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Introduction

From its establishment shortly after the discovery of x rays at the end of the nineteenth century, Radiology has been a medical specialty dedicated to excellence in the provision of imaging services supporting the care of patients.  This dedication has yielded a domain of expertise in Radiology that encompasses a wide spectrum of diseases and disabilities, and a broad array of applications including disease prevention, detection and diagnosis, as well as the deployment, monitoring and evaluation of interventional measures.  In creating this domain of expertise, Radiology has never wavered from its dedication to excellence in the care of patients, or from its commitment to provide quality consultative services to physicians caring for patients.  

From the beginning, Radiology has been vulnerable to erosion of its domain of expertise because of its dependence on referrals from other physicians.  This vulnerability makes Radiology susceptible to efforts by other physicians to provide their own imaging services and not refer patients to radiology.  Many radiologists and healthcare administrators believe that self-referral of imaging services is often economically motivated, leads to over-utilization of services, and creates unjustified healthcare expenses borne by healthcare payers and, ultimately, patients.  They also believe that the accuracy of imaging procedures is compromised because many self-referring physicians do not have the training in imaging or the imaging expertise to provide procedural and interpretive services at the same level of quality as do radiologists, or to detect abnormalities other than those specific to their specialty.  This reduction in accuracy puts patients at risk, increases the cost of health care, and erodes the public’s confidence in the quality and safety of imaging services.  

The threat of self-referral to the welfare of patients has never been greater, primarily because of the intense competition for patient revenue now present in health care.  In this competition, the advantage possessed by other specialties is a difficult hurdle to overcome, because other specialties have their own patients whereas Radiology depends on referrals.  No matter how difficult, this hurdle must be met successfully if patients and society are to continue to benefit from independent radiology services, and if radiology is to sustain its commitment to excellence in the provision of quality imaging services to patients and consultative services to physicians.   

Advantages of the Radiologist
Radiology has three major advantages regarding imaging procedures compared with other medical specialties.  These advantages are: (1) high clinical acumen in the interpretation of images; (2) mastery of the technology of imaging; and (3) knowledge that enhances   quality and safety in medical imaging.  Each of these advantages is critical to the well-being of patients and Radiology, and each should be emphasized and nurtured in the training and practice of radiologists now and in the future.   Each advantage should be treasured by all radiologists as essential to the future of the discipline.  Given their essential nature, it is important to examine how well the advantages of radiology are integrated into the education, training and certification of radiologists, and whether they are emphasized in the maintenance-of-certification process being implemented in radiology.  

Clinical Acumen in Imaging:  Without question, radiology is attracting some of the best and brightest graduates of the nation’s medical schools.  The attraction is due to several factors; (1) radiology is cutting-edge medicine with a history of new developments and advances; (2) it is a sophisticated specialty at the high-end of technology-driven medicine; and (3) it is a well-paying discipline with an open job market.  Medical school graduates entering Radiology today exhibit a compelling intellectual capacity that has the potential to sustain the clinical acumen of Radiology well into the future.  

Residents in radiology have a lot to learn, because the specialty is defined by imaging technologies and procedures that are increasingly numerous and sophisticated.  To master all of these technologies and procedures, and become expert in one or more, requires 4 years of intense residency training and, for most radiologists, additional years in fellowship.  This amount of training provides only a foundation to practice a radiological specialty; continuous expansion and refinement of knowledge of the radiologist is required over the duration of practice, especially since the discipline is expected to grow in both breadth and depth over the next several years and decades.  This demand for new knowledge is why maintenance of certification is so important in radiology – Radiology has changed dramatically over the past 3 decades, and technological innovation is expected to continue over the next several years or decades.  

The development of clinical acumen in the acquisition and interpretation of clinical images is a full-time effort that requires several years of basic education at the beginning, and continuing education over the duration of a radiologist’s practice.  Clinical acumen in medical imaging is not something that can be acquired as a sideline to the practice of another medical specialty.  Thus, it is understandable that the clinical acumen of radiologists is superior to that of other specialists in performing and interpreting imaging procedures.  This superiority should contribute in a major way to the ability of radiologists to hold their ground against assaults on their practices by specialists in other disciplines.  By itself, however, clinical acumen may not be sufficient to ward off these assaults – in part because it is difficult to quantify such acumen in a comparative manner across medical specialties.  The other advantages of radiologists must also be deployed if Radiology is to survive and thrive in the future.  

