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Healthcare and Engineering

To accompany the Georgia Healthcare Science and Georgia Engineering and Technology Curriculums.

	CTAE Resource Network, Instructional Resources Office, 2010

	Georgia Performance Standards:

HS-IBT-3. Students will understand the basis for biotechnology products and how such products affect the quality of life.
HS-IBT-4. Students will analyze careers in human health and diagnostics, biomanufacturing, environmental applications, and agriculture that utilize biotechnology.
HS-ABT-8. Students will demonstrate understanding of advanced applications in biotechnology.

HS-HIS-9. Students will analyze economic, social, and ethical issues related to the use of biotechnology.
ENGR-FET1. Students will describe the career pathways that are encompassed by Georgia Engineering and Technology Education 

See the end of this document for complete GPS listing


Student Information Guide

Directions:

Use the information in this student information sheet to complete the accompanying student study sheet. Complete all items on the study sheet and turn in to the teacher.
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  Biomedical Engineering

Biomedical engineering is the application of engineering principles and techniques to the medical field. This field seeks to close the gap between engineering and medicine. It combines the design and problem solving skills of engineering with medical and biological sciences to improve healthcare diagnosis and treatment. 

Much of the work in biomedical engineering consists of research and development, spanning a broad array of subfields. Prominent biomedical engineering applications include the development of biocompatible prostheses, various diagnostic and therapeutic medical devices ranging from clinical equipment to micro-implants, common imaging equipment such as MRIs and EEGs, biotechnologies such as regenerative tissue growth, and pharmaceutical drugs and biopharmaceuticals.

Subdisciplines within biomedical engineering
Biomedical engineering is a highly interdisciplinary field, influenced by (and overlapping with) various other engineering and medical fields. Due to this diversity, it is typical for a biomedical engineer to focus on a particular subfield or group of related subfields. There are many different ways to break down BME; the main U.S. organization devoted to BME divides the major specialty areas as follows: 

· Mechatronics

· Bioinstrumentation

· Biomaterials

· Biomechanics

· Cellular, Tissue, and Genetic Engineering

· Clinical Engineering

· Medical Imaging

· Orthopaedic Bioengineering

· Rehabilitation engineering

· Systems Physiology

· Bionanotechnology

Sometimes, disciplines within BME are classified by their association(s) with other engineering fields, which can include:

· Chemical engineering - often associated with biochemical, cellular, molecular and tissue engineering, biomaterials, and biotransport.

· Electrical engineering - often associated with bioelectrical and neural engineering, bioinstrumentation, biomedical imaging, and medical devices. This also tends to encompass Optics and Optical engineering - biomedical optics, imaging and related medical devices.

· Mechanical engineering - often associated with biomechanics, biotransport, medical devices, and modeling of biological systems.

The subdisciplines of biomedical engineering can be separated into two broad categories: Biotechnology and Pharmaceuticals, and Medical Devices.
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  Biotechnology & Pharmaceuticals

Biologics/Biopharmaceuticals (e.g., vaccines, stored blood product), genetic engineering, and various agricultural applications are some major classes of biotechnology.

Pharmaceuticals are related to biotechnology in two indirect ways: 1) certain major types (e.g. biologics) fall under both categories, and 2) together they essentially comprise the "non-medical-device" set of BME applications. 
Tissue engineering
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(Left: One of the earliest human cell lines, descended from Henrietta Lacks, who died of the cancer that those cells originated from; the cultured HeLa cells shown here have been stained with Hoechst, turning their nuclei blue.)
One of the goals of tissue engineering is to create artificial organs (via biological material) for patients that need organ transplants. Biomedical engineers are currently researching methods of creating such organs. Researchers have grown solid jawbones and tracheas from human stem cells towards this end. Several bladders actually have been grown in laboratories and transplanted successfully into patients. Bioartificial organs, which use both synthetic and biological components, are also a focus area in research, such as with hepatic assist devices that use liver cells within an artificial bioreactor construct
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Genetic engineering

