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BIOMEDICAL ENGINEER I
AT A GLANCE

Requirements

z[Analytical, math,
and problem-
solving skills

TS Personal
Minimum Educational Qualities

[ |

[ |

ZCommunication
skills

/] Creativity

z High ethical
standards

m A desire to help
others

[ |
| m |
Median Pay in 2016 $85,620 4
|
: Growth rate through
2026
21,300
Number 770
Of jObS as —-
of 2016 Future Job Outlook

Source: Bureau of Labor Statistics, Occupational Outlook Handbook. www.bls.gov.
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CHAPTER| 5

Advancement
and Other Job
Opportunities

Biomedical engineers can advance their careers through experi-
ence and education. Earning advanced degrees and/or job pro-
motions or transfers to other jobs can result in higher salaries for
these engineers. These achievements can also elevate individu-
als’ status within the discipline and increase their influence at a
particular company or institution.

Advanced Degrees

Earning a bachelor’s degree in biomedical engineering allows
many people to find a job right away, but many others continue
their education to earn master’s or PhD degrees in biomedical
engineering or related fields. Some graduates earn a master of
business administration (MBA) to gain expertise in the business
aspects of biomedical engineering. Others pursue advanced de-
grees from a medical school (MD, or doctor of medicine) or law
school (JD, or doctor of law).

Typically, people with graduate degrees earn higher salaries
and can advance to leadership positions within companies or ac-
ademic institutions. According to Salary.com, in 2017 the median
salary for a new biomedical engineer with a bachelor’s degree
was $50,413 to $55,224 in the United States. A midlevel job for a
biomedical engineer with a master’s degree and five to ten years
of experience paid a median of $88,225 to $94,888. The median
salary range for a senior engineer with more than fifteen years’
experience and a PhD, MD, or JD was $92,140 to $102,581.
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Advancement in Academia
Biomedical engineers with a PhD often become college or uni-
versity professors who teach and conduct research in their own
laboratories. They are often considered to be authorities in their
field and may be consulted by private businesses or government
agencies to serve as advisers on technical or public health policy
issues. Income from consulting can add to a professor’s earnings.
Biomedical engineers in academia who obtain patents for the
products or techniques they invent can also earn money when-
ever the rights to use the patented item are sold. Actually, the
university and the inventor both obtain these patents and reap
the benefits. In many cases professors start their own compa-
nies to produce and sell the patented items. Some of these pro-
fessors end up leaving academia because they earn far more
money as entrepreneurs. But many who form companies remain
in academia; some hire managers to

“I realized that I've never
been interested in
creating products solely
for making money.

To me, it’s about the
excitement and passion
of coming up with
solutions to some of the
most difficult problems
that afflict humans.”34

—Dr. Kyriacos Athanasiou
of the University of
California—Irvine

run the company, and some work part-
time at the company. For example, Dr.
Kyriacos Athanasiou at the University
of California—Irvine has been creating
and patenting new drug delivery sys-
tems and biomaterials since the 1990s
and has created several companies
that license the technologies. He says
he thought about leaving academia to
run these companies, but “I realized
that I’ve never been interested in creat-
ing products solely for making money.
To me, it’s about the excitement and
passion of coming up with solutions to

some of the most difficult problems that afflict humans”* and
sharing that excitement with students. So he leaves the business
aspects of his companies to managers.

Professors who remain at a college or university for a set
amount of time can also receive tenure, which provides job secu-
rity, status, and often more money than untenured positions. The
American Association of University Professors defines tenure as
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Biomedical engineers who want to take on new challenges
sometimes turn to academic research and teaching. More
money and an enhanced reputation may result for engineers

who develop new products or techniques through their research.

“an indefinite appointment that can be terminated only for cause
or under extraordinary circumstances” and notes that its main
purpose is “to safeguard academic freedom. . . . If faculty mem-
bers can lose their positions for what they say in the classroom
or for what they write in an article, they are unlikely to risk ad-
dressing controversial issues.”®® Tenure often allows professors to
undertake research that may not provide immediate results, since
unlike untenured professors, those with tenure cannot be fired for
failing to publish a certain number of research papers each year.

Professors can also advance to lead departments or entire
schools. Gilda Barabino, for instance, is the dean of the Grove
School of Engineering at the City College of New York, as well as
being a professor of biomedical engineering and chemical engi-
neering. She was previously a professor of biomedical engineer-
ing and the first vice provost for academic diversity at Georgia
Tech, and she is known for her advocacy and efforts to promote
diversity nationwide. These efforts stemmed from obstacles she
encountered as both a woman and an African American. In fact, a
remark by her high school chemistry teacher in the 1970s spurred
her decision to pursue a career in science. “She told the class that
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Biomedical engineers are thus working to improve these products,
and new talent and ideas are needed to support these efforts.

Once better materials are developed, other biomedical engi-
neers are needed to determine the best ways to manufacture the
products, market them to hospitals and doctors, and teach sur-
geons to use them. There is thus an ongoing need for biomedical
engineers with different specialties to see products through from
idea to use in health care settings.

Emerging Roles for Biomedical
Engineers

Biomedical engineers are improving the technologies needed for long-
distance telesurgery, but there are still obstacles to overcome. One
such obstacle is that telesurgery requires high-speed visual, voice, and
computer data communications connections to eliminate delays after a
surgeon sends commands to a distant robot. Any delays could result in
botched surgeries. Thus, high-speed Internet connections are being used.