Technology Mastery:  Medical imaging employs highly complex technologies that are increasingly driven by sophisticated computer and image-processing systems residing between the acquisition of imaging data and the display of imaging data for interpretation.  Understanding the acquisition and display processes, and having a working knowledge of the complex interactions between the two, helps to ensure that the images are optimum for the medical conditions under investigation, and that the images are depicting pathological conditions in the patient and not in the processes of acquiring, manipulating, and displaying imaging data.  This understanding requires a dedication to mastering the science and engineering of the discipline similar to that needed to develop the clinical acumen in imaging that sets radiologists apart from other physicians.  

So it is appropriate to ask whether radiologists in training today are developing an appreciation of the science and technology of their profession in parallel with their understanding of the clinical applications of their discipline.  That is, are radiology residents today being educated in physics to the degree necessary to ensure optimum data acquisition, processing, management, display and interpretation?  In the opinion of many radiologists and radiological scientists, the answer to this question is not in the affirmative.

Over the past several years, the technology of radiology has expanded both laterally (i.e. in the variety and frequency of applications) and vertically (i.e. in the level of sophistication of the applications).  Examples of this expansion include the many forms of magnetic resonance imaging, magnetic resonance spectroscopy, functional magnetic resonance, multi-detector/multi-slice computed tomography, single photon and positron emission computed tomography, in vivo and duplex Doppler ultrasound, computed and digital radiography, digital fluoroscopy, digital mammography, multi-dimensional imaging, image fusion, 3- and 4-D imaging, image-guided therapy, and many others.   Further developments such as optical coherent tomography and bioluminescence in molecular imaging, magnetoencephalographic imaging, microwave tomography, laser tomography, elastography, phase contrast imaging, and others are promising applications for the future.  In addition, new disciplines such as medical informatics and molecular biology offer exciting opportunities for Radiology in both basic and applied research. The technological growth of radiology, and its extension into unexplored regions of biomedical science and clinical medicine, have been a stellar experience to date, and are exciting to contemplate for the future.  Over this period, however, the teaching of physics and engineering to future practitioners of the discipline has not kept pace with this growth.  That is, the sophistication of the technology of radiology and its applications has grown exponentially, while the commitment of the discipline to learning the underlying science and engineering has declined.  

Safety and Quality:  In radiology, the safety of patients and healthcare personnel permeates most features of the imaging process.  It includes using the lowest dose of ionizing radiation possible to achieve the images necessary to arrive at a correct diagnosis, or to successfully conduct an interventional procedure.  Each image should be obtained at the lowest dose consistent with sufficient image quality, a minimum number of images should be acquired consistent with successful completion of an examination or procedure, and requests for unnecessary or inappropriate examinations should be refused.  Every radiological examination, even those such as ultrasound and magnetic resonance imaging that do not employ ionizing radiation, expose patients to some element of risk.  That risk comes from unwarranted exposure to radiation as well as from “false-positive” diagnoses and their consequential follow-up procedures, and “false-negative” diagnoses that miss the evidence of disease and injury. Knowledge about why, when, where, how, and for whom imaging should be employed needs to be taught to every radiologist in training.  With the pressure of clinical assignments, the volume of clinical work to be done, the growing complexity of imaging procedures, and the limited time available for classroom learning and studying, contemplating, and organizing acquired knowledge, this knowledge may increasingly not be communicated or assimilated adequately in radiology educational programs.  

The quality of a radiological study depends on the ability of the physician performing it to recognize the types of information needed about the patient.  The physician must also (1) understand how to use the technology to acquire the information; (2) manage the interface between the technology and the patient so that the required information is acquired; (3) pre- and post-process the information to accentuate its correlation with the patient’s condition; (4) recognize the presence of distortions or artifacts in the images that may compromise the accuracy of the interpretation; (5) interpret the images quickly and accurately; (6) correlate present findings with past examinations and other clinical information; (7) communicate the interpretation to the referring physician in a timely manner; and (8) manage and store the information for fast access and retrieval in the future.  