(Right: Micromass cultures of C3H-10T1/2 cells at varied oxygen tensions stained with Alcian blue.)
Genetic engineering, recombinant DNA technology, genetic modification/manipulation (GM) and gene splicing are terms that apply to the direct manipulation of an organism's genes. Genetic engineering is different from traditional breeding, where the organism's genes are manipulated indirectly. Genetic engineering uses the techniques of molecular cloning and transformation to alter the structure and characteristics of genes directly. Genetic engineering techniques have found success in numerous applications. Some examples are in improving crop technology, the manufacture of synthetic human insulin through the use of modified bacteria, the manufacture of erythropoietin in hamster ovary cells, and the production of new types of experimental mice such as the oncomouse (cancer mouse) for research.

Pharmaceutical engineering
Pharmaceutical Engineering is sometimes regarded as a branch of biomedical engineering, and sometimes a branch of chemical engineering; in practice, it is very much a hybrid sub-discipline (as many BME fields are). Aside from those pharmaceutical products directly incorporating biological agents or materials, even developing chemical drugs is considered to require substantial BME knowledge due to the physiological interactions inherent to such products' usage.
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  Medical Devices
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(Left: A pump for continuous subcutaneous insulin infusion, an example of a biomedical engineering application of electrical engineering to medical equipment.)
The Medical Devices category is extremely broad -- essentially covering all healthcare products that do not achieve their intended results through predominantly chemical (e.g., pharmaceuticals) or biological (e.g., vaccines) means, and do not involve metabolism.

A medical device is intended for use in:

· the diagnosis of disease or other conditions, or

· in the cure, mitigation, treatment, or prevention of disease
Some examples include pacemakers, infusion pumps, the heart-lung machine, dialysis machines, artificial organs, implants, artificial limbs, corrective lenses, cochlear implants, ocular prosthetics, facial prosthetics, somato prosthetics, and dental implants.
Medical imaging
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(Right: An MRI scan of a human head, an example of a biomedical engineering application of electrical engineering to diagnostic imaging.)

Medical/Biomedical Imaging is a major segment of Medical Devices. This area deals with enabling clinicians to directly or indirectly "view" things not visible in plain sight due to their size or location. This can involve using ultrasound, magnetism, UV, other radiology, or other means.
Imaging technologies are often essential to medical diagnosis, and are typically the most complex equipment found in a hospital; they include:

· Fluoroscopy

· Magnetic resonance imaging (MRI)

· Nuclear Medicine

· Positron Emission Tomography (PET) scans

· PET-CT scans

· Projection Radiography such as X-rays and CT scans

· Tomography

· Ultrasound

· Optical Microscopy

· Electron Microscopy

Implants

An implant is a kind of medical device made to replace and act as a missing biological structure (as compared with a transplant, which indicates transplanted biomedical tissue). The surface of implants that contact the body might be made of a biomedical material such as titanium, silicone or apatite depending on what is the most functional. In some cases implants contain electronics, such as artificial pacemakers and cochlear implants. Some implants are bioactive, such as subcutaneous drug delivery devices in the form of implantable pills or drug-eluting stents.
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Clinical engineering
Clinical engineering is the branch of biomedical engineering dealing with the actual implementation of medical equipment and technologies in hospitals or other clinical settings. Major roles of clinical engineers include training and supervising biomedical equipment technicians (BMETs), selecting technological products/services and logistically managing their implementation, working with governmental regulators on inspections/audits, and serving as technological consultants for other hospital staff (e.g. physicians, administrators, I.T., etc). Clinical engineers also advise and collaborate with medical device producers regarding prospective design improvements based on clinical experiences, as well as monitor the progression of the state-of-the-art so as to redirect procurement patterns accordingly.

