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Introduction

Medical physicists make three profound contributions to the use of ionizing and nonionizing radiation for the prevention, diagnosis, and treatment of human disease and disability.  These contributions are 1. Research; 2. Education; and 3. Clinical Service.  At this particular time, each of these contributions offers unparalleled opportunities for medical physicists to expand their influence in research, teaching and the clinical applications of radiation.  Delineation of these opportunities is the purpose of this brief article.  
Research

From the discovery of x rays in 1895 to today, medical physicists have driven the research frontiers of diagnostic and therapeutic applications of radiation forward.  Physicists discovered x rays and radioactivity, characterized different radiations, developed radiation detectors, designed radiation sources, quantified radiation dose, and assisted in early clinical applications of radiation.  In more recent times, physicists helped develop high-energy x- and -ray treatment machines, computed tomography, single-photon and positron emission tomography, gray-scale and real-time ultrasound, magnetic resonance imaging, and low- and high-dose rate brachytherapy.  These research efforts continue today, and range from developing new imaging methods to designing improvements in the clinical applications of existing technologies.


The level of funding and the rate of publication of medical physics research has never been greater.
  

Teaching

Physicists have always had a major teaching role in radiology and radiation oncology.  In the past few decades, physicists have expanded their teaching contributions to encompass other users of radiation for medical diagnosis and treatment.  Never has the teaching role of physicists been more challenging, because it requires translation of complex science and technology into terms understandable to persons with only a rudimentary background in physics, mathematics and engineering.  To be effective teachers, physicists must be familiar with biological and medical concepts and terminology to a degree sufficient to engage physicians and other health professionals in discussions about a variety of technologies and their clinical uses.  Medical physicists must speak the language of biology and medicine in discussing diagnostic and therapeutic applications of radiation.  They should describe the design and use of technologies in relatively simple terms that persons can be understood by persons without sophisticated backgrounds in physical science and mathematics.  
Clinical Service

From the early years to today, medical physicists have been partners with physicians and other health professionals in deploying radiation to improve human health and well being.  This partnership has grown tighter and more inter-dependent as the technologies of radiology and radiation oncology have become more complex and mysterious to most physicians.  The development of high-energy Co-60 units and linear accelerators in the 1960s and later reduced treatment complications but deprived oncologists of skin reactions as a way to monitor radiation treatments. As a consequence, physicists assumed much greater responsibility in calibrating treatment machines, designing treatment plans, and assuring the safety and effectiveness of cancer therapies employing radiation.  In radiology, the use of computers to construct images from transmission and emission data separated the processes of data acquisition and image display, and greatly elevated medical physicists as the individuals best able to assure that suspicious regions in diagnostic images reflect pathological conditions in the patient and not artifacts caused by the imaging processes.  
Transformative Medical Physics
With each major transformation of radiation oncology and radiology (including nuclear medicine) over the decades, the roles of medical physicists have expanded.  Throughout this evolutionary process, medical physicists have been partners with other health professionals in these disciplines.  Today each of these disciplines is experiencing another major transformation in the services that it provides to patients.
  These transformations open major new opportunities for medical physicists to expand their contributions to research, education and clinical service, and to increase their ability to help their clinical colleagues deliver safe and effective clinical services.  
Opportunity
Never has there been a time of greater opportunity for medical physicists to expand their influence and enhance their contributions in research, teaching and patient care.  This opportunity is the product of the scientific and technological complexity of radiology and radiation oncology, and the major transformations occurring in these disciplines that add to their technological sophistication.  Mastery of this complexity by physicians responsible for deployment of imaging and treatment technologies in the care of patients demands that they partner with individuals who understand the technologies, and who can assure that they are functioning properly.
  These individuals are medical physicists.  