However, cybersecurity experts note that Internet-connected commu-
nications open telesurgery to hackers. In fact, in 2015 Tamara Bonaci at
the University of Washington revealed that her research indicates that
telesurgeries which utilize the Raven Il robot are subject to cyberattacks.
Bonaci is an electrical engineer who studies security issues related to
emerging biomedical technologies. “Due to the open and uncontrollable
nature of communication networks, it becomes easy for malicious enti-
ties to jam, disrupt, or take over the communication between a robot and
a surgeon,” she states. This could result in patient deaths. Even when
Bonaci and her team encrypted the communications, it was still possible
for hackers to interfere. This highlights the ways in which new biomedical
engineering roles and subspecialties—such as biomedical engineers with
expertise in cybersecurity—are emerging all the time.

Quoted in MIT Technology Review, “Security Experts Hack Teleoperated Surgical Robot,” April 24, 2015. www
.technologyreview.com.
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Replacing Retirees

Another factor driving the increasing need for biomedical engi-
neers is that a significant number of biomedical engineers in in-
dustry and academia are expected to retire by the mid-2020s,
creating job openings for new engineers. Recruiting efforts to re-
place these teachers and researchers are ongoing at universities
like Cornell, which states it launched the Faculty Renewal Sesqui-
centennial Challenge in 2010 “to recruit

outstanding new faculty inthe face ofan  “\edical and biological
unprecedented number of retirements engineers today are
expected over the next decade.”® This  carving out their own
initiative is being funded largely by do-  path .. . tackling some
nations from Cornell alumni who are  of the grand challenges
committed to maintaining Cornell’s po-  facing the US and the
sition as a top university for biomedical ~ world.”

engineering studies and research.

The need for biomedical engineers
to replace retiring engineers in academia
and industry is not confined to the United States; a 2015 report
by Engineers Canada predicted that Canada would experience a
shortage of one hundred thousand engineers of all types between
2015 and 2025. In March 2017 an article in the University of To-
ronto Engineering Department newsletter noted that “across the
country, thousands of engineers with decades of experience are
about to retire en masse [as a group]”® and called on universities
to train highly qualified engineers, including biomedical engineers,
to fill these vacancies.

—AIMBE

Forging the Direction of Biomedical
Engineering

The newness of biomedical engineering as a formal discipline is
also driving the need for new people. According to the Ameri-
can Institute for Medical and Biological Engineering (AIMBE),
“Medical and biological engineers today are carving out their own
path.” The discipline has continued to evolve since it became a
recognized branch of engineering in the twentieth century. This
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CHAPTER

Interview with a
Biomedical Engineer

Robert Langer is an institute professor of biological engineering
at MIT, where he has taught and done research since 1978, af-
ter earning degrees in chemical engineering from Cornell Univer-
sity and MIT. Langer’s laboratory at MIT is the largest biomedical
engineering laboratory in the world, and he is well known as a
biomedical engineering pioneer whose research on drug delivery
methods, tissue engineering, biomaterials, biomechanics, and
molecular engineering has largely shaped modern progress in
these areas. He has written over fourteen hundred research ar-
ticles and obtained more than one thousand patents. He has also
received more than 220 major scientific awards and has founded
many biotechnology companies. He spoke with the author about
his career.

Q: Why did you become a biomedical engineer?
A: | became an engineer because | was good at math and sci-
ence. | became a biomedical engineer because | was looking for
a way to use my engineering background to help people. Most
people who earned chemical engineering degrees in the 1970s
went to work for oil companies, but | wanted to do something
that would help people more. | received twenty job offers from oil
companies like Shell, Chevron, and Exxon, but | wasn’t excited
about working for an oil company. | wanted to use engineering to
make the world a better, healthier place. | was turned down for
the teaching and research jobs | applied for, but finally Dr. Judah
Folkman offered me a low-paying job in his laboratory at Boston
Children’s Hospital doing research to stop cancer by preventing
it from growing a blood supply. | was the only engineer there, but
| loved the work.
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FIND OUT MORE|

Accreditation Board for Engineering and
Technology (ABET)

415 N. Charles St.

Baltimore, MD 21201

www.abet.org

ABET is a nonprofit organization that accredits college and uni-
versity programs that grant associate’s, bachelor’s, and master’s
degrees in natural and applied sciences, engineering, engineering
technologies, and computers. The website contains a list of pro-
grams ABET accredits and also has information about the pur-
pose and standards for accreditation.

American Institute for Medical and Biological
Engineering (AIMBE)

1400 Eye St. NW, Suite 235

Washington, DC 20005

http://aimbe.org

AIMBE is a nonprofit organization that represents medical and
biological engineers and related academic institutions, private in-
dustries, and professional engineering societies in advocating for
relevant public policy issues. The AIMBE website contains arti-
cles that highlight biomedical advances and careers and provides
guidance for students interested in these careers.

Biomedical Engineering Society (BIMES)
8201 Corporate Dr., Suite 1125

Landover, MD 20785

www.bmes.org

The BMES is a professional society for biomedical engineers and
bioengineers. It promotes education and shares knowledge about
biomedical engineering with the public. The BMES allows under-
graduate and graduate students studying biomedical engineering
to join as student members and have access to meetings, work-
shops, and other resources.
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