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FOREWORD

Dr. John Enderle, BME Program Director

This handbook provides an introduction

and some information for students faculty in
the Biomedical Engineering (BME) graduate
program at the University of Connecticut

(UConn). 1t is meant to supplement the
UConn Graduate Catalog and provides ad-
ditional background infor mation on bio-
medical engineering, the application proc e-
dure, the curriculum, the faculty, assistant-
ships, fees and financial aid, and maps of
the campuses. UConn also offers an unde-
graduate BME BS degree wth specialized
fields of study in: Bio chemical engineering,
Bioinformatics, Biomaterials, Biomechanics
(Biosolids, Biofluids, Rehabilitation and Er-
gonomics), Bioinstrumentations, Biosignal
Processing, Biosensors, Biotechnology, Cin-
ical Engineering, Imaging and Image
Processing, Molecular, Cellular and Tissue
Engineering, and Physiological Modeling .
The BME program offers a M.S. and Ph.D.
degree in BME, and also participates in the
UCHC Medical Scientist Training Program

and offer a BME Ph.D. + M.D.

Biomedical engineering involves learning
about biology in new ways and developing
new tools to diagnose disease and to reair
or replace diseased organs. Many students
sdect biomedical engineering to be of serv-
ice to people and for the excitement of wor k-
ing in a health field. Addi tionally, biomed i-
cal engineering provides excelent prepara-
tion for entrance into medical school with ei-
ther the BME BS or MS degrees. At many
schools, there are as many women studying
biomedical engineering as men. Biomedical
engineers work with other medi cal health
care professionals as menbers of a team.
Exciting advances in medicine, such as the
artificial heart, pacemakers, medical imag-
ing techniques, lasers, proghetic im plants,

life support systems, and devices that help
the paralyzed walk, are oftentimes the result
of a team effort by biomedical engineers and
other professionals.

Biomedical engineering activities at UConn
have a rich 40+ year history of success and
accomplishment. The main campus of the
University of Connecticut educates nearly
25,000 students within facilities that include
120 major buildings on 3100 acres in Storrs,
CT. UConn is in the midst of a $2.3 billion
program to renovate the campus, and add
new buildings and facil ities. The BME Pro-
gram is located at the main campus in Storrs
(20 miles east of Hartford and 35 miles north
of New Lon don) and at the Health Center in
Farmington (approximately 10 miles west of
Hartford). Diversity and excellence, hall -
marks of the academic program, describe
the cultural life of the University. Students
may be participants or spectators in a full
roster of campus events.

The BME faaulty and their cur rent research
interests are describedat our web site at:

http://www.bme.uconn.edu

Under the direction of faculty who are lea d-
ers in their fields with extensive government
and industry spon sored research programs,
along with excellent research and educa
tional facilities, create an ideal environm ent
for studying BME at UConn. For more in-
formation contact:

Dr. John D. Enderle

BME Program Director

University of Connecticut

260 Glenbrook Road

Storrs, CT 062692247 .

Phone: (860) 4866521.

E-mail: jenderle@bme.uconn.edu


http://www.bme.uconn.edu/
mailto:jenderle@bme.uconn.edu
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INTRODUCTION

Biomedical Engineering

Biomedical Engineering (BME) is profession involving engineering and the life sciences, physical
sciences andmedical science tounderstand problems in physiology and biology and improve
human health.

The goal of the biomedical engineering graduate program is to provide students the interdiscipl i-
nary training in biological and medical sciences, physical sciences, and engineering recessary to
solve complex biomedical problems. Faculty members from engineering, biomedical sciences, na-
terials sciences,chemistry, physics, medicine, and dental medicine form an interdisciplinary
graduate degree program that spansthe University of Conne cticut campuses at Storrs and atthe
Health Center (UCHC) in Farmington.

Biomedical engineering can embrace the following diverse yet complementary research areas: I
ochemical engineering, bioinformatics, bioinstrumentation, biomaterials, biomechanics, biomedi-

cal imaging/biosignal processing, biosensors, biotechnology, cellular and tissueengineering, clin-

ical engineering, ergonomics, medical informatics, physiological systems modeling, and rehabili-

tation engineering. An ent eri ng st ude mtludatstraipimgimayae ig enginealiegr g r
the physical sciences,medicine or biology. However, all students must demonstrate competence

in mathematical analytical methods, certain basic and advanced skills in engineering and com-

puter science, as well as knowledge of corefundamentals of biomedical engineering at the time of

their graduation. Plans of study are developedin consul t ati on with time stu
mittee, are designed to meet individual needs and program requirements.

