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FROM

THE EDITOR

The 2019 Products of the Year

I

n December, we asked Medical Design
Briefs readers to cast their ballot to
choose from our 12 Products of the
Month the technology they felt was the
most significant new introduction to the
design engineering community in 2019.
This year, our two winners represent new
imaging capabilities for medical devices
and a advances in manufacturing. Here
are the winners of the 2019 Medical
Design Briefs’ Readers’ Choice Products
of the Year.
■ Image Signal
Processors
OmniVision
Technologies, Santa
Clara, CA, has expanded its medical
image signal processor (ISP) family, designed to pair with its high-performance
medical image sensors for quick integration into single-use and reusable endoscopes as well as catheters. Five new

OVMed® processors provide resolution of
up to 4K2K, while supporting streaming
video at 60 frames per second. Products in
the Pro line accept up to 4-lane digital
MIPI/sub-LVDS input. They can connect to image sensors via longer input
cables of up to 5 m. The Pro ISPs feature dynamic shading control, distortion correction, advanced backlight
compensation, an automatic exposure
and gain control window, and exposure weighting and compensation.
Two new ISPs (Mini and Pro)
offer dual-channel processing that supports 3D
stereoscopic imaging. All
products are certified to
comply with IEC 60601
(ESD, EMC, EMI, patient isolation), IEC 62304 (software quality),
and ISO 14971 (risk management).
For Free Info, Visit
http://info.hotims.com/76501-360

■ Ultrasonic Welder
Cycle time, changeover, and downtime
can be significantly and efficiently re-

duced with a new ultrasonic welder from
Herrmann Ultrasonics, Bartlett, IL. The
HiQ Dialog offers SoftTouch mode,
which prevents
damage to sensitive joints. High
Motion Control
ensures a calibrated and repeatable process. The
programmable
stroke selection
(start and end
position of the
sonotrode) optimizes cycle time.
The stroke can
be individually
adjusted for the
required
weld
task and for the size of application being
welded.
For Free Info, Visit
http://info.hotims.com/76501-361

Sherrie Trigg
Editor and Director of Medical Content

Better Together

BIOMEDevice Boston - Booth 454
Scan to visit our website now:
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W

hile women are still underrepresented in STEM
fields, including the medical device industry,
those who have chosen science and engineering
as a profession are making a huge impact. The women in
this industry are passionate about bringing solutions to the
market that improve patient outcomes and transform
patient’s lives. They have broken through barriers to go on
to develop transformational devices, fight diseases, and create revolutionary materials. This feature presents insights
from a handful of these women, including industry leaders,
inventors, entrepreneurs, and those inspiring other women
through education.

MicroLumen.com

Innovative solutions. Engineered to your specific requirements.
Realize your vision. Partner with the most innovative team in the industry.

Free Info at http://info.hotims.com/76501-800
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several great summer jobs at our local
steel mill that taught me both the value
of a solid education, and about the variety of opportunities available for me to
pursue in the engineering industry.
I was five years into my engineering
career before I entered the medical diagnostics and devices field with GE
Healthcare, and I have never considered
working in any other space. I am driven by
a passion for bringing solutions to the market that improve patient outcomes and
improve patient’s lives. For me, there is no
better place to drive meaningful innovation than in the medical device space.
Tracy Campbell Accardi

Vice President, Surgical
Robotics Research &
Development, Medtronic
Education: BS Mechanical Engineering, Carnegie-Mellon University; MS
Mechanical Engineering, Rensselaer
Polytechnic Institute.
Awards: General Electric Young
Engineer of the Year – 1981,
Panelist at Massachusetts
Conference for Women, multiple
years; Edison Award – Women
Behind Innovation – 2019 (For
more information on the Edison
Award, see https://www.edisonawards.com/news/women-behindinnovation-tracy-campbell-accardi/)
Board member: Maxim Integrated
and The Science Club for Girls

