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CONCEPT

This module explains some of the details about the work in which various Biomedical Engineering specialties engage.

OBJECTIVES

Expose the readers to the type of work Biomedical Engineers do.

Give the readers an idea about the courses the students would require to take to pursue a degree in Biomedical Engineering.

Explain about the career opportunities for Biomedical Engineers.

INTRODUCTION

During the 1950s and 1960s, the growing body of knowledge about how engineering systems worked - structures, fluid flow, chemical reactions, electronics - led to a belief that the human body could be “engineered” in much the same way that a bridge is built, or a pump is designed. Although the initial optimism has been reduced by the daunting challenges of building prosthetic devices, steady progress has been made. Here is a partial list of the replacement parts that are now in use, or near commercialization:

�bones and joints

cartilage

skin

heart

eye corneas

lung

kidney

teeth

blood vessels and blood

heart valves

hair

ears (hearing aids)

muscle controls (nerves)

�A quiet revolution has occurred in the past fifteen years or so, as medical doctors and engineers collaborated on this growing list of prosthetics. Even more advances have been made in the area of analytical or diagnostic instruments. One example is computerized axial tomography (CAT) scanning, which can probe the human body to obtain visual diagrams of internal organs. Much of this type of work depends on top-notch electrical engineering.

In broadest terms, biomedical engineering is a science which applies the principles of engineering and technology to understanding and solving mysteries of biology and medicine. But within this definition lies a world of exciting technical possibilities for medicine and man.

Biomedical engineering and its professionals, biomedical engineers, have made substantial contributions to health care. As for public acclaim, biomedical engineers may themselves remain unsung, but their accomplishments have not gone unnoticed. Dialysis and heart/lung machines, electrocardiograph and EEG machines, linear accelerators, ventilators, heart pacemakers - almost every medical device you have read about has come into existence largely due to the important work of these health professionals.

And yet, developing sophisticated medical equipment is just one aspect of their role in health care today. The biomedical engineering field is vast. In addition to developing treatment and diagnostic equipment, artificial organs, and other medical devices such as cardiac pacemakers, engineering principles are applied to many other areas of health care. For example, biomedical engineering helps to :

Evaluate the effectiveness of drugs, prosthetic devices, and medical equipment.

Monitor patients via a computer system, whether patients be in intensive care units, coronary care units, or on a regular patient floor, monitor astronauts in space and divers under the sea.

Develop and utilize new energy sources, such as chemical or nuclear cells.

Develop systems for insuring electrical, mechanical, chemical, radiological, or nuclear safety.

Design information systems to keep medical records and diagnostic data from physical examination or laboratory testing.

These are but a few of the ways in which biomedical engineering contributes to the delivery of health care today. Biomedical engineers, in essence, take fundamental engineering principles, such as electronics, fluid dynamics, mechanics, optics, radiation, and thermodynamics and apply them directly to health and health-related areas.

PROFESSIONAL ACTIVITIES 

What kind of work activities does the biomedical engineer encounter each day? This is difficult to predict. Much depends on the area in which the biomedical engineer specializes and the particular project at hand.

In biological, medical, and bioenvironmental areas, where the emphasis is strongly on research and development, the biomedical engineer may engage in a wide range of activities. Time may be spent working alone at the drawing board, drafting mathematical models or designs, meeting with other team members to collectively brainstorm or test ideas, programming a computer to test or develop theories, working in the laboratory, putting into action the ideas worked out on paper, working on a hospital floor with patients, putting into practice the products tested in the laboratory.

In clinical (hospital) engineering, the workday may be entirely different. While these engineers often engage in research, they may have additional job functions as well. Within a hospital or other health facility, they may investigate the cause of electrical accidents, modify medical equipment and systems, conduct staff seminars on personal and patient safety, recommend to hospital administrators new equipment purchases, after carefully researching the market. With much of their work they see immediate results.

For all biomedical engineers, writing and record-keeping are important professional activities. Professional reports must be written and records must be meticulously kept, whether they deal with research itself or with hospital operations. Because every aspect of biomedical engineering is changing so rapidly, all engineers must keep abreast of the latest developments. Attending professional meetings and conferences, reading professional journals, and continuing education through seminars or special courses are required.