Examples of work done by biomedical engineers include:

1 Designing and constructing cardiac pacemakers, defibrillators, artificial kidneys, blood
oxygenators, hearts, joints, arms, and other prosthetic devices.

91 Designing computer systems that monitor the various systems of the human body, i.e.
EKG monitors.

1 Designing instruments for therapeutic uses, e.g. lasers for eye surgery, automatic drug
delivery systems.

1 Constructing mathematical models of physiologic systems, e.g. the cardiovascular sys-
tem.

1 Applying the principles of biomechanics to injury, wound healing, gait analysis, etc.

1 Maintaining, managing, and teaching engineering technology in the hospital enviro n-
ment in support of the correct use of medical equipment.



The Clinical Engineering Internship Program

Clinic al engineering is the application of engineering methods and technology to the delivery of

health care. The clinical engineer is a member of the health care team responsible for the ma-
agement of medical technology in the hospital environment. The tasks that a clinical engineer
provides include supervising a clinical engineering department, designing or modifying sophist i-
cated medical instruments, evaluating new medical equipment for purchase, repairing equi p-
ment, testing the safety of equipment, asset management, vendor service management, projects
(i.e., R&D, re-engineering, new system implementations), regulatory support (i.e., JCAHO [Joint

Commission for the Accreditation of Healthcare Organizations], CAP [College of American P a-
thologists]), and instru cting clinicians (nurses) in the proper use of medical equipment. Clinical

engineering, therefore, involves the application of engineering techniques to health care delivery.

The Clinical Engineering internship program offers an in -depth, rigorous, clini cal experience that
matches the engineering expertise gained in the classroom. The primary objectives of this intense
internship program are as follows:

1 Provide exposure to hospital organization and administrative functions.

1 Permit hospital experience of clinical engineering; that is, provide an opportunity to
apply engineering techniques to patient care and hospital-based research.

1 Provide substantial experience working with hospital personnel, including administr a-
tors, nurses, technicians, and medicalstaft.

These objectives are not traditional classroom experiences; rather, they emphasize the practical
side of health care technology. They are achieved not only by observing, but also by actually
working on projects in the clinical environment. All o f these experiences are obtained during two
phases of the internship: a) rotation through a majority of hospital departments during the first
year; and b) in-depth involvement with a significant, clinically oriented project during the second
year of the program. Because the program requires that the intern spend the entire two academic
years working approximately twenty (20) hours per week at the hospital with the remaining time
concentrated in classroom activities, there is ample time for the student to be thoroughly indoctr i-
nated into hospital operation and procedures and to select those courses most helpful to them as
they profit from experience in the clinical environment.

The medical institutions currently participating in the program are as follows:

John Dempsey Hospital (The University of Connecticut Health Center)
Hartford Hospital

Baystate Health System

West Haven VA Hospital

UMass Medical Center (Worcester)

Providence VA Hosptial

Boston VA Hospital

West Roxbury VA Hospital

Rhode Island Hospital (Providence)
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1 Middlesex Hospital

For a more detailed description of the Clinical Engineering Internship Program, see Appendix A.

The Industrial Engineering Internship Program

The Industrial Internship offers an in -depth, vigorous, industrial experience that complement s the
engineering expertise gained in the classroom. The primary objectives of this industrial inter n-
ship program are as follows:

A Provide exposure to the industrial workplace.

A Permit biomedical engineering students an opportunity to apply their engineering knowledge
and expertise in an industrial project.

A Provide substantial exposure working with industrial work groups, including administrators,
engineers, and technicians.

These objectives are not traditional classroom experiences; rather, thg emphasize the practical
side of the engineering problem solving process. They are achieved not only by observing, but al-
so by actually working on projects in the industrial environment. For a more detailed description
of the Industrial Engineering Inte rnship Program, see Appendix B.



BME PROGRAM INFORMATION

Application, Admission Procedure and Deadlines

Students with a B.S. degree in BME are ideally suited for the BME M.S. and Ph.D. studies at
UConn. Students with a B.S. degree in either engineering or physical sciences or mathematics
may seek admission to the BME Program atUConn. Students with a non-BME engineering de-
grees will need to take at least the required undergraduate BME courses at UConn (BME 211, 221,
251,252, 261W, and 271) Students with life science undergraduate degrees must take remedial
course work in basic and advanced engineering and mathematics (two years through differential
equations) and the required undergraduate BME course at UConn. Note that these undergr a-
duate courses do not count toward the BME graduate program degree requirements.

