specialist colleagues in setting up 223 

and conducting the training programmes. 224 

The radiological equipment manufacturers have an important role to play in the optimization of 225 

RP.  They have a responsibility to make users aware of the dosimetric implications of the 226 

procedures, and to inform them about the proper application of dose-reduction technology. 227 

 228 

1.3 The knowledge that RP education and training should provide 229 

 230 

1.3.1 Potential health effects from radiation exposure 231 

 232 

The purpose of managing radiation dose in diagnostic and interventional procedures is to avoid 233 

deterministic health effects and to reduce the probability of stochastic health effects of ionizing 234 

radiation. 235 

● Deterministic effects (harmful tissue reactions such as moderate and severe radiation-236 

induced skin injuries) occur when many cells in an organ or tissue are affected. The effects will 237 

be clinically observable only if the radiation dose is above some threshold. These thresholds can 238 

be reached in localized regions of a patient’s skin as a result of complex fluoroscopically guided 239 

interventional procedures (ICRP, 2000 b). It is at present a matter of debate whether the 240 

threshold for injury to the lens of the eye is sometimes reached in operators performing 241 

interventional procedures, leading to an increased frequency of cataracts.  242 

● Stochastic effects (e.g. cancer and heritable effects) can occur due to radiation-induced 243 

damage in the DNA of cells which can cause the transformation of cells that are still capable of 244 

reproduction, and this can in turn lead to a malignant condition. If the initial damage is inflicted 245 



 DRAFT REPORT FOR CONSULTATION 

10 

 

to the germ cells in the gonads, heritable effects may occur. It is likely that the probability of 246 

such effects increases proportionally with dose, for the levels of ionizing radiation experienced 247 

in diagnostic and interventional procedures. The increase in the probability for cancer induction 248 

is influenced by age at exposure, gender and genetic susceptibility to cancer (ICRP, 2007 b). 249 

 Effects on the embryo and fetus: There is potential for radiation effects in the 250 

embryo/fetus which are related to the stage of fetal development and the absorbed dose (ICRP, 251 

2003b, 2007 b). Possible deterministic effects include resorption of the embryo during the pre-252 

implantation period, although this is likely to be very infrequent, and malformations which may 253 

occur in various organs from the 3rd to the 8th week (organogenesis). Damage to the developing 254 

central nervous system may occur in the early fetal period, particularly from the 8th to the 15th 255 

week after conception and to a lesser extent between the 16th and 25th week after conception. 256 

These deterministic effects have relatively high threshold radiation doses (>100 mSv) and 257 

should not occur for optimized diagnostic procedures. With regard to stochastic effects, there is 258 

an increase in the probability of leukaemias and other cancers that may occur later in childhood 259 

from irradiation during all stages of fetal development. These effects are stochastic in nature and 260 

therefore it is likely that there is no threshold dose, so they may occur after low doses, although 261 

the probability is small. 262 

If the staff is properly educated and trained in RP, doses from diagnostic procedures and for the 263 

most part from fluoroscopically guided interventional procedures should not approach the 264 

threshold for deterministic effects. The probability of stochastic effects cannot be totally 265 

eliminated, so the appropriate approach is to prescribe or conduct procedures only when they 266 

are justified and to take all reasonable steps to manage the patient and staff doses from such 267 

procedures to ensure optimization of RP. 268 

 269 

1.3.2 Examples of the need to manage radiation dose 270 

 271 

Some practical examples of the need for education and training in RP are: 272 

 273 

• With regard to pregnant patients (ICRP, 2000a) … 274 

o The fact that a patient is pregnant must be considered in the justification of procedures 275 

for individual patients. 276 
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o  The manner in which an examination of a patient is performed depends on whether the 277 

embryo/fetus will be in the direct beam and whether the procedure requires a relatively 278 

high dose.  279 

 280 

• With regard to interventional procedures (ICRP, 2000b)… 281 

o Fluoroscopically guided interventional procedures are being used by an increasing 282 

number of clinicians and many interventionists are not aware of the potential for injury 283 

from these procedures and the simple methods for decreasing their incidence. 284 

Occasionally, severe radiation-induced skin injuries have occurred. 285 

o Patients undergoing difficult procedures need to be counselled on the radiation risks, 286 

and followed clinically when the associated radiation doses may lead to injury. The 287 

patient’s personal physician should be informed when there is a possibility of radiation 288 

effects.  289 

 290 

• With regard to computed tomography procedures (ICRP, 2000c; 2007a)… 291 

o Computed tomography (CT) procedures can involve relatively high doses to patients, 292 

particularly for modern CT scanners that employ multiple rows of detector arrays that 293 

allow rapid scanning and wider scan coverage. Doses from multiple procedures often 294 

approach or exceed the levels known from epidemiological studies to increase the 295 

probability of cancer.  296 

o The referring physician should evaluate whether the result of each CT procedure will 297 

affect the clinical management of the patient, and the radiologist should concur that the 298 

procedure is justified. This includes an understanding of the classification of the clinical 299 

indications into those requiring higher-dose procedures and those for which lower-dose 300 

procedures will be sufficient.  301 

o The radiologist and CT scanner operator should be aware of the possibilities for 302 

managing patient doses by adapting the technical parameters to each patient and the 303 

specific procedure, with special attention being paid to paediatric patients.  304 

o There is potential for dose reduction with all CT systems. It is important that 305 

radiologists, cardiologists, medical physicists and CT scanner operators understand the 306 

relationship between patient dose and image quality, and that images of the highest 307 

quality that require higher doses are not essential for all diagnostic tasks.  308 
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o Operators of CT scanners should have an understanding of the reduction that can be 309 

made in exposure by applying specific factors for paediatric patients. Many children 310 

have been examined using adult factors and given unnecessarily high doses in the past. 311 

 312 

• With regard to digital radiology procedures (ICRP, 2003a)… 313 

o Digital techniques have the potential to improve the practice of radiology, but higher 314 

doses than necessary may be delivered without any corresponding improvement in 315 

image quality.  316 

o Different medical imaging tasks require different levels of image quality. The use of 317 

more radiation to give a higher level of image quality should be avoided where this has 318 

no additional benefit for the clinical purpose.  319 

o It is very easy to obtain (and delete) images with digital fluoroscopy systems, and there 320 

may be a tendency to obtain more images than necessary. 321 

o Industry should promote tools to inform radiologists, radiographers, and medical 322 

physicists about the recommended exposure parameters and the resultant patient doses 323 

associated with digital systems. 324 

  325 

• With regard to doses to operators (ICRP 2000a, ICRP 2000b) 326 

o If a medical professional participating in procedures utilizing radiation declares to her 327 

employer that she is pregnant, additional controls have to be considered in order to 328 

attain a level of protection for the embryo/fetus broadly similar to that provided for 329 

members of the public.  330 

o Interventionalists with heavy procedure workloads may be exposed to high doses. 331 

Sometimes it may be necessary to limit the practice of specific individuals to avoid risk 332 

of radiation injury. 333 

o Different positions adjacent to the x-ray table expose staff to higher or lower dose rates. 334 

Staff should be educated about how dose rates vary adjacent to interventional x-ray 335 

equipment. 336 

o The Commission has stated in its Publication 103 (paragraph 249) that “However, new 337 

data on the radiosensitivity of the eye with regard to visual impairment are expected. 338 

The Commission will consider these data and their possible significance for the 339 

equivalent dose limit for the lens of the eye when they become available. Because of the 340 
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uncertainty concerning this risk, there should be particular emphasis on optimisation of 341 

RP in situations of exposure to the eyes. 342 

 343 

1.4 Recommendations in Publications 103 and 105 344 

 345 

The underlying objective for the RP training of medical professionals performing diagnostic and 346 

interventional procedures is to increase the proficiency of the medical professionals in 347 

managing patient and staff doses so that radiation doses are commensurate with the clinical 348 

task. ICRP Publication 103 [paragraph 328] and Publication 105 (ICRP, 2007c) [paragraphs 349 

(106), (107), (108) and (110)] provide the following recommendations concerning this training: 350 

  351 

 Publication 103 352 

 353 

(328) The physicians and other health professionals involved in the procedures that 354 

irradiate patients should always be trained in the principles of RP, including the 355 

basic principles of physics and biology. The final responsibility for the medical 356 

exposure of patients lies with the physician, who therefore should be aware of the 357 

risks and benefits of the procedures involved.  358 

 359 

Publication 105 360 

 361 

(106) There should be RP training requirements for physicians, dentists and other 362 

health professionals who order, conduct, or assist in medical or dental procedures 363 

that utilise ionising radiation in diagnostic and interventional procedures, nuclear 364 

medicine and radiation therapy. The final responsibility for the radiation exposure 365 

lies with the physician, who should therefore be aware of the risks and benefits of 366 

the procedures involved. 367 

 368 

(107) Relative to radiation use in medicine, three distinct categories of physicians 369 

can be identified: 370 

 371 

• physicians that are trained in the ionising radiation medical specialties (e.g., 372 

radiologists, nuclear medicine physicians, radiation oncologists); 373 
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• other physicians that utilise ionising radiation modalities in their practice (e.g., 374 

cardiologists, vascular surgeons, urologists); and 375 

• physicians that prescribe medical procedures that use ionising radiation. 376 

 377 

N.B. These categories are expanded in Chapter 2 of this report and more detailed 378 

recommendations on the amounts of training for each category are given in Chapter 379 

3. 380 

 381 

(108) Education and training, appropriate to the role of each category of physician, 382 

should be given at medical schools, during the residency and in focused specific 383 

courses. There should be an evaluation of the training, and appropriate recognition 384 

that the individual has completed the training successfully. In addition, there should 385 

be corresponding RP training requirements for other clinical personnel that 386 

participate in the conduct of procedures utilising ionising radiation, or in the care of 387 

patients undergoing diagnosis or treatments with ionising radiation.  388 

 389 

(110) One important need is to provide adequate resources for education and 390 

training in RP for future professional and technical staff who request or partake in 391 

radiological practices in medicine. The training programme should include initial 392 

training for all incoming staff, regular updating and retraining, and certification of 393 

the training. 394 

 395 

The present report is limited to  RP training for diagnostic and interventional procedures, and 396 

nuclear medicine therapy. 397 

 398 

1.5 Training in interpretation of images 399 

 400 

An important element that determines if a medical exposure is justified is whether the images 401 

obtained can provide the information required for the clinicnal task. Thus the clinicians for 402 

whom the images are provided must have appropriate training in order to interpret relevant 403 

details in the images. The interpretation of images will frequently be done by radiologists who 404 

have undergone extensive training, but many images will be interpreted by other medical staff 405 

and it is important that they receive sufficient training in their medical degree or specialty 406 
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training for the level of interpretation that they will be required to perform. Training in 407 

interpretation of images is not the subject of this document, but is mentioned because that 408 

interpretation makes up an important aspect of the justification process for any clinical 409 

exposure.410 



 DRAFT REPORT FOR CONSULTATION 

16 

 

Chapter 2: The healthcare professionals to be trained 411 

 412 

Limited awareness of the risks from radiation among physicians is leading to the over-413 

prescription of radiation procedures in many countries.  Physicians need to understand the 414 

nature of the risks so that they can take these into account when requesting medical exposures. 415 

When dealing with pregnant patients the correct balance must be achieved between effective 416 

treatment, minimisation of risks, and the avoidance of unnecessary termination.  Interventional 417 

medical procedures carry a risk of deterministic effects.  In order to provide some information 418 

on the amount of education and training in RP that is appropriate, 15 categories of healthcare 419 

professionals have been identified, eight representing different groups of physicians and 420 

dentists, and seven other healthcare professionals involved in the use of radiation.  421 

Recommendations on the training for the different categories are discussed, including those for 422 

medical students and physicians who prescribe medical procedures using ionising radiation.   423 