Every radiologist should be committed to quality and safety as a fundamental premise of the practice of radiology.  This commitment encompasses the attributes of clinical acumen and mastery of technology described earlier, but goes beyond them to a deep appreciation of issues such as quality control and assurance procedures, radiation risk, radiation damage and effects, radiation safety measures, and ways to keep patients safe in the clinical environment.  This commitment should be ingrained into the radiologist during training, accentuated by the process of professional certification, and reinforced through continuing education and the maintenance of certification.  

The American Board of Radiology

Since the 1930s, the American Board of Radiology (ABR) has examined radiologists in physics, in order to help ensure that radiologists in practice have a good grasp of the basic science and engineering that underlies their discipline.  For several decades the examination was an oral physics examination that accompanied the oral examinations in clinical radiology.  Subsequently, a written physics examination for radiologists was introduced, and oral examinations were administered to only those radiologists who failed the written examination.  Later, the oral examination in physics was discontinued, and radiologists were required to pass the written examination in physics before they could be considered eligible for the oral examination in clinical radiology. The written examination in physics was administered at the same time (during the last year of residency) as the written examination in clinical radiology.  

Requiring radiologists to pass a written examination in physics before they could be declared eligible for the oral clinical examination created a problem. A failure on the written physics examination could delay entry into the clinical examination and prevent individuals from entering the market as board-certified radiologists at the end of residency.  To address this concern, the ABR decided in 1999 to allow residents to take the written physics examination as early as the beginning of the second year of residency.  The ABR assumed that residency program directors and departmental chairs would decide whether residents in individual programs should take the physics examination in the second, third, or even fourth year, depending on when the residents had received enough instruction in physics to do well on the examination.  That is, the ABR adopted a flexible policy of when residents could take the physics examination, leaving the final decision up to the individual programs, residency directors, and the residents themselves.  Since adoption of this flexible position, more than 80% of radiology residents have taken the physics examination early in their second year.  

The ABR’s decision in 1999 has had some unexpected consequences.  It has fostered an attitude among residents that the physics examination is simply a hurdle that must be overcome, rather than a stimulus to learning the physics and engineering principles that underlie their chosen discipline.   It has allowed residents to take the physics examination early during the residency without a corresponding expansion in the extent of physics taught and learned in the first year or two of residency.  Not infrequently, residents are expected to learn the physics of some imaging methods before experiencing a clinical rotation that employs the methods.

  The result of these consequences has been a decline in the performance of radiology residents on the written examination in physics.  In order to maintain a pass rate near that achieved by radiologists before the 1999 change, the ABR has had to lower the threshold score for passing the physics examination.  This action has troubled many radiologists and physicists, especially because it is occurring at a time when the technology of radiology is expanding at an unprecedented rate.  

Acquiring and Sustaining the Advantages of the Radiologist

The education of tomorrow’s radiologists presently is focused principally on acquiring a highly-sophisticated level of clinical acumen in the interpretation of radiological procedures and their use for image-guided therapy.  This acquisition of knowledge and skill occurs primarily through a mentorship relationship with experienced radiologists, supplemented by lectures, conferences and reading.  However, the pressure of clinical work is increasingly interfering with the time mentors can devote to instructing residents.  The clinical workload, pressures to produce more work with fewer people because of declining healthcare reimbursement, displacement of the educational mission of academic radiology by the immediate demands for clinical services, and the growing number and complexity of imaging methods and procedures that must be mastered during a residency and fellowship, are all posing significant challenges to the education of radiologists over four years of residency and perhaps a year or two of fellowship training.  In the face of these challenges, the development of clinical acumen remains by far the strongest element in the training of young radiologists.  