The GRE and TOEFL (minimum score of 550) are requiredonly for students with an undergr a-
duate degree from a non-US institution. While there are no minimum GRE requirements, siu-
dents entering the graduate program score well above 700 out of 800 in the quantitative portion of
the GRE. Graduate applications are received throughout the year and processed as they are &-
ceived.

An application form for graduate study is available on -line at:

http://www.grad.uconn.edu/applications.html

The BME graduate program does not require or review preliminary applications. All stu dents in-
terested in applying to the program (domestic and international students) should apply online or
download the application as if their address was within the United States. Hard copies of the ap-
plication forms may be obtained via email at intlstd@gris.grad.uconn.edu or by writing to:

Graduate Admissions
Whetten Graduate Center
438 Whitney Road, Ext. U-6A
University of Connecticut
Storrs, CT 062691006

Applicants are required to submit to the Graduate School :

three letters of recommendation (preferably from members of the academic profession)

a personal letter from the student describing their interest in biomedical engineering and any
other informatio n that might be helpful for evaluation purposes

G transcript

G
G

On the application form, specify Biomedical Engineering in Field of Study. In your personal
statement indicate the area of mncentration you wish to pursue selecied from the following list:
Bioctemical Engineering; Biomaterials; Biomechanics; Rehabilitation Engineering; Ergonomics; Bioi
strumentation; Biosensors; Biotechnology; Cellular and Tissue Engineering; Clinical Engineering; Imaging
and Biosignal Processing; Physiological and BiomedicaleMayl In addition to selecting an area of



http://www.grad.uconn.edu/applications.html
mailto:intlstd@gris.grad.uconn.edu

concentration, applicants to the Industrial Internship Program should also write Industrial Intern-
ship Program.

Application Processing Fee
A non-refundable fee must accompany the application. It may not be applied toward other
charges. This fee must accompany every application submitted except for a doctoral degree pro-
gram to follow immediately a master's degree program in the same field at this University. There
Is absolutely no waiver for this fee.

Financial Support

Financial support (graduate assistantship) is offered by the BME Graduate Program through r e-
search and teaching assistantships. Research assistantships are provided directly from the BME
faculty. Applicants should correspond directly with the faculty members that best match their re-
search interests to learn about research assistantship opportunities. Teaching assistantships are
only awarded to current graduate students with the necessary background for the course. There
is no financial aid f orm used by the BME graduate program.

International Applicants
Students who are not United States citizens or permanent resident aliens must meet additional
requirements before their admission is finalized.

1. They must present documentary evidence of their ability to meet all expenses for at
least the first year of study and an acceptable plan for financing the remainder of
their program.

2. Students whose native language is not English must show evidence of proficiency in
the English language by having earned either a computer-based score of at least 213
or a written score of at least 550 on the TOEFL (Test of English as a Foreign La
guage), administered by the Educational Testing Service, Princeton, New Jersey
085416151. University policy requires that all graduate students who will be ser v-
ing as teaching assistants will be required to present evidence of competence in sp-
ken English. This may take the form of a score of 50 or better on the Test of Spoken
English if the student's native language is not English and if the student does not
hold a degree from an Anglophone college or university. Further information is
available from the Graduate Admissions Office.

3. The Graduate Record Examination General Test isrequired only for students with a
B.S. degree from a nonUS institution .

Domestic Application Deadlines

Students are advised to file the application for admission several months in advance of the first

semester of course work. All credentials, includin g official transcripts covering all undergraduate

and graduate work taken up to the time of application, as well as the non -refundable processing

fee, must also have been received in the Graduate Admissions Office by these datesBecause e-
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search assistanships are filled far in advance of the deadline for fall and spring admission, pro s-
pective students are encouraged to submit their applications for admission as early as possible.

International Application Deadlines

Applications and credentials from all international students, except permanent residents of the

United States, must be received by the Graduate Admissions Office by April 1 for the fall sem e-
ster and by October 1 for the spring semester.Because research agstantships are filled far in ad-
vance of the application deadline for fall and spring admission, prospective students are encou r-
aged to submit their applications for admission as early as possible.