Research Opportunities
Research is rapidly transitioning radiology and radiation oncology into new venues for imaging and treatment of patients.  Traditional methods of imaging are changing in a remarkable fashion.  Anatomic images may be accompanied by information about the physiology, metabolism, biochemistry and functional capacity of tissues, adding great breadth to the structural information that constituted most radiology images a decade or two ago.
  Today radiology is focused on understanding normal and abnormal tissues at the cellular and molecular levels, a focus frequently referred to as molecular imaging.
, 
 This focus is expanding the tools of imaging to new methods such as optical and near-infrared, terahertz, microwave, electron paramagnetic resonance, magnetoencephalographic, and fluorescence imaging.
  The rapidly expanding applications of imaging to treatment planning, delivery and monitoring in radiation oncology  add a level of precision not heretofore attainable in the treatment of patients.  These applications, combined with conformal radiotherapy methods such as intensity-modulated radiation therapy (IMRT), image-guided radiotherapy, inverse treatment planning, and treatment delivery gated to accommodate respiration, improve the exactness of treatment delivery.  These advances have the potential to move radiation oncology from physically-based to biologically-based conformal therapy.  They offer marvelous research opportunities for medical physicists working with their scientific and medical colleagues.  The rate of evolution in the science of radiology and radiation oncology has never been greater, and the impact of this evolution on the quality of care has great potential.  Realization of this potential rests squarely on the shoulders of medical physicists.  
Teaching Opportunities
As the science and technology of radiology and radiation oncology have grown over the past couple of decades, so have the demands for clinical service by radiologists, radiation oncologists, and resident physicians in both disciplines.  These demands have intruded rather dramatically into the time that physicians have available to learn the science and technology of their discipline, at just the time that the science and technology are rapidly evolving.  This conflict is a major challenge to physicists who are responsible for educating staff and resident physicians about he science and technology of radiology and radiation oncology.  New methods of teaching must be developed that do not rely on scheduled classes for residents and seminars for staff physicians.  
Technical education must be delivered through as-needed and as-available methods that are accessible on-line and through instructional cassettes that can be studies as time permits.  These teaching tools should present the science and technology principles of the discipline in terms understandable to physicians and other health professionals.  They should contain examples of how and why the principles are important to the care of patients.  The need for improved venues and tools for the education of physicians is absolute, and the time to develop them is now.
Clinical Service Opportunities
The delivery of patient services in radiology and radiation oncology is a demanding, technologically complex enterprise that requires intense involvement of medical physicists at all levels.  As radiation treatments become more exact through external-beam conformal techniques and internal-source brachytherapy methods, medical physicists are becoming increasingly responsible for designing, deploying and monitoring the treatments using sophisticated instrumentation and computer-based platforms.  As new imaging technologies, and improvements in existing technologies, are introduced into radiology and radiation oncology, physicists are obligated to ensure that these innovations perform as intended and yield information that contributes optimally to patient care.  In both disciplines, physicists are responsible for assessing equipment performance and verifying that the equipment is effective and safe for patients.  
These responsibilities present physicists with enhanced opportunities for leadership in the clinical setting, and for the creation of programs and protocols for the safe and effective use of radiation in the service of patients.  

The Education of Physicists

Opportunities such as those now available to medical physicists are always accompanied by challenges.  The greatest challenge in medical physics today is the lack of standards in the education and training of individuals entering and practicing the discipline.  This failure to the profession to establish and enforce educational standards has the potential to undermine the ability of medical physicists to respond to the many opportunities available to them today, and to additional opportunities that will arise in the future.  The Council on Accreditation of Medical Physics Education Programs (CAMPEP), sponsored by the American Association of Physicists in Medicine (AAPM), American College of Medical Physics (ACMP), and American College of Radiology (ACR), has published detailed educational specifications for graduate and residency programs in medical physics.
  However, graduation from a CAMPEP-accredited program is not required to practice medical physics, and most physicists enter the field through non-CAMPEP approved pathways.  Performance of medical physicists on certification examinations administered by the American Board of Radiology (ABR) is well below what might be expected from deployment of standards such as Angoff and Hofstee.
  The disconnect between eligibility for ABR certification of medical physicists, and graduation from a CAMPEP-approved educational program, will be corrected in a few years,  In the meantime, unfortunately, there is no preferred pathway for entry of physicists into the discipline, and only general expectations of what is required to become a practicing medical physicist.  With today’s demands for accountability in professional disciplines, the lack of enforceable standards and requirements in the education and knowledge base of medical physicists is inexplicable.  
Conclusions

The profession of medical physics, including its two principal societies (the AAPM and the ACMP), should confront the lack of educational standards in medical physics head-on, and develop standards and requirements for medical physics education.  These standards and requirements should be designed to ensure that persons studying and practicing medical physics are fully qualified to be entrusted with the responsibilities of research, education, and patient care.  


A first step in meeting this obligation is a 3-day, by-invitation-only educational summit on physics education of radiologists (day 1), medical physicists (day 2) and radiation oncologists (day 3).  The summit will be held in Atlanta on January 20-22, 2006.  The second day of this summit will focus on deficiencies in the education of medical physicists, explore ways to correct these deficiencies, and prepare solutions to ensure that medical physicists will be able to meet their responsibilities, and take advantage of opportunities in research, teaching and clinical service that will propel the disciplines forward.  In this manner, medical physicists will make an even greater contribution in the future to biomedical research, education and patient care.  
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