 424 

2.1 Consequences of failure to deliver training in RP 425 

 426 

The rapid expansion in medical procedures using radiation during the last decade has resulted in 427 

radiation doses from medical exposures becoming a significant and in some countries the major 428 

component of radiation exposure to the population [UNSCEAR 2000]. It is important that the 429 

medical profession and other healthcare professionals understand the hazards in order to avoid 430 

the creation of unnecessary risks to the population as a whole. The basic rule should be that all 431 

exposures are justified in terms of the influence that they will have on management of the 432 

patient. Lack of knowledge may result in more imaging tests being requested when other non-433 

radiation tests could be performed or when different lower dose imaging tests could be carried 434 

out.  435 

There are many different consequences that can arise from poor awareness and understanding of 436 

radiation hazards by medical practitioners apart from over-prescription. A number of physicians 437 

have recommended termination of pregnancy following any medical imaging exam that their 438 

pregnant patient may have received, a practice that again results from a lack of understanding of 439 

the risks from radiation exposure. The lack of knowledge may also lead to pregnant women not 440 
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receiving the medical care that they need because of exaggerated fears of the risks from fetal 441 

exposures.  442 

Those directly involved in exposures need RP training to ensure that procedures are optimized 443 

with regard to RP, so that radiation doses to individual patients are not higher than necessary. 444 

There are continual new challenges as techniques are developed. For example, digital radiology 445 

has the potential to reduce patient doses, but can significantly increase them and the medical 446 

professionals need to be trained to use this technology effectively. Experience has shown that as 447 

many radiology departments have made the transition to digital equipment, patient doses have 448 

not been reduced but have increased measurably. ICRP Publication 93 (ICRP, 2003a) is a 449 

dedicated report on the proper management of radiation dose in digital radiology, and includes 450 

Section 2.5 on training needs for radiologists and radiographers and Appendix C with an outline 451 

for education and training.   452 

Several medical specialties using ionizing radiation as part of their clinical work need to have 453 

some knowledge in RP. The level of education and training will be different depending on the 454 

uses, the workload and the level of risk (radiation doses) involved. The need for medical doctors 455 

employing fluoroscopically guided procedures to be both trained and certified for this practice is 456 

very important to avoid unnecessary exposures. There are other groups of healthcare 457 

professionals who may have extensive or limited involvement with radiation exposures who 458 

also require to be trained. 459 

 460 

2.2 Categories of medical and healthcare professionals requiring 461 

education and training 462 

 463 

In order to facilitate specification of the RP training required by different medical and 464 

healthcare professionals, categories that cover the majority of those involved are listed below. 465 

1. Radiologists (DR): Physicians who are going to take up a career in which the major 466 

component involves the use of ionizing radiation in radiology. 467 

2. Nuclear Medicine Specialists (NM): Physicians who are going to take up a career in 468 

which the major component involves the use of radiopharmaceuticals in nuclear 469 

medicine for diagnosis and treatment. 470 
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3. Cardiologists (CD): Physicians whose occupation involves a fairly high level of 471 

ionizing radiation use, although it is not the major part of their work, such as 472 

interventional cardiologists. 473 

4. Other Medical Specialists using X-rays (MDX): Physicians whose occupation 474 

involves the use of x-ray fluoroscopy in urology, gastroenterology, orthopaedic 475 

surgery, neurosurgery or other specialties. 476 

5. Other Medical Specialties using Nuclear Medicine (MDN): Physicians whose 477 

occupation involves prescription and use of a narrow range of nuclear medicine 478 

tests. 479 

6. Other Physicians who assist with radiation procedures (MDA): Physicians such as 480 

Anaesthetists who have involvement in fluoroscopy procedures directed by others, 481 

and Occupational Health Physicians who review records of radiation workers.  482 

7. Dentists (DT): Dentists who take and interpret dental x-ray images routinely. 483 

8. Medical Prescribers (MD): Physicians who request examinations and procedures 484 

involving ionizing radiations and medical students who may prescribe examinations 485 

in the future.  486 

9. Radiographers, Nuclear Medicine Physicists and Medical Physics Technologists 487 

(RDNM): Individuals who are going to take up a career in which a major component 488 

is involved with operating and/or testing x-ray or radionuclide imaging equipment, 489 

including those carrying out performance tests on a range of x-ray units in different 490 

hospitals. 491 

10. Maintenance engineers (ME): Individuals with responsibilities for maintaining the 492 

x-ray and imaging systems (including nuclear medicine).  493 

11. Other Healthcare Professionals (HCP): Other professionals such as Podiatrists, 494 

Speech Therapists, and Chiropractors who may be involved in the use of radiology 495 

techniques to assess patients. 496 

12. Nurses (NU): Nursing staff and other healthcare professionals assisting in diagnostic 497 

and interventional x-ray fluoroscopy procedures, injecting radiopharmaceuticals, or 498 

assisting in the care of nuclear medicine patients. 499 

13. Dental Nurses and assistants (DN): Dental nurses and dental assistants who take 500 

dental radiographs and process images. 501 
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14. Radionuclide Laboratory Staff (RL): Individuals who use small quantities of 502 

radionuclides for diagnostic purposes such as radioimmunoassay. 503 

15. Regulators (REG): Individuals with responsibility for enforcing ionizing radiation 504 

legislation. 505 

 506 

2.3 Training for healthcare professionals 507 

 508 

2.3.1.Medical professionals involved directly with the use of radiation 509 

 510 

Diagnostic radiologists and nuclear medicine specialists in some countries are given an 511 

extensive formal training programme and certification during their residency involving typically 512 

30 h – 50 h training in RP. These specialist groups need a high level of understanding of the 513 

hazards and RP for many different scenarios. Similar levels of training are required in all 514 

countries. 515 

Interventional procedures can involve high doses of radiation and the special radiological risk 516 

needs to be taken into account if deterministic effects on the skin are to be avoided. ICRP has 517 

proposed in Publication 85 (ICRP, 2000b) a second level of RP training for interventional 518 

radiologists and cardiologists: 519 

(50) Interventional procedures are complex and demanding. They tend to be very operator 520 

dependent with each centre having slightly different techniques. It is particularly important in 521 

these circumstances that individuals performing the procedures are adequately trained in both 522 

the clinical technique and in knowledge of RP. A second, specific, level of training in RP, 523 

additional to that undertaken for diagnostic radiology, is desirable. Specific additional training 524 

should be planned when new x-ray systems or techniques are implemented in a centre. A quality 525 

assurance programme for interventional radiology facilities should include RP training and 526 

assessment of dose control technique. 527 

Training in RP given to interventional cardiologists in most countries is limited. The 528 

Commission considers that provision of more RP training for this group should be a priority. 529 

The training given to other medical specialists such as vascular surgeons, urologists, 530 

endoscopists and orthopedic surgeons before they direct fluoroscopically guided invasive 531 

techniques is significantly less. The times allocated for this RP training depend on previous 532 
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knowledge of the basis of radiation physics and radiobiology, but typically should be at least 15 533 

h (taking into account formal courses and on the job training). A similar amount of RP training, 534 

but with a different emphasis is recommended for physicians involved in the delivery of a 535 

narrow range of nuclear medicine tests relating to their specialty. 536 

Other medical specialties not directly operating the x-ray units or administering radionuclides, 537 

but closely involved with the specialist operator, such as anesthetists, will require some training 538 

on the basic aspects of RP [e.g. what is scattered radiation, how equipment use affects their 539 

exposure, radiation units, radiobiology, and risks during pregnancy and breast feeding (if open 540 

radiation sources are used)]. For these personnel, a combination of seminars and practical 541 

demonstrations is likely to be the best arrangement for their RP training. 542 

Occupational health doctors who review dose and health records of radiation workers will also 543 

require education in RP. They may have to decide whether individuals should continue to work 544 

with radiation after high exposures or if they have particular pathologies or if they are pregnant. 545 

 546 

2.3.2 Medical and healthcare professionals prescribing diagnostic 547 

exposures and medical students 548 

 549 

The vast majority of medical professionals will need to prescribe diagnostic examinations and 550 

procedures involving the use of ionizing radiations. A similar level of education in RP needs to 551 

be given to:  552 

• prescribers of imaging techniques using ionizing radiation 553 

• medical (and dental) students 554 

The information that these groups need to know is the basis of biological effects of ionizing 555 

radiation, a basic idea of the radiological quantities and units, and the relationship between 556 

radiation dose and the increase in probability of stochastic effects. Specific risks during 557 

pregnancy should also be included. The European Commission has published Guidelines on this 558 

issue (EC, 2000b).  559 

Prescribers need to be familiar with referral criteria appropriate for the range of examinations 560 

that they are likely to request. It is recommended that “Referral guidelines for imaging”, such as 561 

those published by radiology societies are consulted. These are updated periodically as more 562 

collective experience is gained, so it is important to recheck criteria periodically, particularly 563 

when new techniques are involved. 564 
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Education in RP for future prescribers could be included in a dedicated short course or 565 

integrated into education on the fundamentals of diagnostic techniques with ionizing radiation in 566 

the medical degree.  567 

Other healthcare professionals, such as nurse practitioners in casualty departments and 568 

podiatrists may request medical exposures for specific conditions, and will require some 569 

instruction in radiation hazards although this can be more limited because of the narrower scope 570 

of practice. 571 

 572 

2.3.3 Other healthcare professionals  573 

 574 

Training for healthcare professionals in RP will be related to their specific jobs and roles. 575 

Medical Physicists working in RP and diagnostic radiology should have the highest level of 576 

training in RP as they have additional responsibilities as trainers in RP for most of the 577 

clinicians.  578 

 Radiographers, nuclear medicine technologists and x-ray technologists will all require 579 

substantial training in RP as this represents a core aspect of their work. 580 

Maintenance engineers with responsibilities for imaging systems require training in RP, not 581 

only related to their personal roles, but also in RP of patients so that they understand how the 582 

settings of the x-ray systems and adjustments that they may make influence the radiation doses 583 

to patients. 584 

Nurses and other healthcare professionals assisting in fluoroscopic procedures require 585 

knowledge of the risks and precautions to minimize their exposure and that of others. There is 586 

evidence of a risk of lens opacities among those working in cardiac catheterization laboratories 587 

where RP has not been optimized. 588 

589 
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Chapter 3:  Priorities in topics to be included in the 590 

training 591 

 592 

The objectives of RP education and the topics that should be included in RP training are 593 

considered in this chapter.  The need to engage those undergoing the training and make them 594 

aware of the radiation hazards and risks associated with the techniques that they are using is 595 

stressed.  It is not an easy task to achieve effective training with a realistic approach to the use 596 

of radiation.  Recommended content of courses on radiation hazards, risks and applications for 597 

all physicians is given.  This material might be covered in medical and other healthcare degrees.  598 

Other topics which will differ depending on the role of the physician or healthcare professional 599 

are also considered. Recommendations on the amounts of training and the subject matter that is 600 

more or less important for each group are given in tables at the end of the chapter. 601 

 602 

3.1 Objectives of training 603 

 604 

A key component in the success of any training programme is to convince the engaged 605 

personnel about the importance of the principle of optimization in RP so that they implement it 606 

in their routine practice. In order to achieve this, the material must be relevant and presented in 607 

a manner that the clinicians can relate to their own situation. 608 

Priority topics to be included in the training will depend on the involvement of the different 609 

professionals in medical exposures. For example some operational aspects are important for 610 

radiologists and nuclear medicine specialists, but these are not relevant for prescribers. But most 611 

medical specialists will require knowledge of basic topics such as radiation hazards and risks. 612 

Interventional operators must be aware that deterministic effects have to be avoided by 613 

managing the doses to patients (and personnel) in such a way that they are kept well below the 614 

threshold values.  615 

Deterministic effects can be perceived readily by those with a basic understanding of RP 616 

principles, as this is a simple process of killing cells. The teaching programmes for 617 

interventional radiologists and cardiologists should provide data on dose-response relationships 618 

for deterministic effects, how these are affected by secondary factors, and the magnitudes of 619 

threshold doses for different organs. 620 



 DRAFT REPORT FOR CONSULTATION 

23 

 