A graduate student is admitted into the BME graduate pro gram only if a BME faculty has agreed
to serve as the major advisor. Applicants are encouraged to communicate directly with a pote n-
tial major advisor at the time of the graduate application submission.

The minimum GPA for admission to the BME graduate program is 3.0, which makes the cand-
date eligible to be admitted with the O0ORegul ard

Applicants with a GPA just below a 3.0, may on rare occasions, be admitted to the graduate pro-
gram with the status of a 0Pr &nadfisancanaal lpassiblg fomad u a t
OProvisional é6 status graduate student. After t
or better GPA, the status i s c hfastudeatdwith a grate av-Pr o \
erage below 3.0 GPA are removedfrom the program.

M.S. Degree and Curriculum

The BME program offers both a Plan A and a Plan B MS degree. Once a student begins a Plan A
MS degree program and receives a graduate research assistantship, he or she can switch to a Plan
B only if approve d by the BME Program Director and Major Advisor. Note that BME 310 is
waived as a required course if PNB 264 and 265 have been taked in this case, the candidate can
take any BME graduate course as a substitute for BME 310.

Plan A

The Plan A Master of Science in Biomedical Engineering requires a total of eight (8) graduate
courses (24 credit hours), nine (9) credits of Master's Thesis Research (GRAD 395), as well as the
writing of a thesis. The following courses are required for all MS students (except Clinical Engi-
neering Interns 8 See Appendix A for requirements) to satisfy graduation requirements:

BME 310 (Physiological Systems I)

BME 311 (Clinical Instrumentation) or BME 354 (Bioinstrumentation)
BME 312 (Human Biomechanics)

BME 313 Biomaterials & Tissue Engineering

BME 315 (Physiological Modeling)

= =4 =4 -8 4

The remaining courses are taken only from the BME course offerings, and should be from engi-
neering disciplines related to the student's background, interests and future career plans. Most
classes meet ore night per week in the evening, Monday through Thursday, usually from 6 -9 PM.
The BME Program Director must approve any exceptions to the course requirements.



Students are expected to present and publish t
their paper accepted) before graduation.

Plan B

The Plan B Master of Science in Biomedical Engineering requires a total of ten (10) graduate
courses (30 credit hours). The following courses are required for all MS students (except Clinical
Engineering Interns d See Appendix A for requirements) to satisfy graduation requirements:

BME 310 (Physiological Systems )

BME 311 (Clinical Instrumentation) or BME 354 (Bioinstrumentation)
BME 312 (Human Biomechanics)

BME 313 Biomaterials & Tissue Engineering

BME 315 (Physiological Modeling)
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Note that BME 315 is the capstone course for the Plan B Master of Science in Biomedical Enginge
ing. The remaining courses are taken only from the BME course offerings, and should be from
engineering disciplines related to th e student's background, interests and future career plans.
Most classes meet one night per week in the evening, Monday through Thursday, usually from 6 -
9 PM. The BME Program Director must approve any exceptions to the course requirements.

There are nopublication requirements for Plan B MS degree students.

Advisory Committee

The advisory committee is formed after consultation between the major advisor and the student.

This committee must include in addition to the major advisor, at least one BME graduate faculty,
one of whom must hold a current appointment as an associate graduate school faculty member.
Degree programs are planned by the advisory committee after consultation with the student. The

advisory committee may require more than the required minimum 24 credit hours of course work

based on the academic credentials of the student (i.e., the studenhenters the program without a

BME B.S.degree). The advisory committee should be formed before the student has completed
twelve credits of degree program course work and shall then supervise the remainder of the stu-
dent's degree program.

Expectations and BME Program Requirement

The M.S. BME degree takesgwo years to complete. Most students take two classes a semester and

|l eave the summers free to work on their Masiterd
fies a project, writes a Master's Proposal, and after approval from the advisory committee, begins

work on a Master's Thesis.

Non-Degree and Transfer Credit

Up to six credits of advanced course work taken on a non-degree basis at the University of Con-
necticut may be included on a Master's degree plan of study provided the following conditions
are met: (1) the grades earned in such course work areB (not B-) or higher; (2) such course work is
within the six -year limit for completion of Master's degree requirements; and (3) such credits have
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not been applied toward any other degree, here or elsewhere (already completed or to be cam-
pleted in the future). In any event, inclusion of non -degree course work on the plan of study re-
quires the consent of the advisory committee.