In their various roles, they form a "bridge" between the primary designers and the end-users, by combining the perspectives of being both 1) close to the point-of-use, while 2) trained in product and process engineering. Clinical Engineering departments will sometimes hire not just biomedical engineers, but also industrial/systems engineers to help address operations research/optimization, human factors, cost analysis, etc. 
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  Regulatory Issues


(Left: Implants, such as artificial hip joints, are generally extensively regulated due to the invasive nature of such devices.)
Regulatory issues are of particular concern to a biomedical engineer; it is among the most heavily-regulated fields of engineering, and practicing biomedical engineers must routinely consult and cooperate with regulatory law attorneys and other experts. The Food and Drug Administration (FDA) is the principal healthcare regulatory authority in the United States, having jurisdiction over medical devices, drugs, biologics, and combination products. The paramount objectives driving policy decisions by the FDA are safety and efficacy of healthcare products.

In addition, because biomedical engineers often develop devices and technologies for "consumer" use, such as physical therapy devices (which are also "medical" devices), these may also be governed in some respects by the Consumer Product Safety Commission. 

Most countries have their own particular mechanisms for regulation, with varying formulations and degrees of restrictiveness. In most European countries, more discretion rests with the prescribing doctor, while the regulations chiefly assure that the product operates as expected. In European Union nations, the national governments license certifying agencies, which are for-profit companies. Technical committees of engineers write recommendations which incorporate public comments, and these can be adopted as regulations by the European Union. These recommendations vary by the type of device, and specify tests for safety and efficacy. Once a prototype has passed the tests at a certification lab, and that model is being constructed under the control of a certified quality system, the device is entitled to bear a CE mark, indicating that the device is believed to be safe and reliable when used as directed.

The different regulatory arrangements sometimes result in particular technologies being developed first for either the U.S. or in Europe depending on the more favorable form of regulation. While nations often strive for substantive harmony to facilitate cross-national distribution, philosophical differences about the optimal extent of regulation can be a hindrance; more restrictive regulations seem appealing on an intuitive level, but critics decry the tradeoff cost in terms of slowing access to life-saving developments.
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  Training and Certification

Education
Biomedical engineers require considerable knowledge of both engineering and biology, and typically have a Masters (M.S., M.S.E., or M. Eng.) or a Doctoral (Ph.D.) degree in BME or another branch of engineering with considerable potential for BME overlap. As interest in BME is increasing, many engineering colleges now do have a Biomedical Engineering Department or Program, with offerings ranging from the undergraduate (B.S. or B.S.E.) to the doctoral levels. As noted above, biomedical engineering has only recently been emerging as its own discipline rather than a cross-disciplinary hybrid specialization of other disciplines; now, BME programs of study at all levels are becoming more widespread, including the Bachelor of Science in Biomedical Engineering which actually includes so much biological science content that many students use it as a "pre-med" major in preparation for medical school. The number of biomedical engineers is expected to rise as both a cause and effect of improvements in medical technology. 
In the U.S., an increasing number of undergraduate programs are also becoming recognized by ABET as accredited bioengineering/biomedical engineering programs. Over 62 programs are currently accredited by ABET. 

Graduate education is a particularly important aspect in BME. While many engineering fields (such as mechanical or electrical engineering) do not need graduate-level training to obtain an entry-level job in their field, most BME positions do prefer or even require them. Since most BME-related professions involve scientific research, such as in pharmaceutical and medical device development, graduate education is highly desirable (as undergraduate degrees typically do not involve sufficient research training and experience). This can be either a Masters or Doctoral level degree; while in certain specialties a Ph.D. is notably more common than in others, it is hardly ever the majority (except in academia). In fact, the perceived need for some kind of graduate credential is so strong that some undergraduate BME programs will actively discourage students from majoring in BME without an expressed intention to also obtain a masters degree or apply to medical school afterwards.

Graduate programs in BME, like in other scientific fields, are highly varied, and particular programs may emphasize certain aspects within the field. They may also feature extensive collaborative efforts with programs in other fields (such as the University's Medical School or other engineering divisions), owing again to the interdisciplinary nature of BME. M.S. and Ph.D. programs will typically require applicants to have an undergraduate degree in BME, or another engineering discipline (plus certain life science coursework), or life science (plus certain engineering coursework).