 The mechanisms involved in the induction of stochastic effects, on the other hand, and the 621 

frequency of their occurrence as a function of dose may not be obvious to all medical and 622 

healthcare professionals. Whereas increased incidence and mortality from malignancies after 623 

high doses is commonly known and not questioned (e.g. atomic bomb survivors and many other 624 

groups) the situation at low doses (< 0.1 Sv) is a different matter, as the postulated risk is 625 

derived by extrapolation from higher doses, and is based on a hypothesis. In addition, the 626 

magnitude of the risk (probability of occurrence) in the low-dose domain is small, delayed in 627 

time, and cannot be attributed directly to an exposure. 628 

The risk of death or serious health impairment in the daily practice of clinical medicine is 629 

several orders of magnitude higher than that which can be linked to a stochastic phenomenon 630 

resulting from a diagnostic or interventional radiation procedure. Moreover, the delay in 631 

manifestation is quite large, so it is not surprising that for many physicians and their helpers the 632 

danger of stochastic phenomena is only a second or third order concern, in spite of the fact that 633 

the consequences, when they do occur, may result in great suffering and loss of life. It is also 634 

usually forgotten, that there are certain patients who undergo radiological diagnostic procedures 635 

frequently, with the consequence of a much higher than average risk of cancer induction by 636 

medical irradiation. 637 

The education and training should aim to achieve the clear and convincing transfer of the 638 

current knowledge and recommendations on the subject that are accepted at the time. The 639 

approach recommended by the ICRP for its RP system is to assume no threshold dose for 640 

stochastic effects and that the risk of stochastic effects is proportional to organ or tissue dose.   641 

The other extreme in the reaction to radiation exposure, which frequently distorts the reasonable 642 

approach to the risk, is usually linked with ignorance of real consequences and their frequency. 643 

The most common example is the exaggeration of the dangers from intrauterine exposure, 644 

related to induction of malformations. Individuals are often unaware that these effects are 645 

deterministic in nature and so will not occur when the dose to the embryo is low, as is the case 646 

in diagnostic procedures. The whole subject is dealt with thoroughly and clearly in ICRP 647 

Publication 84.  648 

Clear presentation of the basic principles of radiobiology and the consequences of exposure to 649 

ionizing radiation should convince trainees that optimization of RP is correct both logically and 650 

ethically. It should also provide convincing evidence that diagnostic and interventional medical 651 

procedures utilizing ionizing radiation provide health benefits that usually substantially exceed 652 

the potential detrimental consequences of the radiological risk attributed to them when RP 653 

operational principles are properly applied. 654 
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 655 

3.2 Course topics 656 

 657 

The challenge for medical education is to identify what information physicians need to know for 658 

everyday practice. However, courses on RP in medical degrees are limited. This, despite the fact 659 

that many of these students will become physicians using x-ray equipment in their practice, 660 

ordering radiation imaging tests, or having to respond to questions from their patients about the 661 

safety of radiation. Education on RP could be linked to courses on the applications of medical 662 

imaging and to training in interpretation of x-rays images in the medical degree. 663 

A useful orientation on some of the topics to be included in this education programme on RP for 664 

medical students could be the ICRP Publication “Radiation and your patient: a Guide for 665 

medical practitioners” http://www.icrp.org/docs/Rad_for_GP_for_web.pdf. 666 

The core content for these programmes should include (in addition to other local requirements): 667 

1) Properties of ionizing radiation (x rays, beta particles and electrons). 668 

2) How to quantify the amount of radiation. Radiological quantities and units. 669 

3) Radiation mechanisms of interaction with biological materials. 670 

4) Classification of radiation effects: deterministic and stochastic. 671 

5) Magnitude of the risks for cancer and hereditary effects.  672 

6) The use of radiation in diagnostic radiology, interventional radiology, nuclear medicine 673 

and radiotherapy. 674 

7) Principles of justification of radiological procedures, optimization of RP and dose 675 

limitation. 676 

8) Recommendations and legal requirements applying to medical, occupational, and public 677 

exposure.  678 

9) Typical doses from medical diagnostic procedures and comparisons with effective doses 679 

from other sources. 680 

10) The importance of diagnostic reference levels in managing the exposure of patients. 681 

11) The appropriate role of effective dose in medicine. 682 

12) Doses that can induce deterministic effects (interventional procedures).  683 

http://www.icrp.org/�
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13) The information that different imaging techniques can provide and the relative values of 684 

the alternative techniques. 685 

14) How to obtain guidance on referral criteria for different examinations.  686 

15) The principle of only carrying out diagnostic radiological investigations when they will 687 

influence patient management. 688 

16) The risks from radiation therapy, nuclear medicine, and diagnostic and interventional 689 

radiology. 690 

17) When children and pregnant women require special consideration in diagnostic and 691 

interventional procedures. 692 

18) Risks to pregnant women (as patients or staff) and fetuses involved in radiotherapy, 693 

nuclear medicine, and diagnostic and interventional radiology. 694 

19) When patients treated with radiation can endanger other people. 695 

20) Commonly asked questions and suggested answers. 696 

21) Legal issues and litigation. 697 

 698 

3.3 Training recommendations for various categories of medical 699 

staff 700 

 701 

The different groups of topics and the level of training recommended for different categories of 702 

medically qualified staff and other healthcare professionals are included in Tables 1 and 2 703 

respectively. These have been developed based on current and the existing guidelines (e.g.  704 

European Guidelines RP-116). The course content has been expanded and the lists extended to 705 

provide a more complete breakdown for categories of staff involved with different aspects of 706 

radiation exposures. 707 

The areas and levels suggested in the tables should be considered as core knowledge. More 708 

detailed additional training for some of the groups could be required. The practical application 709 

of RP specific to a relevant modality should be included in "operational RP”. Training 710 

programmes should include procedures that must be followed after accidental or unintended 711 

doses to patients from radiological practices have occurred and related ethical issues. 712 
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The number of hours indicated in the table should be considered as an indication of the amount 713 

of training. It could contain components from different periods of education and training, such 714 

as basic residency programmes and special training courses. 715 

Medical physics experts in RP should know all the training areas at the highest level, in addition 716 

to physics and all relevant aspects of quality assurance programmes, as they will play a major 717 

role in advising others on optimization of RP and delivering the training lectures. This group 718 

will need to maintain their competence to ensure that they keep up to date with the current 719 

knowledge of radiation hazards and risks, developments in techniques and equipment, and 720 

legislative requirements. They will require substantially more training than the other categories 721 

considered here. 722 

The length of training programmes (theory and practical work) will depend on the previous 723 

knowledge of radiation physics, radiobiology, etc., among the various groups of health 724 

professionals in the different countries. A good tool for defining the number of hours needed for 725 

training could be the use of guidelines containing specific educational objectives. The 726 

components of the course should be adapted to achieve the objectives and realistic times 727 

determined. 728 

Practical exercises and practical sessions should be included in the RP training programmes for 729 

those directly involved in procedures. A minimum of a 1-2 hour practical session in a clinical 730 

installation is recommended for the simplest training programmes, while 20-40% of the total 731 

time scheduled may be devoted to practical exercises in more extensive courses. 732 

Some examples of course content for different groups involved in medical exposures are given 733 

in Annex A. Radiologists and radiographers involved in paediatric radiology, screening 734 

mammography and computed tomography will require some specific training in related RP 735 

issues for these examinations. Specific objectives of courses for those working in paediatric 736 

radiology are given in the Annex B. 737 

 738 

739 
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Table 1 Recommended RP training requirements for different categories of physicians 740 
and for dentists  741 
 742 
Training Area 1 

DR 
2 
NM 

3 
CD 

4 
MDX 

5 
MDN 

6 
MDA 

7 
DT 

8 
MD 

Atomic structure, x-ray production 
and interaction of radiation 

m h l l l l l - 

Nuclear Structure and radioactivity m h l - m - - - 
Radiological quantities and units m h m l l l l l 
Physical characteristics of the x-ray 
machines 

m l m m l l l - 

Fundamentals of radiation 
detection 

l h l l m - l - 

Fundamentals of radiobiology, 
biological effects of radiation 

h h m m m l l l 

Risks of cancer and hereditary 
disease and effective dose 

h h m m m l m m 

Risk of deterministic effects h m h m l l l l 
General principles of RP h h h m m m m l 
Operational RP h h h m h m m l 
Particular patient RP aspects h h h h h m m l 
Particular staff RP aspects h h h h h m m l 
Typical doses from diagnostic 
procedures 

h h l l l l l m 

Risks from fetal exposure h h l m m l l l 
Quality control and quality 
assurance 

m h m l l - l - 

National regulations and 
international standards 

m m m m m l m l 

         
Suggested number of training 
hours 

30-
50 

30-
50 

20-
30 

15- 
20 

15- 
20 

10- 
15 

10-
15 

5- 
10 

 743 
DR – Diagnostic Radiology Specialists 744 
NM – Nuclear Medicine Specialists 745 
CD – Interventional Cardiologists  746 
MDX – Other Medical Doctors using x-ray systems  747 
MDN – Other Medical Doctors using radiopharmaceuticals  748 
MDA – Other Medical Doctors assisting with fluoroscopy procedures such as anaesthetists and 749 
occupational health physicians 750 
DT – Dentists  751 
MD – Medical Doctors prescribing medical exposures and Medical Students 752 
 753 
Level of knowledge 754 
l – low level of knowledge  755 
m- medium level of knowledge  756 
h – high level of knowledge 757 
 758 

759 
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 760 
Table 2 Recommended RP training requirements for different categories of healthcare 761 
professionals other than physicians or dentists 762 
 763 
Training Area 9 

RD
NM 

10 
ME 

11 
HCP 

12 
NU 

13 
DN 

14 
RL 

15 
REG 

Atomic structure, x-ray production 
and interaction of radiation 

m m l - l m l 

Nuclear Structure and radioactivity m m - - - m l 
Radiological quantities and units m m l l l m m 
Physical characteristics of the x-ray 
machines 

m h m - l l l 

Fundamentals of radiation detection m h l l l m l 
Fundamentals of radiobiology, 
biological effects of radiation 

m l m l l m l 

Risks of cancer and hereditary 
disease and effective dose 

m l m l m m m 

Risks of deterministic effects m - l l l l m 
General principles of RP h m m m m m m 
Operational RP h m m m m h m 
Particular patient RP aspects h m h m m - m 
Particular staff RP aspects h m h m m h m 
Typical doses from diagnostic 
procedures 

h l l - l - l 

Risks from fetal exposure h l m l l m l 
Quality control and quality assurance m h l - m l m 
National regulations and international 
standards 

m h m l l m h 

        
Suggested number of training hours 40-

100 
40-
60 

15- 
20 

10- 
15 

10-
15 

20-
40 

15- 
20 

 764 
RDNM – Radiographers, nuclear medicine physicists and technologists, medical physics 765 
technologists 766 
HCP – Healthcare professional involved in x-ray procedures  767 
NU – Nurses assisting in procedures 768 
DN – Dental nurses or assistants  769 
ME – Maintenance engineers 770 
RL – Radionuclide laboratory staff 771 
REG – Regulators 772 
 773 

774 
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Chapter 4: Training opportunities and suggested 775 

methodologies  776 

 777 

Recommendations on the training for a selection of the categories of staff are made.  This is 778 

followed by discussion of the focus for courses and suggestions about the individuals who 779 

would normally deliver the lectures and provide the training.  Medical Physicists and other 780 

practitioners will give much of the RP training, but the medical and healthcare professionals 781 

who perform the radiation procedures will themselves have an important role. The themes of the 782 

method of delivery and the amount of training are developed and the need for the continuation 783 

of the training throughout the career of each individual as part of their continuing professional 784 

development is discussed.   785 

 786 

4.1 Training Programmes 787 

 788 

Training programmes need to be devised for a variety of different categories of medical and 789 

clinical staff with greater or lesser involvement with medical exposures.  790 

In general the professions in categories 1 and 2 (Table 1), and 8 and 9 (Table 2) shall have 791 

formal education in RP and a formal examination system to test competency before the person 792 

is awarded a degree that entitles him/her to practice the profession. Education and training in RP 793 

is generally included as part of the dental degree for category 7 and may be included in specific 794 

training courses for dental nurses and dental care assistants (category 13). 795 

For the other medical professionals in categories 3, 4 and 5 (Table 1), who are directly involved 796 

in procedures using radiation, the Commission is aware that there has been a considerable lack 797 

of education and training in a large part of the world and this needs to be corrected. The 798 

Commission recommends that the levels of education and training should be commensurate 799 

with the level of usage of radiation. Physicians, nurses and other healthcare professionals 800 