PERSONAL QUALIFICATIONS AND WORKING CONDITIONS

An aptitude for science, adaptability, and an analytical mind are the key qualifications for this field. Biomedical engineers must constantly analyze, organize, and coordinate information, and then apply it to medical and biological problem-solving. This is their life’s work. Adaptability is also important in a field where each day may bring new changes.

Depending on the work assignments and the areas in which the engineer specializes, good manual dexterity and eye-hand coordination are often required. Communication skills are another must, since biomedical engineers must be able to communicate effectively both verbally and in writing. Information must be shared with the research team, physicians, patients, and other scientists world-wide.

Overall working conditions are largely determined by each employer, but in general they are good. A clinical engineer’s hours are usually dictated by hospital policy. Generally, this requires working a daytime shift as well as being on call frequently to handle special problems as they arise. However, in a research setting the picture may be different. Although research laboratories  follow a regular 9-to-5 schedule, most researchers put in extra time.

PREPARING  FOR  TRAINING

Science and math, and plenty of both, are the basic elements of educational preparation for the biomedical engineering field. At the high school level a good preparatory curriculum might include:  2 years of  biology, 1 year of chemistry, 3 to 4 years of mathematics, 1 year of physics, 4 years of English, and 3 years of history, social studies, or other electives. A foreign language, particularly French, German, or Russian, can be helpful too, since many important scientific journals are published in these languages. Beyond this, communication courses, particularly those which build reading and writing skills, are essential. 

For high school students, the junior Engineering Technical Society (JETS) offers a unique opportunity to test interest and aptitudes in biomedical engineering. The program which is designed for junior and senior high school students, is similar to 4-H or Junior Achievement programs and is sponsored by major engineering societies and leading employers of engineers.

Among the programs which JETS offers its members are industrial tours, speakers, social events, and science competitions. Though schools usually sponsor local JETS chapters, students can also join the program as individuals. 

PROFESSIONAL TRAINING

Be prepared for intensive education, combining engineering and science courses such as electronics, heat and mass transfer, mechanics, materials, calculus, thermodynamics, and computer technology with biological and medical studies such as anatomy and physiology, organic chemistry, biophysics, medicine, pharmacology, and psychology. Courses in medical terminology, basic English, and technical writing are frequently included in the curriculum.

In the past, education specifically in biomedical engineering was available only on the masters and doctoral (Ph.D.) level. Now, in addition to those programs, there are over 100 undergraduate programs in biomedical engineering. Bachelor programs take four years to complete, masters usually two, and a Ph.D. takes three to five years after college.

Whether programs are on a bachelor’s, master’s, or Ph.D. level, tremendous variety exists. Unlike other professions about which you have read, there is no single basic curriculum which must be followed to prepare for this field. Consequently, programs vary from those offering a specific degree in biomedical engineering to those offering a general engineering degree in electrical, mechanical, civil, or chemical engineering with an option or concentration in the biomedical field. Other schools offer just a few basic biomedical engineering courses.

Selecting a program , then, should be done with great care. Each curriculum should be analyzed, and you should know in advance the objectives of the program. Is it oriented to hospital engineering or to research? Does it concentrate on biomedical instrumentation? Does it stress computer applications to biology and medicine?

In evaluating a program, keep in mind that first and foremost it should emphasize a strong engineering curriculum. Medical sciences, no matter how good, cannot be substituted for engineering basics. Rather, medical sciences should complement and support engineering studies. Why is this so important? Simply because as a biomedical engineer you will be depended upon by the research team for your engineering skills, which no other member of the research team can provide.

JOB OPPORTUNITIES

Employment opportunities in biomedical engineering look bright, especially for those with graduate degrees. Employment opportunities are indeed varied. Biomedical engineers can be found working in hospitals, large clinics, or medical centers. Industry offers a wide range of job possibilities. In the automotive and aerospace industry, biomedical engineers are working in such areas as the life sciences, safety, and anti-pollution. In the pharmaceutical industry, they can apply their talents to research, testing, and marketing new drugs or health products. Of course, within industry many opportunities exist related to research and development of new electronic or mechanical instruments, or synthetic substitutes for human body parts, from artificial kidneys to artificial blood vessels. Jobs are also available as sales representatives for these products.