A commitment to image quality and patient safety is also an attribute possessed by graduates of residency programs in radiology.  All radiologists acknowledge the importance of quality images, although some may not recognize subtle degradations in image quality, or understand why they occur, and how they can be removed to yield improved images.  This area of the education of radiologists needs substantial improvement, but to do so requires a heightened knowledge of the image-forming process, including the science and engineering of the technology employed in imaging, the interface of the technology with the patient, and how images are pre- and post-processed and displayed to the radiologist.  Furthermore, radiologists need a greater appreciation of the risks and benefits of radiological procedures, how patient dose can be reduced in procedures without compromising image quality, and the science of image perception and interpretation that explains why obvious lesions are missed and studies are misinterpreted.  That is, radiologists need a firmer grasp of the science and engineering that forms the foundation of their discipline if they are going to assimilate the other attributes of radiology to the same degree as they develop their clinical acumen.  

Capitalizing on an Opportunity

A two-phased approach is proposed to meet the challenge of enhancing the teaching and learning of physics and engineering by radiologists during residency.  

Phase I: In the first phase, the physics examination offered by the ABR after one year of residency should be retained.  However, this exam should be changed markedly so that it covers the fundamental physics principles underlying radiology, but does not address the physics and engineering of specific imaging technologies.   Covered in this exam would be topics such as the principles of radiation production and interactions, radiation exposure, bioeffects and protection, radiation units and measurements, image signal generation and processing, image transmission and display, and image quality and enhancement.  These topics, and others, would be sufficient to ensure that ABR certification is acknowledged   by the Nuclear Regulatory Commission as sufficient for recognition of radiologists as authorized users of radionuclides in clinical practice.  Topics on the exam should be fundamental to the practice of radiology and necessary for the resident to learn and function effectively over the remainder of the period of residency.  Whenever possible, the questions should be asked within a clinical context so that their relevancy to the practice of radiology is apparent.  The examination should be a test that establishes a minimum level of knowledge and proficiency in the basic science that underlies the practice of radiology.  

Residents would be expected to pass this examination early in their second year of residency, and a course covering the requisite subjects should be taught to first-year residents.  The course should be viewed by the department as a basic orientation into the physics and engineering underlying radiology, and all first-year residents should be required to attend because the course is considered essential to the education of a   radiologist.  This first-year course should be considered to be the preliminary knowledge required to embark on life-long learning as a state-of-the-art radiologist.  

The course would be completed during the first year, and the examination would be taken at the beginning of the second year, just as the current physics exam is taken by the majority of residents.  The examination could be web-based and proctored to ensure that the person signing up for the examination is indeed the person taking the examination, or it could be made available at regional testing centers within driving distance of any resident.  It would be taken by all candidates over a prescribed period of time on a particular day, but the residents could take the examination in their home institution or a nearby testing center, rather than having to travel to a distant location as is presently the case.  A passing score for the examination would be established according to accepted psychometric measures such as the Angoff process.  Residents who fail the examination could take it the following year, or perhaps sooner if the ABR could make that possible.  

While the basic physics examination would test the resident’s knowledge in the fundamental science and engineering underlying radiology, it would not assess the resident’s knowledge of the physics and engineering of specific imaging modalities and their clinical applications.  These topics would be largely avoided in the examination because residents have had inadequate exposure to these modalities and applications at the time that the basic physics examination is administered.  This decision drives the need for the second phase of the proposal

Phase II: The knowledge and skill associated with specific imaging modalities should be acquired over the entire period of residency as the radiologist-in-training progresses through various clinical rotations in a mentored relationship with experienced radiologists.  This acquisition of physics knowledge should be one of the principal objectives of the rotations, and a learning experience that encompasses the science of the modalities and applications should be included along with instruction in conducting procedures and interpreting images.  

A major impediment to teaching the physics of imaging along with its clinical applications is the reluctance of mentors to emphasize this aspect of a resident’s education.  Often this reluctance is a consequence of the mentors’ insecurity about their own depth of understanding of physics and engineering.  This insecurity is perfectly understandable, because even more experienced radiologists may have been trained in residency and fellowship programs where an understanding of physics was not emphasized.  Both the instructor and the instructed may need help in assimilating the physics and engineering aspects of their area of specialization.  In some programs, help may be available from diagnostic medical physicists, whereas in other programs physicists with the requisite expertise may not be available.  Also, the workload and other demands usually limit the time available to provide much instruction other than clinical direction during the day when clinical studies are performed and interpreted.   