(categories 6 and 12) who are involved in radiation procedures but do not influence patient 801 

doses directly also need some training in RP. 802 

The training needs in RP of Category 8, physicians who prescribe or request medical exposures, 803 

have remained largely unaddressed. It is unfortunate that RP training in the past has been linked 804 

with staff safety alone and issues of patient safety neglected. This category of personnel has a 805 
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direct influence on patient safety and their training is important. Among the ICRP’s principles 806 

of RP for justification, optimization and dose limitation, prescribing physicians have a 807 

significant role in the justification of medical examinations.  808 

There are substantial differences in the numbers of medical exposures carried out in developed 809 

countries that might be regarded as having a similar level of health care. Although some of these 810 

variations may result from the use of more advanced procedures, more important contributory 811 

factors are differences in the level of control on the prescription and justification of the 812 

exposures and in the methods of delivery and funding of health care. Surveys have shown the 813 

level of knowledge that medical prescribers have of RP to be relatively poor. It has also been 814 

identified that few of those responsible for prescribing or performing examinations were 815 

familiar with the units used to specify the amount of radiation or the level of risk from common 816 

procedures. Therefore, the Commission recommends that a stronger emphasis is placed on 817 

transfer of knowledge of RP and its application to prescribers. This recommendation applies 818 

particularly to practitioners and medical specialists outside radiological specialisations. Since all 819 

medical professionals are likely to prescribe medical exposures, the Commission recommends 820 

that the basic education in RP for physicians (category 8) is given as part of the medical degree. 821 

The Commission also urges professional societies for relevant medical and RP staff to work 822 

together to develop continuing education in collaboration with healthcare providers.  823 

The issue of transfer of knowledge for current medical prescribers is more difficult to address. 824 

In addition to the basic information on RP and radiation doses derived from the different 825 

procedures imparted to all medical students, international RP organisations and professional 826 

bodies are encouraged to facilitate this transfer to current prescribers by making appropriate 827 

material readily available and providing learning opportunities. Possible alternative methods 828 

might include distribution of printed material on RP, perhaps linked to booklets on referral 829 

guidelines, promotion of short E-learning packages aimed specifically at prescribers, and 830 

inclusion of lectures on RP in conferences for general medical practitioners and other medical 831 

specialties. 832 

Maintenance engineers currently receive some training in RP, but this may be primarily 833 

focussed on RP of staff and training on RP for patients needs to be expanded, particularly in 834 

relation to digital radiology and new equipment.  835 

The RP authorities should not confuse radionuclide laboratory workers (category 14) with other 836 

categories as the risk of radiation exposure is only for staff rather than both staff and patients. 837 

The RP requirements will be less for work with some radionuclides than with others and the 838 

amount of education and training needs to be judged on the basis of merit. In many cases there 839 
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may be no need to have personnel monitoring. However, the Commission recommends definite 840 

training for laboratory staff, which may be of rather longer duration as staff members may be 841 

involved on a full time basis and some of the staff may be exempted from personnel monitoring 842 

because it is inappropriate for the type of radiation emitted from the radioactive material 843 

handled.   844 

In some cases legislative control may make regulatory authorities exercise powers without due 845 

understanding and appreciation of practicalities. Thus staff from the enforcing authority 846 

(category 15) will also need to receive a limited amount of training. This should include aspects 847 

of optimisation of RP, and practical RP, in addition to dose levels and risks and is likely to 848 

require at least 15h-20h of instruction. 849 

 850 

4.2 Delivery of Training 851 

 852 

The objective of any training in a hospital setting is to acquire a) knowledge and b) skills, and 853 

there are many approaches to achieve this. Conventional training programmes utilise a structure 854 

that is curriculum based. There is a fundamental difference between training methodologies 855 

employed in non-medical subjects and in medical or rather clinical ones. While much of the 856 

training in sciences such as physics or biology is based on knowledge transmission, there is 857 

much greater emphasis in clinical training on imparting skills to solve day-to-day problems. A 858 

training programme in RP for healthcare professionals has to be oriented towards the type of 859 

training to which the target audience is accustomed. Lectures should deal with essential 860 

background knowledge and advice on practical situations, and the presentations should be 861 

tailored to clinical situations to impart skills in the appropriate context.  Practical training should 862 

be in a similar environment to the one in which the participants will be practising and provide 863 

the knowledge and skills required for performing clinical procedures. It should deal with the full 864 

range of issues that the trainees are likely to encounter. 865 

The primary trainer in RP should normally be a person who is an expert in RP in the practice 866 

with which he or she is dealing (normally a medical physicist). That means a person having 867 

knowledge about the clinical practice in the use of radiation, the nature of radiation, the way it is 868 

measured, how it interacts with the tissues, what kind of effects it can lead to, principles and 869 

philosophies of RP, and international and national guidelines. Since RP is covered by legislation 870 

in almost all countries of the world, awareness about national legislations and the 871 

responsibilities of individuals and organizations is essential.  872 
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The RP trainer, in many situations, may lack the knowledge of practicalities and thus talk from 873 

an unrealistic standpoint relating to idealised situations. The foremost point in any successful 874 

training is that the trainer should have a clear perception about the practicalities in the work that 875 

the training has to cover. It should deal with what people can practice in their day to day work. 876 

Many trainers in RP cannot resist the temptation of dealing with basic topics such as radiation 877 

units, interaction of radiation with matter, and even structure of the atom and atomic radiations 878 

in more depth than is appropriate. Such basic topics while being essential in educational 879 

programmes should be dealt with only to a level such that they make sense. A successful trainer 880 

will not be ego-centric about definitions which are purely for academic purposes but will be 881 

guided by the utility of the information to the audience. The same applies to regulatory 882 

requirements. The trainer should speak the language of users to convey the necessary 883 

information without compromising on the science and regulatory requirements. Health 884 

professionals who use radiation in day-to-day work in hospitals and impart the radiation dose to 885 

patients have knowledge about practical problems in dealing with patients who may be very 886 

sick. They understand problems with the radiation equipment they deal with, the constraints of 887 

time they have in dealing with large numbers of patients and the lack of radiation measuring and 888 

RP tools. Inclusion of lectures from practising clinicians in courses for categories 1-8, is 889 

strongly recommended. It may be useful for the RP trainer to be on hand during such lectures to 890 

comment and discuss any issues raised. 891 

 892 

4.3 The Amount of Training 893 

 894 

Another point to be considered is “How much training?” Most people and organizations follow 895 

the relatively easy route of prescribing the number of hours. This document gives some 896 

recommendations on the number of hours of education and training in Tables 1 and 2 which 897 

should act as a simple guideline rather than be applied rigidly. This has advantages in terms of 898 

implementation of training and monitoring the training activity, but is only a guide.  899 

The issue of how much training is given should be linked with the evaluation methodology. One 900 

has to be mindful about the educational objectives of the training, i.e. acquiring knowledge and 901 

skills. Many programmes are confined to providing training without assessing the achievement 902 

of the objectives. Although some programmes have pre and post training evaluations to assess 903 

the knowledge gained, fewer training programmes assess the acquisition of practical skills. 904 

Using modern methodologies of online examination, results can be determined instantaneously. 905 
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It may be appropriate to encourage development of questionnaire and examination systems that 906 

assess the knowledge and skills, rather than prescribing the number of hours of training. 907 

Because of the magnitude of the requirement for RP training, it may be worthwhile for 908 

organizations to develop online evaluation systems. The Commission is aware that such online 909 

methods are currently available mainly from organizations that deal with large scale 910 

examinations. The development of self-assessment examination systems is encouraged to allow 911 

trainees to use them in the comfort of the home, on a home PC or anywhere where the internet is 912 

available. The Commission recommends that evaluation should have an important place.  913 

The amount of training depends upon the level of radiation employed in the work and the 914 

probability of occurrence of over-exposures either to the patient or to staff. For example 915 

radiotherapy employs delivery of several gray of radiation per patient and a few tens of gray 916 

each day to groups of patients. Interventional procedures could also deliver skin doses in the 917 

range of a few gray to specific patients. The level of radiation employed in radiography practice 918 

is much lower than the above two examples and also the probability of significant over-919 

exposure is lower, unless a wrong patient or wrong body part is irradiated. The radiation doses 920 

to patients from CT examinations are also relatively high and thus the need for RP is 921 

correspondingly greater. Another factor that should be taken into account is the number of times 922 

a procedure such as CT may be repeated on the same patient. 923 

The practice of interventional cardiology involves high localised radiation doses to patients 924 

which may induce skin injuries. Therefore, it has been suggested that as the amount of radiation 925 

usage in cardiology grows to match that in interventional radiology, the standards of training on 926 

radiation effects, radiation physics and RP in interventional cardiology should also match those 927 

in interventional radiology.   928 

 929 

4.4 Continuing Medical Education 930 

 931 

With many medical schools using computer-based tools for their curricula as well as continuing 932 

education, it seems reasonable that the same approach could be employed for continuing 933 

education on radiation biology and radiation exposures in medicine. According to studies of 934 

medically-related online learning, there are several key factors to consider when designing 935 

material for this environment, three of which are: user requirements, available support by the 936 

developing organization, and adaptability to varying contexts 937 

938 
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Chapter 5: Certification of the training 939 

 940 

This chapter gives recommendations for the accreditation of organisations who give the training 941 

and advice on the certification of individuals.  This includes information on the minimum 942 

requirements and the experience necessary for the course lecturers.  The importance of 943 

obtaining feedback from participants about such courses is stressed in order to ensure that the 944 

training is suitable for their level of responsibility.  The need to evaluate the knowledge gained 945 

from the training is discussed and examples of tests that could be used are given.  It is 946 

recommended that universities and scientific societies collaborate in the organisation and 947 

accreditation of courses in order to ensure that appropriate training programmes are in place. 948 

The regulatory authorities will have a role in enforcement to encourage participation.  949 

International organisations can provide training material suitable for use on RP courses. The 950 

radiology equipment suppliers are well placed to play an important role in providing training 951 

relating to the effective use of new imaging systems.   952 

 953 

5.1 Terminology 954 

 955 

The medical and other healthcare professionals involved with medical exposures will need to 956 

attend formal accredited training courses. They may receive some components of training, 957 

particularly practical aspects from local centres and all the training received should be formally 958 

recorded.  The formal courses will need to provide certification for the individuals trained.  959 

In the context of this document, the terms accreditation and certification should be understood 960 

in the following way: 961 

Accreditation - means that an organization has been approved by an authorised body to provide 962 

training to medical professionals on the RP aspects of the use of diagnostic or interventional 963 

radiation procedures in medicine. The accredited organization is required to meet standards that 964 

have been set by the authorised body for such training.  965 

 Certification - means that an individual medical or clinical professional has successfully 966 

completed training provided by an accredited organization on the RP aspects of the diagnostic 967 

or interventional procedures to be practiced by the individual. The individual must demonstrate 968 

competence in the subject matter in a manner required by the accredited body. 969 
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The standards that an accredited body must meet, and the manner in which a certified individual 970 

demonstrates competence will differ for different types of medical and clinical professionals, for 971 

different medical modalities, for different methods of training, and for different countries. This 972 

document does not intend to state the standards (for accreditation) or the methods to 973 

demonstrate competency (for certification), but provides guidance on the requirements. 974 

 975 

5.2 Criteria for accreditation of organizations to provide training in 976 

RP 977 

 978 

Minimum requirements: 979 

The minimum requirements for accreditation of a training programme should take account of all 980 

the aspects involved. These should include enough administrative support, guarantees for the 981 

archiving of files, diplomas, etc. for a minimum number of years, enough didactic support 982 

(classroom, audio-visual support, etc.), teachers qualified in the topics to be taught and with 983 

experience in hospital medical physics, instrumentation for practical exercises, and availability 984 

of clinical installations for practical sessions. Locations where practical training is provided 985 

should be medical installations and not only laboratory or computer based simulation exercises. 986 