Looking to government, the National Aeronautics and Space Administration (NASA) employs engineers, especially in their life sciences division. The Food and Drug Administration employs biomedical engineers to help establish standards, safety, and effectiveness of medical devices and drugs. In the department of Health, Education, and Welfare, the U.S. Public health Service and the National Institutes of Health are two major employers of biomedical engineering manpower. Finally, the Department of Defense and Department of Transportation use biomedical engineers in developing programs of highway safety and environmental and pollution control.

Universities and colleges also offer varied jobs for biomedical engineers, as either teachers or researchers or a combination of both.

Salaries depend on the employer. But generally salaries are good, especially at the graduate

level. With additional education and experience salaries can advance rapidly, especially in industry.

Bibliography:
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Other Resources

For additional information on biomedical engineering, write:

Alliance for Engineering in Medicine and Biology�4405 East-West Highway�Suite 404�Bethesda, MD 20014.

Biomedical Engineering Society�Post Office Box 2399�Culver City, CA 90230.

For information on special programs, write:

JETS�United Engineering Center�345 East 47th Street�New York, NY 10017.

Additional  References

Joseph D. Bronzino, Biomedical Engineering And Instrumentation: Basic Concepts And Applications.  Boston: PWS Engineering, 1986.

A. Terry Bahill,  Bioengineering—Biomedical, Medical, And Clinical Engineering.  Englewood Cliffs, NJ: Prentice-Hall, 1981.

Dhanjoo N. Ghista,  Biomechanics of  Medical Devices.  New York: M. Dekker, 1981.

Other Experiments

A Specialized Toy, Sporting Device or Household Device

Divide the students into several groups of three to four. To each group, assign a specific toy, piece of sporting equipment, or common household device and tell them to redesign it for use by a person with a specific type of disability. Compare the ideas that each group found and present real world devices and toys that have been adapted for use by disabled people (i.e. bicycles, snow skis, etc.)

Ideas could include designing a toy remote controlled car for a child who lacks fine motor control.  This child would probably not be able to use a joystick to drive the car.  An alternative could be a trackball or a large push-button / pad with four directional choices. Try  to focus on simple, inexpensive solutions. Point out that the redesigned device should be very  close in cost to the original product. For example, a high tech, expensive solution (that probably wouldn’t work well anyway) would be to have a voice controlled toy car.

Bone Fracture Repair  -- Biomechanics

Do a “fracture fixation” laboratory. Plastic artificial femurs (thigh bones) can be bought from Pacific Research Laboratories (“saw bones”, $15.00 each). Something like chicken bones could be substituted if necessary. Divide the students into several groups and have them fix the “broken” bones using readily available materials that you can obtain from a craft store.

A discussion of biomechanics and what types of things a biomechanical engineer might work on should be given as an introduction. Then, each group is given a “fractured bone” and a plastic bag with some paperclips, rubberbands, twist ties, 20 gauge copper wire and wooden popsicle sticks. Some pliers and scissors should also be available. The students should then try to put the bones together. Afterwards, have each group explain their designs. Discuss what things should be kept in mind when mending actual human bones (biocompatibility, maintaining skeletal function, etc.). Also discuss what other materials and tools they might want in an ideal situation (i.e. bone screws).

Finally, show the students some examples of how orthopedic surgeons actually fix bones (plates, cerclage wiring, etc.). This experiment and discussion should take about an hour.

Materials:

“Saw bones” from Pacific Research Laboratories, $15.00 each.

Craft supplies:  paperclips, string, popsicle sticks, rubberbands, twist ties, 20 gauge copper wire, etc.

Source:

Marjolein CH van der Meulen, PhD�VA Medical Center 153�3801 Miranda Avenue�Palo Alto, CA 94304�marjo@bones.stanford.edu�(415) 493-5000 x4268.
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