Education in BME also varies greatly around the world. By virtue of its extensive biotechnology sector, its numerous major universities, and relatively few internal barriers, the U.S. has progressed a great deal in its development of BME education and training opportunities. Europe, which also has a large biotechnology sector and an impressive education system, has encountered trouble in creating uniform standards as the European community attempts to supplant some of the national jurisdictional barriers that still exist.
Licensure/Certification
Engineering licensure in the US is largely optional, and rarely specified by branch/discipline. As with other learned professions, each state has certain (fairly similar) requirements for becoming licensed as a registered professional engineer ("PE"), but in practice such a license is not required to practice in the majority of situations (thanks to an "exception" known as the private industry exemption -- which effectively applies to the vast majority of American engineers). This is notably not the case in many other countries, where a license is as legally necessary to practice engineering as it is for law or medicine.

Biomedical engineering is regulated in some countries, such as Australia, but registration is typically only recommended and not required. In the UK, mechanical engineers working in the areas of Medical Engineering, Bioengineering or Biomedical engineering can gain Chartered Engineer status through the Institution of Mechanical Engineers. The Institution also runs the Engineering in Medicine and Health Division. 
The Fundamentals of Engineering exam -- the first (and more general) of two licensure examinations for most U.S. jurisdictions—now covers biology (although technically not BME). For the second exam, called "Part 2" or the "Professional Engineering" exam, candidates may select a particular engineering discipline's content to be tested on; there is currently not an option for BME with this, meaning that any biomedical engineers seeking a license must prepare to take this examination in another category (which does not affect the actual license, since most jurisdictions do not recognize discipline specialties anyway). However, the Biomedical Engineering Society (BMES) is, as of 2009, exploring the possibility of seeking to implement a BME-specific version of this exam to facilitate biomedical engineers' pursuing licensure.

Beyond governmental registration, certain private-sector professional/industrial organizations also offer certifications with varying degrees of prominence. One such example is the Certified Clinical Engineer (CCE) certification for Clinical engineers.
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   Georgia Performance Standards

HS-IBT-3. Students will understand the basis for biotechnology products and how such products affect the quality of life.


b. Identify examples of technologies used in the biotechnology industry.


d. Review current trends in the biotechnology industry.

HS-IBT-4. Students will analyze careers in human health and diagnostics, biomanufacturing, environmental applications, and agriculture that utilize biotechnology.


a. Examine careers in human health and diagnostics that utilize biotechnology.


b. Examine careers in biomanufacturing that utilize biotechnology.


c. Examine careers in agriculture that utilize biotechnology.

HS-ABT-8. Students will demonstrate understanding of advanced applications in biotechnology.


a. Describe how biotechnology has contributed to the advancement of biology impacting human well being to include: 
     forensics, cell biology, cancer treatment, epidemiology of infectious disease, nanotechnology, bioinformatics, genomics, 
     stem cell biology, transgenics, and gene therapy.
HS-IHS-9. Students will analyze economic, social, and ethical issues related to the use of biotechnology. 


a. Differentiate between moral, ethical, and legal biotechnology issues. 


b. Research ethical issues presented by evolving science, including genetically modified foods, cloning, bioterrorism, gene 
     therapy, and stem cells. 
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 License & Verification
Text is available under the Creative Commons Attribution-ShareAlike License; additional terms may apply. See Terms of Use for details. - http://creativecommons.org/licenses/by-sa/3.0/

Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a non-profit organization.

Website Sources: 
http://en.wikipedia.org/wiki/Biomedical_engineering
This document, originally from Wikipedia, has been modified
and the information has been independently verified.
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(Left: A JARVIK-7 artificial heart, an example of a biomedical engineering application of mechanical engineering with biocompatible materials for cardiothoracic surgery using an artificial organ.)








(Right: Artificial limbs: The right arm is an example of a prosthesis, and the left arm is an example of myoelectric control.)
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