 987 

Lecturers experience: 988 

Lecturers in the training courses must have previous experience in RP in medical installations 989 

and in practical work in a clinical environment (normally a medical physicist). Trainers 990 

participating in these activities should meet the local requirements and demonstrate enough 991 

knowledge in the RP aspects of the procedures performed by the medical specialists involved in 992 

the training activity (e.g. to train cardiologists in RP, trainers should demonstrate previous 993 

practical experience in the RP aspects in cardiac laboratories). This experience may be obtained 994 

through observation and working with medical staff to optimize technique with regard to 995 

radiation dose, but it could require in some countries or regions, the organization of some 996 

activities to “train the trainers”. Attendance at lectures given by medical staff in RP courses and 997 

involvement in discussion during the courses may also be a useful component in the 998 

development of the trainer’s knowledge of techniques and practices. 999 

 1000 

Feedback from participants 1001 
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Part of the follow up to maintain the accreditation of the organizations providing the training 1002 

should be analyses of results from surveys of participant responses at the end of the training 1003 

courses or training activities. These surveys should include aspects on the educational content, 1004 

methodology, training material, practical work, duration of the training, and appropriateness of 1005 

the lecturers to train in the specific topics. 1006 

 1007 

5.3 Assessment to confirm successful completion of training 1008 

 1009 

Training activities in RP should be followed by an evaluation of the knowledge acquired from 1010 

the training programme. This will allow the certification of the training for the attendants 1011 

(required in some countries by the Regulatory or Health Authorities), and verify and improve 1012 

the quality and the appropriateness of the lectures and the training programme (audit of the 1013 

training activity). In some training Institutions this audit is already a routine included in the 1014 

quality management system.  1015 

Several evaluation methods can be considered. A simple test of multiple-choice questions may 1016 

be used to evaluate the knowledge of the attendants and score some of the key aspects to 1017 

identify the possible weaknesses in the training programmes. This method has the advantage of 1018 

needing only 30-60 min and of allowing easy processing of the results with conventional 1019 

computer software. Other classical evaluation methods such as written examinations, personal 1020 

interview, automatic  computer evaluation answering a set of questions, continuous assessment 1021 

during the training programme, etc, can also be considered.  1022 

In some countries, a system for accrediting RP training programmes could be established at 1023 

national or regional level. This process may be undertaken by the Regulatory or Health 1024 

Authorities, with the help of Academic Institutions (Universities) and scientific or professional 1025 

societies or by the academic institution or professional societies themselves. A register of 1026 

accredited bodies should also be established. 1027 

 1028 

Diplomas 1029 

Basic details should be given in the diplomas or certificates awarded to those attending a 1030 

training programme in RP. This should include the centre conducting the training, the number of 1031 

accredited training hours, process of accreditation: examination or other form of assessment, 1032 
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date of the training, and the name of the academic staff member(s) with responsibility for the 1033 

training programme. 1034 

The state of knowledge of RP evolves, and the radiation techniques used develop, change and 1035 

expand with time.  Therefore certification in RP should be limited in time and renewal should 1036 

require staff to participate in periodic refresher activities. 1037 

 1038 

5.4 Roles of Various Organisations in RP Training 1039 

 1040 

5.4.1 Universities, Training Institutions and Scientific Societies 1041 

 1042 

Universities, Training Institutions and Scientific Societies may all have an important role in the 1043 

promotion, organization and accreditation of the training activities in RP for medical exposures. 1044 

They have the scientific knowledge, the experience, the infrastructure and the capability to 1045 

select the best lecturers for such courses or seminars. The involvement of the relevant medical, 1046 

radiology, nuclear medicine and medical physics scientific societies is a key factor in attracting 1047 

different clinicians to the training programmes. These societies also have the capability to 1048 

include refresher courses on RP in their scientific congresses with a high impact on the 1049 

audience. Societies of radiology, nuclear medicine, interventional cardiology, vascular surgery, 1050 

and other relevant specialties should offer and promote refresher courses on RP during major 1051 

scientific congresses.  1052 

 1053 

5.4.2 Regulatory and Health Authorities 1054 

 1055 

Regulatory and Health Authorities have the capability of enforcing some levels of RP training 1056 

and certification for those involved in medical exposures and to decide if a periodic update 1057 

could be necessary for some groups of specialists. They also have the capacity to direct 1058 

resources for these training programmes, to promote and coordinate the preparation of training 1059 

material, and in some cases, to maintain a register of the certified professionals.  1060 

 1061 
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5.4.3 International Organizations 1062 

 1063 

Some international organizations (e.g. ICRP, IAEA, WHO, EC, etc) can give recommendations 1064 

on the content (including educational specific objectives) and number of hours of recognized 1065 

training for the different professional groups and criteria for accreditation and certification. 1066 

They can also produce or coordinate the preparation of training material and offer it at the WEB 1067 

sites of the Organizations.  1068 

 1069 

5.4.4 The Radiology Industry 1070 

 1071 

The radiology industry has an important role in RP training for the new technologies. The 1072 

industry should produce training material in parallel with the introduction of new x-ray or 1073 

imaging systems, to promote the advances in RP of patients and to alert operators about the 1074 

impact on patient doses if the new modalities are not used properly. 1075 

 1076 

 5.4.5 Organization and financing of the training 1077 

 1078 

A critical issue that has to be taken into account by the regulatory bodies and health authorities 1079 

when requiring certification in RP for medical professionals is the available infrastructure for 1080 

organization of the training programmes and the financial requirements. 1081 

In some countries or regions, the cooperation of international organizations (e.g. IAEA, WHO, 1082 

PAHO, EC, etc) could be helpful in initiating the activities through the organization of pilot 1083 

courses and provision of training material to train the trainers. Later, RP training could be 1084 

extended with the cooperation of universities, research centers and scientific or professional 1085 

societies (e.g. medical physics, radiology, nuclear medicine, cardiology, etc). 1086 

Provision of financial support for training is a critical issue. If certification in RP is required for 1087 

some practices (e.g.  interventional cardiology), the certificate should be required before a 1088 

professional is involved in practicing the specialty at a specific center. If the requirement is 1089 

introduced in a country once the professionals are already working in the specialty, the different 1090 

healthcare providers will need to make the resources available to train their own professionals in 1091 

RP. 1092 

1093 
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Summary of ICRP recommendations  1094 

 1095 

1) This guidance should be considered by the cognizant regulators, health authorities, and 1096 

professional bodies with responsibility for RP in medicine, as well as the industry that 1097 

produces and markets the equipment used in medical x-ray and nuclear medicine 1098 

procedures. This guidance should also be considered by universities and other academic 1099 

institutions responsible for the education of professionals involved in the use of 1100 

radiation in healthcare.  1101 

2) The physicians and other health professionals involved in the procedures that irradiate 1102 

patients should always be trained in the principles of RP, including the basic principles 1103 

of physics and biology (from ICRP-103). 1104 

3) There should be RP training requirements for physicians, dentists and other health 1105 

professionals who request, conduct or assist in medical or dental procedures that utilise 1106 

ionising radiation in diagnostic and interventional procedures, nuclear medicine and 1107 

radiation therapy. The final responsibility for the radiation exposure lies with the 1108 

physician providing the justification for the exposure being carried out, who therefore 1109 

should be aware of the risks and benefits of the procedures involved (from ICRP-105). 1110 

4) Education and training, appropriate to the role of each category of physician, should be 1111 

given at medical schools, during the residency and in focused specific courses. There 1112 

should be an evaluation of the training, and appropriate recognition that the individual 1113 

has successfully completed the training. In addition, there should be corresponding RP 1114 

training requirements for other clinical personnel that participate in the conduct of 1115 

procedures utilising ionising radiation or in the care of patients undergoing diagnoses or 1116 

treatments with ionising radiation (from ICRP-105). 1117 

5) The need for adequate resources for the education and training in RP for future 1118 

professional and technical staff who request or partake in radiological practices in 1119 

medicine must be recognised. Training programmes should include initial training for 1120 

all incoming staff, regular updating and retraining, and certification of the training 1121 

(from ICRP-105). 1122 

6) It is important that the medical profession and other healthcare professionals understand 1123 

the hazards from radiation in order to avoid the creation of unnecessary risks to the 1124 

population as a whole. Lack of knowledge may result in more imaging tests being 1125 
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requested when other non-radiation tests could be performed or when different lower 1126 

dose imaging tests could be carried out. This is particularly important for CT scans 1127 

which involve relatively high doses to patients. 1128 

7) The basic rule in prescription of any medical exposure is that it must be justified in 1129 

terms of the influence it will have on the management of the patient and this should 1130 

always be followed. 1131 

8) It is essential that courses on RP for medical professionals are perceived as relevant and 1132 

necessary, and require only a limited commitment of time so that individuals can be 1133 

persuaded of the advantages of attending. 1134 

9) RP education and training for medical staff should be promoted by the Regulatory and 1135 

Health Authorities. RP education programmes should be implemented by the heath care 1136 

providers and Universities and coordinated at local and national levels to provide 1137 

courses based on agreed syllabuses and similar standards.  1138 

10) Scientific and professional societies should contribute to the development of the 1139 

syllabuses, and to the promotion and support of the education and training. Scientific 1140 

congresses should include refresher courses on RP, attendance at which could be a 1141 

requirement for continuing professional development for professionals using ionizing 1142 

radiation. 1143 

11) Professionals involved more directly in the use of ionizing radiation should receive 1144 

education and training in RP at the start of their career, and the education process 1145 

should continue throughout their professional life as the collective knowledge of the 1146 

subject develops. It should include specific training on related RP aspects as new 1147 

equipment or techniques are introduced into a centre. 1148 

12) Interventional procedures can involve high doses of radiation and the special 1149 

radiological risk needs to be taken into account if deterministic effects on the skin are to 1150 

be avoided. ICRP has proposed in its Publication 85 a second level of RP training for 1151 

interventional radiologists and cardiologists, additional to that undertaken for diagnostic 1152 

radiology.  1153 

13) Training in RP given to interventional cardiologists in most countries is limited. The 1154 

Commission considers that provision of more RP training for this group should be a 1155 

priority. 1156 
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14) Education in RP needs to be given to prescribers of imaging techniques using ionizing 1157 

radiation and to medical and dental students. Prescribers need to be familiar with 1158 

referral criteria appropriate for the range of examinations that they are likely to request.  1159 

15) Training programmes need to be devised for a variety of different categories of medical 1160 

and clinical staff with greater or lesser involvement with medical exposures. 1161 

16) Training for healthcare professionals in RP should be related to their specific jobs and 1162 

roles.  1163 

17) Medical Physicists working in RP and diagnostic radiology should have the highest 1164 

level of training in RP as they have additional responsibilities as trainers in RP for most 1165 

of the clinicians. 1166 

18) Nurses and other healthcare professionals assisting in fluoroscopic procedures require 1167 

knowledge of the risks and precautions to minimize their exposure and that of others.  1168 

19) Maintenance engineers currently receive some training in RP, but this may be primarily 1169 

focussed on RP of staff. Training on RP of patients needs to be expanded, particularly 1170 

in relation to digital radiology and new equipment. 1171 

20) The Commission recommends training for radionuclide laboratory staff related to their 1172 

practice. This may be of rather longer duration as staff members may work with 1173 

radionuclides on a full time basis. 1174 

21) Staff from the enforcing authority will need to receive a limited amount of RP training. 1175 

This should include aspects of optimisation and practical RP.   1176 

22) Education and training in RP should be complemented by formal examination systems 1177 

to test competency before the person is awarded a certification that entitles him/her to 1178 

practice the activity using ionizing radiation. 1179 

23) The Commission recommends that a stronger emphasis is placed on transfer of 1180 

knowledge of RP and its application to prescribers. This recommendation applies 1181 

particularly to practitioners and medical specialists outside radiological specialisations. 1182 

Since all medical professionals are likely to prescribe medical exposures, the 1183 

Commission recommends that basic education in RP for physicians be given as part of 1184 

the medical degree.  1185 

24) A key component in the success of any training programme is to convince the engaged 1186 

personnel about the importance of the principle of optimization in RP so that they 1187 

implement it in their routine practice. In order to achieve this, the training material must 1188 
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be relevant and presented in a manner that the clinicians can relate to their own 1189 

situation. 1190 

25) Priority topics to be included in the training will depend on the involvement of the 1191 

different professionals in medical exposures. A useful orientation on some of the topics 1192 

to be included in the education programme on RP for medical students could be the 1193 

ICRP Publication “Radiation and your patient: a Guide for medical practitioners”. 1194 