For all of these reasons, educational materials that address the physics and engineering of specific imaging modalities should be developed and made available, preferably on the world-wide web (WWW), where they can be presented in dynamic rather than static fashion, and where they can be accessed when the residents and experienced radiologists have time to study them.  

In part, these web-accessible educational materials could be compiled from information already available on the WWW and in hard-copy and on-line publications. This information, when organized and integrated into teaching modules prepared specifically for resident education, could be a superb resource for teaching the physics and engineering underlying the current and future imaging modalities of radiology.  Scientific societies such as the Radiological Society of North America and the American Association of Physicists in Medicine, professional organizations such as the American College of Radiology and the American College of Medical Physics, and other groups such as the American Board of Radiology and the American Board of Medical Physics, could work together to support the development of these educational modules.  The availability of educational modules as supplemental teaching aids for clinical mentors and physicists would be a major advance in the preparation of young physicians to enter the rapidly evolving and changing discipline of clinical radiology.  These modules would also be invaluable contributions to the Maintenance of Certification (MOC) process for practicing radiologists, especially if they were translatable into Self-Assessment Modules (SAMs) which could be credited towards the lifelong-learning component of MOC.  

Testing for Success

With the availability of teaching modules, a natural next step would be to include physics and engineering questions on the written and oral examinations in the various clinical specialties of radiology.  This inclusion would serve as an incentive to learning the appropriate scientific background material over the entire course of a residency.  It also would endorse the concept of life-long learning in the early stage in a radiologist’s career.  A certificate verifying completion of a self-test for each of the educational modules could (and probably should) be required by residency program directors as evidence that residents had accessed and studied all of the modules.   This requirement would affirm the support of program directors and radiology departments for inclusion of physics and engineering learning as an essential component in the education of radiologists.  

One major concern over the education of radiologists in physics and engineering is the quality and dedication of the physics teaching effort in many residency programs.  This concern is entirely legitimate, and must be addressed by the physics community in collaboration with radiologists interested in improving physics education in Radiology.  In early spring of 2006, a multi-day summit on physics education of radiologists, radiation oncologists and physicists will be held to address this issue.  The summit, sponsored by the American Association of Physicists in Medicine, American College of Medical Physics, Radiological Society of North America, American College of Radiology, American Board of Radiology, Association of University Radiologists and other radiological organizations, is focused on improving the practice of radiologists and medical physicists through enhancing their understanding of the physics and engineering underpinning of the profession.  Sponsorship of the summit by multiple organizations reflects the widespread concern over the quality of physics teaching and learning in radiological physics, radiology and radiation oncology, and the determination of many physicists, radiologists and radiation oncologists to improve it.  

Conclusions
Radiology is positioned today at a crossroads of opportunity.  The technology of the discipline is expanding markedly in both complexity and applications, with future prospects very bright for additional applications from the molecular and cellular to the organ and system levels.  Mastery of this technology, and through this mastery the assurance of quality and safety of radiological examinations, distinguishes radiologists and radiology from other healthcare providers and disciplines that wish to offer imaging services.  This distinction, coupled with the greater clinical acumen of radiologists in interpreting medical images, ensures a positive and expanding future for radiology and a continuation of quality medical imaging services for patients.  

Mastery of the technology, however, requires a solid understanding of the physics and engineering that underlies medical imaging.  At present, this understanding needs improvement through enhanced attention to physics education in radiology residency programs, an emphasis on understanding the science underlying imaging technologies during rotations through subspecialties that employ the technologies, and a renewed commitment from  both physicists and radiologists to dedicated teaching and learning of physics during residency.  By selecting the appropriate pathway at the crossroads of opportunity presently available to Radiology, radiologists can master the technology of their discipline and continue to control the destiny of their profession.  The course of action recommended in this article may help in the selection of the correct pathway.