Up to six credits of advanced course work completed or to be completed at other institutions may
be approved for transfer to the student's Master's degree program at the University of Connecti-
cut. The following conditions must be met before final approval of any transfer of credit is
granted: (1) the advisory committee must indic ate its approval of the transfer of credit; (2) the
courses must be atthe M.S. or Ph.D.level and be in BME; and (3) the grades earned in any courses
to be transferred must be B (not B-) or higher. Official transcripts of any course work to be tran s-
ferred must be on file in the Graduate Records Office.

Candidacy and Plan of Study

The BME graduate program does not require submission of a plan of study. The PeopleSoft sys-
tem is used to monitor graduate degree requirements. It is important to let th e program director
when you have completed degree requirements (successfully defended and met the course e-
guirements). After this notification, the program director will certify with the graduate school
that the degree requirements have been met.

Courses taken for the BME MS degree shall be consistent with the student's objectives and shall
consist of courses in the BME program at the 300's level or above. In addition to the minimum
number of course credits required for the degree, the advisory committee may require the student
to take other courses(remedial courses) without graduate credit, depending on the student's o b-
jectives and previous preparation. Course credit by examination is not allowed as a means of ac-
cumulating credits to meet the requiremen ts for advanced degrees at this institution.

Masterdbs Proposal, ProjectlorBlandd Thesi s Re
The Masterods Thesis Proposal should be written
items:
1 Title Page with Thesis Title, Student Name and address, Major Advisor, Committee
Members
1 1 Page Executive Summary (Abstract) that describes the problem investigated and its
importance

1 2-3 pages of background information so that the project is placed in historical context or
its importance within the field

2-3 pages on the solution to the problem

A detailed timeline to be followed to the completion of the project

References Cited

A list of any publications in this project that you have authored or co -authored

= =4 —a -9

The Master 6s Thes i desciibes agprojecocartenheun iy the $tualdnt. Style do-
cumentation f or the Masterods Thesis is availablen-fro
cludes the following sections:

i Abstract
9 Introduction



Methods

Results

Discussion

Conclusion

Appendix

List of conference or journal publications authored by the candidate in fulfillment of the
publication requirement.
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The introduction should describe background history that illustrates the relevance of the project.
It should also provide a roadmap for the re st of the thesis.

The advisory committee must approve the topic and scope of the thesis required under Plan A

and upon its completion, ascertain that it represents an independent investigation of a significant

topic and is an important contribution to ong oing research in the candidate's field. The thesis
must be acceptable in literary style and organization. The Master's thesis may not include any da-
ta or research results that cannot be made public at the time of the oral defense. The thesis ise-
garded as an important part of the student's program. It is the student's responsibility to be cer-
tain that the thesis conforms exactly to the specifications prescribed by the Graduate School.

The thesis must be dated as of the calendar year in which all requirements for the degree are
completed. Two high quality copies of the thesis must be deposited in the Graduate Records Of-
fice by the conferral period deadlines of August 31, December 31, or at leastthe Friday before
commencement. Each copy must contain an agproval page bearing original signatures of all

members of the advisory committee. At least 25% rag-content bond paper of at least 20pound

weight must be used for both copies. After binding, both copies become the property of the Ho m-
er Babbidge Library, and the identical second copy is made available for faculty and student use.
If the thesis is lengthy, the Babbidge Library may require that it be bound as more than one vo-
lume.

Final Examination

Near the close of the candidate's period of study -- not later than one year after the completion of
course work or the thesis -- the student must pass a final examination under the jurisdiction of the
advisory committee. The student may not take the final examination before Regular status has
been granted. The advisory committee has discretion to determine whether the examination shall
be written, oral, or both. Invitation to participate in an oral examination is issued by the advisory
committee, although any and all members of the faculty may attend. The examinati on must be
completed by the published deadlines for the appropriate conferral period for the degree to have
that conferral date

The decision as to whether a student has passed or failed the examination rests solely with the
advisory committee, which shal | take into account the opinions of other participating faculty

members. The vote of the advisory committee must be unanimous. Immediately following the e x-
amination, the major advisor shall communicate the results to the student and send a report on
the official form to the Graduate Records Office. If the student has failed the examination or if the

advisory committee considers the result of the examination inconclusive, the committee has the
option of requiring the student to retake it. In such cases, the recommendation must reach the
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