26) A training programme in RP for healthcare professionals has to be oriented towards the 1195 

type of training to which the target audience is accustomed. Practical training should be 1196 

in a similar environment to the one in which the participants will be practising. 1197 

27) The Commission urges professional societies for relevant medical and RP staff to work 1198 

together to develop continuing education in collaboration with healthcare providers. 1199 

28) The primary trainer in RP should normally be a person who is an expert in RP in the 1200 

practice with which he or she is dealing (normally a medical physicist). That means a 1201 

person having knowledge about the clinical practice in the use of radiation, 1202 

29) Lecturers in training courses must have previous experience in RP in medical 1203 

installations and in practical work in a clinical environment. Trainers participating in 1204 

these activities should meet the local requirements and demonstrate enough knowledge 1205 

in the RP aspects of the procedures performed by the medical specialists involved in the 1206 

training activity. 1207 

30) Training activities in RP should be followed by an evaluation of the knowledge 1208 

acquired from the training programme. This will allow the certification of the training 1209 

for the attendants. Basic details should be given in the diplomas or certificates awarded 1210 

to those attending a training programme in RP. 1211 

31) Because of the magnitude of the requirement for RP training, it may be worthwhile for 1212 

organizations to develop online evaluation systems. The Commission is aware that such 1213 

online methods are currently available mainly from organizations that deal with 1214 

examinations carried out on a large scale. The development of self-assessment 1215 

examination systems is also encouraged. 1216 

32) With many medical schools using computer-based tools for their curricula as well as 1217 

continuing education, it seems reasonable that the same approach could be employed 1218 

for continuing education on radiation biology and radiation exposures in medicine. 1219 
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33) The minimum requirements for accreditation of a training programme should take 1220 

account of all the aspects involved. These should include enough administrative 1221 

support, guarantees for the archiving of files, diplomas, etc. for a minimum number of 1222 

years, enough didactic support, teachers qualified in the topics to be taught and with 1223 

experience in hospital medical physics, instrumentation for practical exercises, and 1224 

availability of clinical installations for practical sessions.  1225 

34) Part of the follow up to maintain the accreditation of the organizations providing the 1226 

training should be analyses of results from surveys of participant responses at the end of 1227 

the training courses or training activities.  1228 

35) Regulatory and Health Authorities have the capability of enforcing some levels of RP 1229 

training and certification for those involved in medical exposures and to decide if a 1230 

periodic update could be necessary for some groups of specialists. They also have the 1231 

capacity to direct resources for these training programmes, to promote and coordinate 1232 

the preparation of training material, and in some cases, to maintain a register of the 1233 

certified professionals. 1234 

36) The radiology equipment manufacturers have an important role in RP training for new 1235 

technologies. The radiology industry should produce training material in parallel with 1236 

the introduction of new x-ray or imaging systems, to promote the advances in RP of 1237 

patients. The equipment manufacturers should alert operators about the impact of their 1238 

technologies on patient doses if the equipment is not used properly. 1239 

37) A critical issue that has to be taken into account by the regulatory bodies and health 1240 

authorities when requiring certification in RP for medical professionals is the available 1241 

infrastructure for organization of the training programmes and the financial 1242 

requirements.  1243 

38) If certification in RP is required for some practices (e.g.  interventional cardiology), the 1244 

certificate should be required before a professional is involved in practicing the 1245 

specialty at a specific center. If the requirement is introduced in a country once the 1246 

professionals are already working in the specialty, the different healthcare providers 1247 

will need to make the resources available to train their own professionals in RP. 1248 

1249 
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 1279 

Annex A. Examples of suggested content for training courses 1280 

 1281 

Examples of material that is recommended for inclusion in RP training relating to different 1282 

types of medical exposures are given. The style and arrangement of the content varies, but 1283 

different approaches are included to provide ideas and examples. This material will be in 1284 

addition to the core content outlined at the end of Chapter 2. 1285 

 1286 

A.1 Nuclear Medicine [Category 2 (Table 1) and 9 (Table 2)] 1287 

 1288 

The following subjects should be included in the training and education regarding optimization 1289 

of RP while administering radiopharmaceuticals to patients for purposes of diagnosis: 1290 

a. Justification of exposure, assuring a positive balance of benefit versus risk. Decisions 1291 

should be based on scientific evidence and clinical experience that appropriate indications 1292 

fulfill the above condition. Existing guidance, e.g. that prepared by the EU [EC, 200b] on 1293 

indications for the use radiology procedures is a good example. Training should include 1294 

information on the proportion of cases for which there is a possibility of using other 1295 

imaging modalities, not exposing the patient to ionizing radiation. 1296 

b. Activities of radiopharmaceuticals used for specific diagnostic procedures, taking into 1297 

account diagnostic reference levels. 1298 

c. Choice of the radiopharmaceutical from the standpoint of clinical indications 1299 

d. Organ and effective doses from different radiopharmaceutical examinations, and the 1300 

effect of age (mSv/MBq). 1301 

e. Magnitude of risk as a function of age. 1302 

f. Choice of the radiopharmaceutical from the standpoint of magnitude of organ or tissue 1303 

and effective dose 1304 

g. Choice of the radiopharmaceutical from the standpoint of economic considerations and 1305 

availability (logistics). 1306 
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h. Specific conditions for identification of pregnant patients and limitations placed on 1307 

nuclear medicine diagnostics in pregnancy. 1308 

i. Modifications of activity to be administered, related to body mass and/or age (infants, 1309 

children, adolescents). 1310 

j. Possible relaxation of the restriction on the amount of activity administered in oncology 1311 

diagnostics. 1312 

k. Enhancing elimination of radiopharmaceuticals in order to reduce exposure. 1313 

l. Special protection of the fetus in nuclear medicine diagnostics of the mother; indications 1314 

and contraindications for some procedures. 1315 

m. Nuclear medicine diagnostics in breast feeding females; temporal and/or complete 1316 

abandoning of breast feeding as a function of the radiopharmaceutical and administered 1317 

activity. 1318 

n. Action to be taken following misadministration 1319 

o. Exposure of volunteers in medical research, involving administration of 1320 

radiopharmaceuticals – justification, conditions, requirements – ethical and legal. 1321 

p. Role of quality management and control in optimization of RP. 1322 

q. Requirement for adherence to authorized procedures. 1323 

r. Purpose and scope of audits – internal and external. 1324 

s. Recommendations for patients leaving nuclear medicine units after diagnostic procedures 1325 

(very limited). 1326 

 1327 

Additional RP aspects for Therapeutic Nuclear Medicine procedures 1328 

(This is included since nuclear medicine specialists will not usually attend RP courses for 1329 

radiotherapy.) 1330 

a. Protection of patients undergoing therapy with radiopharmaceuticals and personnel 1331 

preparing and administering radiopharmaceuticals. 1332 
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b. Indications and adherence to authorized procedures. In research: acceptance by the 1333 

ethical commission. 1334 

c. Clinical consequences of administration to a pregnant patient or a patient becoming 1335 

pregnant in the weeks following a radionuclide therapy. 1336 

d. Periods for which female should avoid conception following radionuclide therapy. 1337 

e. Treatment of the mother with radionuclide therapy during pregnancy – dilemmas and 1338 

limitations (exclusions). 1339 

f. Instructions to patients leaving the nuclear medicine unit after therapy with 1340 

radiopharmaceuticals, particularly with 131I iodides administered for treatment of thyroid 1341 

cancer and hyperthyroidism. 1342 

 1343 

Protection of personnel in nuclear medicine. 1344 

a. General rules for work with unsealed sources, 1345 

b. Special protection of hands (fingers) of radiopharmacists in labeling the ligands with 1346 

 high activities of 99mTc.  1347 

c. Monitoring of finger doses and protection while injecting patients for diagnostic1348 

 purposes. 1349 

d. Potential risks of high doses from handling of therapeutic radionuclide (high energy beta 1350 

emitters)  1351 

e. Risks from  handling alpha-emitting radionuclides (where this is carried out) 1352 

f. Monitoring of exposure of the personnel dealing with high activities of 131I. 1353 

g. Reasons for exclusion of pregnant workers from activity in controlled areas. 1354 

 1355 

RP for personnel working in PET/CT  1356 
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Overall objective: To become familiar with PET/CT technology, operational principles, 1357 

safe design of facilities, dosimetry relating to staff and patients and the RP considerations 1358 

relating to the use of this emerging technique. 1359 

a. Basic PET/CT technology including cyclotron, PET scanners, CT scanners and the 1360 

merging of the two technologies into PET/CT 1361 

b. National and international requirements for medical exposure in PET/CT: 1362 

responsibilities, training, justification, optimization of RP, diagnostic reference levels, 1363 

and dose calculations 1364 

c. PET/CT procedures from the patient perspective, including patient preparation, 1365 

administration of the radiopharmaceutical, imaging and discharge of the patient.   1366 

d. Factors that influence patient dose especially for paediatric and female patients. 1367 

e. Factors taken into account to minimize staff and member of the public doses when 1368 

designing a new PET/CT and/or cyclotron facility, including shielding and layout issues 1369 

f. Protective equipment (and its efficacy) for reduction of staff doses in cyclotron and 1370 

PET/CT facilities: from shielding to handling devices and personal protective equipment 1371 

(PPE). 1372 

g. Personal and workplace monitoring; type of monitors, where, who and when to monitor, 1373 

and decontamination procedures. 1374 

h. Staff doses received from PET/CT and how the basic principles of RP can be used to 1375 

minimize them.  This includes pregnant staff, visitors to the unit, and friends and relatives 1376 

of the patient. 1377 

i. Aspects of a PET/CT facility: transport of the radionuclide, accounting, security of 1378 

sources and waste management at the facility 1379 

j. Organization of RP programme, safety / risk assessment, designation of areas, the written 1380 

procedures and local rules to ensure the safe operation of the PET/CT unit and production 1381 

facilities and emergency procedures. 1382 

k. QC needed on the production of the radiopharmaceutical and optimization of RP with 1383 

regard to each PET and CT scanner, and their combined usage. 1384 

 1385 
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A.2 Interventional Radiology (Category 1, Table 1) 1386 

(adapted from EC, 2000a) 1387 

Those working in interventional radiology should have the knowledge to do the following.  1388 

1. X-ray systems for interventional radiology. 1389 

a. To explain the effect of high additional filtration (e.g. copper filters) on 1390 

conventional x-ray beams. 1391 

b. To explain the virtual collimation and the importance of wedge filters. 1392 

c. To explain the operation of continuous and pulsed x-ray emission modes. 1393 

d. To explain the benefits of the grid controlled x-ray tube when using pulsed 1394 

beams. 1395 

e. To explain the concept of road mapping. 1396 

f. To explain temporal integration and its benefits in terms of image quality. 1397 

g. To analyse changes in the dose rate when varying the distance from image 1398 

intensifier to patient. 1399 

2. Dosimetric quantities specific for interventional radiology. 1400 

a. To define the dose area product (DAP) (or kerma-area product) and its units. 1401 

b. To define entrance dose and entrance dose rate in fluoroscopy. 1402 

c. To understand the cumulative air kerma and its relationship to entrance dose.  1403 

d. To discuss the correlation between entrance surface dose and DAP.  1404 

e. To discuss the relationship between DAP and effective dose.  1405 

f. To correlate the dose upon entry into the patient with the dose at the exit surface 1406 

and the dose at the intensifier input surface.  1407 

3. Radiological risks in interventional radiology. 1408 

a. To describe deterministic effects that may be observed in interventional 1409 

radiology. 1410 
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b. To analyse the risks of deterministic effect induction as a function of the surface 1411 

doses received by the patients.  1412 

c. To be aware of the probability of these effects in interventional practice 1413 

d. To analyse the relationship between received doses and deterministic effects in 1414 

the lens of the eye.  1415 

e. To be aware of the likely time intervals between irradiation and occurrence of 1416 

the different deterministic effects, the required follow-up and control of 1417 

patients.  1418 

f. To analyse the stochastic risks in interventional procedures and their age 1419 

dependence.  1420 

4. RP of the staff in interventional radiology. 1421 

a. To comment on the most important factors which influence staff doses in 1422 

interventional radiology laboratories.  1423 

b. To analyse the influence of the x-ray C-arm positioning on occupational doses.  1424 

c. To analyse the effects of using different fluoroscopy modes on occupational 1425 
doses.  1426 

d. To analyse the effects of using personal protection (e.g. leaded aprons, thyroid 1427 
collars, lead glasses, gloves, etc.).  1428 

e. To analyse the benefits and drawbacks of using articulated screens suspended 1429 
from the ceiling.  1430 

f. To understand the benefit of protecting the legs using lead rubber drapes.  1431 

g. To understand the importance of the suitable location of personal dosimeters.  1432 

5. RP of patients in interventional radiology. 1433 

a. To analyse the correlation between fluoroscopy time and number of images 1434 
taken in a procedure and the dose received by patients.  1435 

b. To analyse the effects of using different fluoroscopy modes on patient doses.  1436 

c. To discuss the effects of the focus to skin distance and patient image intensifier 1437 
input distance.  1438 

d. To analyse the dose reductions attainable by modifying the image rate in digital 1439 
acquisition or in cine.  1440 
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e. To give typical examples of patient entrance dose value per image in different 1441 
procedures.  1442 

f. To analyse the effect of using different magnifications on patient dose.  1443 

g. To discuss the parameters which should be recorded in the patient history 1444 
regarding (or with reference to data on) the doses received. 1445 

6. Quality assurance (QA) in interventional radiology. 1446 

a. To discuss the difference between equipment performance parameters that 1447 
usually do not downgrade with time and those that could require periodic 1448 
control. 1449 

b. To understand how image quality can be assessed. 1450 

c. To discuss the importance of establishing simple criteria to compare doses at the 1451 
patient or intensifier entrance in different situations. 1452 

d. To note the importance in QA programmes of the periodic control of patient 1453 
dose and its comparison with “diagnostic reference levels DRLs” (in this case, 1454 
DRLs are not used in the strict sense of “diagnostic”, but for the patient dose 1455 
derived from the imaging part of the interventional procedure). 1456 

e. Local and international rules for interventional radiology. 1457 

f. To discuss the different national regulations which apply in interventional 1458 
radiology installations. 1459 

g. To describe the international recommendations for interventional radiology 1460 
(WHO, IAEA, ICRP, EC, etc.). 1461 

h. To provide information on the international recommendations concerning the 1462 
limitation of high-dose modes. 1463 

7. Procedure optimization with regard to radiation dose in interventional radiology. 1464 

a. To understand the influence of kVp and mA on image contrast and patient dose 1465 
when using contrast media.  1466 

b. To understand the different features available on radiology equipment. 1467 

c. To note the importance of optimization of RP in interventional radiology 1468 
radiation procedures.  1469 

d. To discuss the importance of DRLs related to the patient dose at local, national 1470 
and international levels.  1471 

e. To analyse the importance of periodic patient dose control in each room. 1472 

f. To discuss the possibility of using different C-arm orientations during long 1473 
procedures in which the threshold for deterministic effects may be attained.  1474 

g. To analyse the importance of recording the dose imparted to every patient.  1475 
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 1476 
A.3 Interventional Cardiology (Category 3, Table 1) (see also Rehani 2007) 1477 

 1478 

Those working in interventional cardiology should have the knowledge to do the following.  1479 

1. X-ray systems for interventional cardiology. 1480 

a. To explain the effect of high additional filtration (e.g. copper filters) on 1481 
conventional x-ray beams.  1482 

b. To explain virtual collimation  1483 

c. To explain the operation of continuous and pulsed x-ray emission modes.  1484 

d. To analyse changes in the dose rate when varying the distance from image 1485 
intensifier to patient.  1486 

2. Dosimetric quantities specific for interventional cardiology. 1487 

a. To define the dose area product (DAP) (or kerma-area product) and its units.  1488 

b. To define entrance dose and entrance dose rate in fluoroscopy. 1489 

c. To understand the cumulative air kerma and its relationship to entrance dose.  1490 

d. To discuss the correlation between entrance surface dose and DAP.  1491 

e. To discuss the relationship between DAP and effective dose.  1492 

3. Radiological risks in interventional cardiology. 1493 

a. To describe deterministic effects that may be observed in interventional 1494 
cardiology.  1495 

b. To analyse the risks of deterministic effect induction as a function of the 1496 
surface doses received by the patients.  1497 

c. To analyse the relationship between received doses and deterministic effects in 1498 
the lens of the eye.  1499 

d. To be aware of the likely time intervals between irradiation and occurrence of 1500 
the different deterministic effects, the required follow-up and control of 1501 
patients.  1502 

e. To analyse the stochastic risks in interventional procedures and their age 1503 
dependence.  1504 

4. RP of the staff in interventional cardiology. 1505 

a. To comment on the most important factors which influence staff doses in 1506 
interventional cardiology laboratories.  1507 

b. To analyse the influence of the x-ray C-arm positioning on occupational doses.  1508 
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c. To analyse the effects of using different fluoroscopy modes on occupational 1509 
doses.  1510 

d. To analyse the effects of using personal protection (e.g. leaded aprons, thyroid 1511 
collars, lead glasses, gloves, etc.).  1512 

e. To analyse the benefits and drawbacks of using articulated screens suspended 1513 
from the ceiling.  1514 

f. To understand the benefit of protecting the legs using lead rubber drapes.  1515 

g. To understand the importance of the suitable location of personal dosimeters.  1516 

5. RP of patients in interventional cardiology. 1517 

a. To analyse the correlation between fluoroscopy time and number of images 1518 
taken in a procedure and the dose received by patients.  1519 

b. To analyse the effects of using different fluoroscopy modes on patient doses.  1520 

c. To discuss the effects of the focus to skin distance and patient image intensifier 1521 
input distance.  1522 

d. To analyse the dose reductions attainable by modifying the image rate in digital 1523 
acquisition or in cine.  1524 

e. To give typical examples of patient entrance dose value per image in different 1525 
procedures.  1526 

f. To analyse the effect of using different magnifications on patient dose.  1527 

6. Quality assurance (QA) in interventional cardiology. 1528 

a. To discuss the difference between equipment performance parameters that 1529 
usually do not downgrade with time and those that could require periodic 1530 
control. 1531 

b. To understand how image quality can be assessed. 1532 

c. To note the importance in QA programmes of the periodic control of patient 1533 
dose and its comparison with “diagnostic reference levels DRLs” (in this case, 1534 
DRLs are not used in the strict sense of “diagnostic”, but for the patient dose 1535 
derived from the imaging part of the interventional procedure). 1536 

d. To discuss the different national regulations which apply in interventional 1537 
cardiology installations. 1538 

e. To provide information on the international recommendations concerning the 1539 
limitation of high-dose modes. 1540 

7. Procedure optimization in interventional cardiology. 1541 

a. To understand the different features available on cardiology equipment and 1542 
their influence on patient dose and image quality. 1543 

b. To note the importance of optimization of RP in interventional cardiology 1544 
radiation procedures.  1545 
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c. To discuss the importance of DRLs related to the patient dose at local, national 1546 
and international levels. 1547 

d. To discuss the possibility of using different C-arm orientations during long 1548 
procedures in which the threshold for deterministic effects may be attained.  1549 

e. To analyse the importance of recording the dose imparted to every patient.  1550 

 1551 

A.4 Theatre fluoroscopy using mobile equipment [Category 4 (Table 1)  1552 
and 11 (Table 2)] 1553 

Those involved in the use of mobile fluoroscopy equipment should have the knowledge to 1554 
do the following. Topics recommended for those who assist in procedures (categories 6 and 1555 
12) are marked with an asterisk *. 1556 

1. X-ray systems. 1557 

a. To explain the operation of continuous and pulsed x-ray emission modes. 1558 

b. To analyse changes in the dose rate when varying the distance of the x-ray tube 1559 
from the patient, and the x-ray tube to image receptor distance. 1560 

c. To define the DAP, entrance dose and entrance dose rate and their units. 1561 

d. To discuss the relationship between DAP and effective dose. 1562 

e. To understand the stochastic risks in mobile fluoroscopy  1563 

2. RP of the staff. 1564 

a. To analyse the influence of the x-ray C-arm positioning on occupational doses 1565 
and the implications of using different C-arm orientations. * 1566 

b. To understand the effects of using personal protection (e.g. leaded aprons, 1567 
gloves, eyeglasses, thyroid protectors, etc.). * 1568 

c. To understand the importance of the suitable location of personal dosimeters. * 1569 

3. RP of patients. 1570 

a. To analyse the correlation between fluoroscopy time, number of images taken 1571 
in a procedure and dose received by patients. * 1572 

b. To analyse the effects of using different fluoroscopy modes on patient doses. * 1573 

c. To understand the influence of the x-ray tube to skin distance on patient skin 1574 
dose. * 1575 

d. To discuss the parameters which should be recorded in the patient history 1576 
relating to the doses received. 1577 

e. To discuss the importance of reference levels related to the patient dose at 1578 
local levels. 1579 

 1580 

1581 
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Annex B: Outline of specific educational objectives for paediatric 1582 

radiology 1583 

 1584 

The factors relating to images quality and patient dose are more complex in paediatric radiology 1585 
because of the variations in patient size. They are also more critical because of the greater 1586 
radiosensitivity of tissues of paediatric patients. Therefore more detail is included to remind 1587 
those designing RP courses of the factors that should be included. 1588 

(1) General, equipment and installation considerations. 1589 

1.1 To justify the requirements concerning the power of the generator and its relationship with 1590 
the need for short exposure times (3 milliseconds). 1591 

1.2 To explain the convenience of high frequency generators in relation to the accuracy and 1592 
reproducibility of exposures in paediatrics. 1593 

1.3 To discuss the advantages and limitations of automatic exposure control (AEC) devices in 1594 
paediatrics. 1595 

1.4 To justify the specific technical requirements of the AEC devices for paediatrics. 1596 

1.5 To explain that careful manual selection of exposure factors usually results in lower doses. 1597 

1.6 To explain the design aspects to be considered in paediatric x-ray rooms for improving the 1598 
child’s cooperation (control panel with easy patient visibility and contact, etc.). 1599 

1.7 To discuss the advantages and limitations of fast film-screen combinations and lower 1600 
exposure factors for Computed Radiography. 1601 

1.8 To discuss the advantages of using low-absorbing materials in cassettes, tables, etc. 1602 

1.9 To analyse the limited improvement in image quality when using the anti-scatter grid in 1603 
paediatrics and the increase in patient dose. 1604 

1.10 To analyse the specific technical requirements of anti-scatter grids for paediatrics. 1605 

1.11 To explain how the anti-scatter grid should be removable in paediatric equipment, 1606 
particularly fluoroscopic systems. 1607 

1.12 To explain the convenience of using image intensifiers with high conversion factors for 1608 
reducing patient dose in fluoroscopic systems. 1609 

1.13 To justify the convenience of specific kV-mA dose rate curves for automatic brightness 1610 
control in fluoroscopic systems used for paediatrics. 1611 

1.14 To discuss the importance of using specific technical radiographic parameters for CT 1612 
examinations in paediatrics (lower mAs than for adults, and lower kV in some cases). 1613 

1.15 To analyse the special problems with the use of mobile x-ray units in paediatrics. 1614 

1.16 To explain the advantages and disadvantages of under-couch and over-couch fluoroscopy 1615 
units for paediatrics. 1616 
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1.17 To discuss the advantages and role of pulsed fluoroscopy. 1617 

1.18 To compare conventional and digital equipment and the role/use of frame-grab technique 1618 
in digital imaging. 1619 

1.19 To discuss value of cine playback (digital) and video playback (digital/conventional 1620 
fluoroscopy) in screening examinations. 1621 

1.20 To discuss the role of additional tube filtration. 1622 

(2) Reduction of exposure 1623 

2.1 To analyse the most frequent causes of repeating films in paediatrics – reject analysis, audit 1624 
and feedback. 1625 

2.2 To discuss how immobilisation can reduce the radiographic repeat rate. 1626 

2.3 To analyse the different immobilisation devices available for paediatric radiology to make 1627 
application atraumatic. The role of simple aids such as sticky tape, sponge wedges and sand 1628 
bags. 1629 

2.4 To explain how short exposure times can improve image quality and reduce the number of 1630 
films repeated. 1631 

2.5 To explain the inconvenience of using mobile x-ray units for paediatrics and the difficulty in 1632 
getting short exposure times. 1633 

2.6 To explain the importance of having radiographers with specific training in paediatric 1634 
radiology. 1635 

2.7 To discuss the importance of gonad protection in paediatric radiology and value of having 1636 
various sizes and types. 1637 

2.8 To analyse the importance of the collimation (in addition to the basic collimation 1638 
corresponding to the film size) in paediatric patients, particularly window protection for hips 1639 
and lateral collimation devices for follow-up scoliosis. 1640 

2.9 To discuss the importance of the correct patient positioning and collimation, particularly for 1641 
excluding the gonads from the direct beam. 1642 

2.10 To discuss the importance of establishing whether adolescent girls might be pregnant when 1643 
abdominal examinations are contemplated. 1644 

2.11 To discuss the fact that motion is a greater problem in children and could require specific 1645 
adjustment of radiographic techniques. 1646 

2.12 To discuss the importance of a proper consultative relationship between the referring 1647 
physician and the radiologist. Role of agreed protocols and diagnostic pathways. 1648 

2.13 To discuss some examples of radiological examination of questionable value in children 1649 
(like some follow-up chest radiographs in simple pneumonia, abdominal radiographs in 1650 
suspected constipation, etc.). 1651 

2.14 To explain that the repetition of a radiological examination in paediatrics should always be 1652 
decided by the radiologist. 1653 
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2.15 To discuss the convenience of using appropriate projections for minimizing dose in high 1654 
risk tissues (PA projections should replace AP where possible for spinal examinations). 1655 

2.16 To discuss the convenience of having additional filters available to enable them to be easily 1656 
changed (1 mm Al; 0.1 and 0.2 mm Cu should be available). 1657 

2.17 To discuss the value of having a dedicated paediatric room or complete sessions dedicated 1658 
to paediatric radiology. Experienced staff who can obtain the child’s confidence and 1659 
cooperation in a secure and child-friendly environment are of paramount importance in reducing 1660 
radiation doses in paediatrics. 1661 

2.18 To discuss the importance of having specific referral criteria, e.g. for head injury where the 1662 
incidence of injury is low. 1663 

2.19 To discuss referral criteria for all x-ray examination of children, especially those which 1664 
may be age-related, e.g. scaphoid not ossified, below age of 6 years, nasal bones cartilaginous 1665 
below age of 3 years. 1666 

2.20 To discuss high kV techniques. 1667 

2.21 To explain the value of using long focus patient distances. 1668 

2.22 To explain the importance of using the light beam diaphragm to move the patient into 1669 
position rather than screening during overcouch fluoroscopy procedures. 1670 

2.23 To discuss the need to adjust exposure factors for CT to suit the size of the patient and have 1671 
an agreed method for selecting these factors. 1672 

2.24 To understand the influence of imaging using lower mAs and kV values for paediatric CT.  1673 

2.25 To discuss the role of audit and quality assurance in maintaining or improving image 1674 
quality and dose. 1675 

 (3) Risk factors 1676 

3.1 To discuss the fact that longer life expectancy in children means a greater potential for 1677 
manifestation of possible harmful effects of radiation. 1678 

3.2 To consider that the radiation doses used to examine young children should generally be 1679 
smaller than those employed in adults. 1680 

3.3 To explain that the risk factor for cancer induction in children is between 2 and 3 times 1681 
higher than for adults, with emphasis on the developing breast and gonads and the more 1682 
widespread distribution of red bone marrow in the developing skeleton. 1683 

3.4 To discuss the risk factor for genetic effects in children. 1684 

3.5 To relate with the natural occurrence of congenital abnormalities. 1685 

3.6 To relate with the natural incidence of cancer. 1686 

(4) Patient dosimetry. Reference dose values. 1687 

4.1 To explain the specific difficulties of measuring patient doses in paediatrics. 1688 

4.2 To discuss the dosimetric techniques available for patient dosimetry in paediatrics. 1689 
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4.3 To discuss how patient dose values are related to patient size. 1690 

4.4 To analyse some typical patient reference dose values in paediatrics and their relation with 1691 
patient size. 1692 

4.5 To analyse the reference dose values available for paediatrics. 1693 

4.6 To discuss how to use reference dose values in paediatric radiology. 1694 

(5) Protection of personnel and parents 1695 

5.1 To analyse the possibility of parents cooperating in the radiological examination of their 1696 
children and the precautions to be taken. 1697 

5.2 To clarify that the parents’ exposure in this situation can be considered as a medical 1698 
exposure but that optimisation criteria must be applied. 1699 

5.3 To highlight that the parents or helpers should know exactly what is required of them. 1700 

5.4 To explain that pregnant women should not be allowed to help during paediatric 1701 
examinations. 1702 

5.5 To explain the importance of using lead aprons and lead gloves (if the hands are in the direct 1703 
radiation field) in these situations. 1704 

(6) International recommendations 1705 

6.1 To take into account the existence of relevant documents published by the ICRP, NCRP, EC 1706 
and WHO concerning RP in paediatric radiology. 1707 

 (7) Nuclear Medicine considerations 1708 

7.1 To explain the importance of having nuclear medicine technologists with specific training in 1709 
paediatric radiology. 1710 

7.2 To discuss the fact that motion is a greater problem in children and could require specific 1711 
adjustment of nuclear medicine techniques. 1712 

7.3 To discuss the importance of a proper consultative relationship between the referring 1713 
physician and the nuclear medicine specialist. 1714 

7.4 To explain that the repetition of a nuclear medicine examination in paediatrics should 1715 
always be decided by the nuclear medicine specialist. 1716 

7.5 To discuss how to determine the amount of activity to be administered to paediatric patients. 1717 

 1718 

1719 
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Annex C: Examples of some sources of training material 1720 

 1721 

1. Power point slides for free download and direct use: 1722 
http://rpop.iaea.org/RPOP/RPoP/Content/AdditionalResources/Training/1_TrainingMat1723 
erial/index.htm 1724 

2. Other educational resources: 1725 
a. Material in the form of specific questions and answers in different diagnostic, 1726 

interventional and therapeutic modalities at IAEA website on the radiological 1727 
protection of patients: http://rpop.iaea.org 1728 

b. In the Form of ask Expert at Health Physics website: 1729 
http://hps.org/publicinformation/ate/faqs/ 1730 

c. RSNA: http://www.rsna.org/Education/index.cfm 1731 
 1732 

Web addresses of organizations having training material (in alphabetical order) 1733 
 1734 

ORGANIZATION ACRONYM WEBSITE 

American Association of 
Physicists in Medicine 

AAPM http://www.aapm.org/ 

HTTP://WWW.AAPM.ORG/MEETINGS/VIRTUAL_LIBRA
RY/ 

European Commission EC http://ec.europa.eu/energy/nuclear/radiation_protection/publica
tions_en.htm 

MARTIR PROJECT 

European Society for 
Therapeutic Radiology and 
Oncology 

ESTRO http://www.estro.org/Pages/default.aspx 

e-TEST RADIOBIOLOGY  

International Atomic Energy 
Agency 

IAEA http://rpop.iaea.org 
http://www.iaea.org/Publications/ 
http://www-pub.iaea.org/MTCD/publications/publications.asp 

International Commission on 
Radiological Protection 

ICRP http://www.icrp.org/ 

educational material for Publication Nos. 84-85-86-87-93 

http://www.icrp.org/educational_area.asp  

International Radiation 
Protection Association 

IRPA http://www.irpa.net/ 

IRPA10, IRPA11 REFRESHER COURSES 

Perry Sprawls website  HTTP://WWW.SPRAWLS.ORG/RESOURCES/#RADIATIO
N 

Office of Radiation 
Protection (Division of 
Environmental Health, USA) 

 http://www.doh.wa.gov/ehp/rp/factsheets/fsdefault.htm#introfs 

 

http://rpop.iaea.org/RPOP/RPoP/Content/AdditionalResources/Training/1_TrainingMaterial/index.htm�
http://rpop.iaea.org/RPOP/RPoP/Content/AdditionalResources/Training/1_TrainingMaterial/index.htm�
http://rpop.iaea.org/�
http://hps.org/publicinformation/ate/faqs/�
http://www.rsna.org/Education/index.cfm�
http://www.aapm.org/�
http://ec.europa.eu/energy/nuclear/radiation_protection/publications_en.htm�
http://ec.europa.eu/energy/nuclear/radiation_protection/publications_en.htm�
http://www.estro.org/Pages/default.aspx�
http://rpop.iaea.org/�
http://www.iaea.org/Publications/�
http://www-pub.iaea.org/MTCD/publications/publications.asp�
http://www.icrp.org/�
http://www.icrp.org/educational_area.asp�
http://www.irpa.net/�
http://www.sprawls.org/resources/#RADIATION�
http://www.sprawls.org/resources/#RADIATION�
http://www.doh.wa.gov/ehp/rp/factsheets/fsdefault.htm#introfs�
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ORGANIZATION ACRONYM WEBSITE 

University of Washington  http://www.ehs.washington.edu/rsotrain/ 

http://courses.washington.edu/radxphys/PhysicsCourse.html  

Image Gently  http://www.pedrad.org/associations/5364/ig/index.cfm?page=3
69  

 1735 

1736 

http://www.ehs.washington.edu/rsotrain/�
http://courses.washington.edu/radxphys/PhysicsCourse.html�
http://www.pedrad.org/associations/5364/ig/index.cfm?page=369�
http://www.pedrad.org/associations/5364/ig/index.cfm?page=369�
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Annex D: References containing information of interest for the 1737 

present report 1738 

 1739 

CLASSIC, 2008. Classic K, Carlson S, Vetter RJ, Roessler G. Physician Education: Expansion 1740 

of the Radiation Protection Practice. IRPA 12 Proceedings. Buenos Aires. Argentina. 2008. 1741 

EC, 1997. European Commission. Council directive 97/43 EURATOM on health protection of 1742 

individuals against the dangers of ionizing radiation in relation to medical exposure, and 1743 

repealing directive 84/466 EURATOM. Official journal no. L180. Luxembourg, European 1744 

Commission, 1997; 22–27. 1745 

http://europa.eu.int/comm/energy/nuclear/radioprotection/legislation_en.htm 1746 

EC, 2000a. Guidelines for education and training in radiation protection for medical exposures, 1747 

Radiation Protection 116, European Commission. Directorate General Environment, 1748 

Nuclear Safety and Civil Protection. Luxembourg, 2000. Available at: 1749 

http://europa.eu.int/comm/energy/nuclear/radioprotection/publication/doc/116_en.pdf. 1750 

EC, 2000b. Referral Criteria for Imaging. Radiation Protection 118. European Commission. 1751 

Directorate General for the Environment. Luxembourg, 2000 (and updates from March 1752 

2008). Available at: 1753 

http://ec.europa.eu/energy/nuclear/radioprotection/publication/118_en.htm 1754 

González AJ. The 12th congress of the international radiation protection association: 1755 

strengthening radiation protection worldwide. Health Phys. 2009, 97, 6-49.  1756 

Hadley JL, Agola J, Wong P. Potential impact of the American College of Radiology 1757 

Appropriateness Criteria on CT for trauma. AJR 2006; 186: 937-942  1758 

Hendee W, Mettler M Jr, Walsh M, Guleria R, Craven C, Sia S, Durand-Zaleski I, Sheehan M, 1759 

Czarwinski R, Rehani M, Le Heron J, Boal T, Zaknun J; International Atomic Energy 1760 

Agency (IAEA). Report of a consultation on justification of patient exposures in medical 1761 

imaging. Radiat Prot Dosimetry. 2009;135(2):137-44. 1762 

Klein LW, Miller DL, Balter S, Laskey W, Haines D, Norbash A, Mauro MA, Goldstein JA and 1763 
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Interventional Laboratory, 2009. Occupational health hazards in the interventional 1765 

laboratory: Time for a safer environment. Heart Rhythm. 6, 439-434. 1766 

MARTIN, 2003. Martin CJ, Dendy PP, Corbett RH. Medical Imaging and Radiation Protection 1767 
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