What led you to choose science
and/or engineering as a career, particularly in the medical device industry?
As a kid, my parents encouraged my
curiosity, and I have always been fascinated to understand how things work. When
I was five, I disassembled an alarm clock
— and I almost got it to work again! My
father understood how to make doing
projects around the house fun, and we
did many projects together. Once, I
helped him build a doghouse, and that
was when I first learned about the
Pythagorean Theorem. Over the years,
my love for math and science grew,
which is why I participated in Explorer
Scouts in high school — a branch of the
Boy Scouts — for engineering.
Throughout my teenage years, I also had

What has been your most rewarding
moment/accomplishment as an engineer/scientist in the medical industry?
I am strongly driven by opportunities to
do what others have thought impossible
and have had the chance to do just that several times in my career. Over the course of
my career in medical device and diagnostics research and development, I have had
the opportunity to work on truly transformational devices in several fields, including
interventional radiology, neurosurgery,
gynecological surgery, breast cancer detection, and surgical robotics. When I worked
at GE, I led the software team that introduced the company’s first entry into general radiology ultrasound. I also spearheaded
the GE team that demonstrated the clinical
performance of digital 2D mammography.
At Philips, my team introduced the world’s
first 3D transducer for imaging the entire
heart in real time, and at J&J, my team
introduced critical improvements in the
treatment of hydrocephalus and chronic
pain. At Hologic, I led the research and
development team responsible for bringing to market the world’s first 3D mammography solution, the Genius™ 3D
Mammography™ exam, which is the only
mammogram clinically proven to detect 20
to 65 percent more invasive breast cancers
compared to 2D alone.
What advice would you give to other
women looking to work in biomedical
engineering and science?
Build and use your network to identify
places in the biomedical space to make a
difference and build your career. I was late
to the concept of leveraging my personal
network and have seen great value in having people across companies and industries
I can reach out to with questions. It’s never
too early to start your LinkedIn profile!
Go after interesting internships aggressively. It’s hard to know where you
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might want to start your career, and
internships can really help you see what
different roles and companies are like
without a long-term commitment.
Experiment with different company sizes
to see where you feel more comfortable.
Look for real projects to work on and an
environment where mentors will provide
you constructive feedback and support.
Finally, throughout your career, challenge yourself to be a better contributor
every day. Understand what is expected
of you in any role and figure out how to
exceed expectations. Earn the right to
be recognized for what you have accomplished and confidently advocate for
yourself without apology.

Anne F. Booth

Owner/President, Booth
Scientific Sterilization and
Quality System Professionals
Education: MS, zoology, biochemistry, University of Michigan; BA
biology, chemistry, Wilson College

What led you to choose science
and/or engineering as a career, particularly in the medical device field?
I was always interested in nature as a
child. In high school and later in college,
I chose biology as my major, chemistry
my minor. Initially, I worked as a lab tech,
followed by a long career in the medical
device industry as an industrial microbiologist. The last 20 years were spent as an
independent self-employed consultant.
What has been your most rewarding
moment/accomplishment as an engineer/scientist in the medical field?
I was able to run a profitable independent consulting business, helping
and teaching others about microbiology
and sterilization. As an experienced
Medical Design Briefs, March 2020
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quality and sterilization professional
with an in-depth knowledge of quality
systems and sterilization process design,
I have made significant contributions to
improve operating efficiency, reduce
costs, and enhance profits for a wide
variety of medical devices, packaging,
and pharmaceuticals.
What advice would you give to other
women looking to work in biomedical
engineering and science?
I think it’s wise to consider an
advanced degree if you are interested in
engineering or science. This may allow
you to successfully choose better opportunities for employment and advancement.

Ulkuhan Guler

Assistant Professor, Worcester
Polytechnic Institute
Education: Georgia Institute of
Technology, Post-Doc., Electronics
Engineering; Bogazici University,
Ph.D., Electronics Engineering; The
University of Tokyo, M.Sc.,
Electronics Engineering; Istanbul
Technical University, B.Sc.,
Electronics and Communication
Engineering
Awards:Early Career Investigator
Fellowship 2019–2020; Awarded by
Interstellar Initiative (presented
jointly by the Japan Agency for
Medical Research and Development
(AMED) and the New York
Academy of Sciences (NYAS));
Women’s Young Investigator
Fellowship 2018–2019, Awarded by
the WPI’s Women Impact Network

What led you to choose science
and/or engineering as a career, particularly in the medical device field?
I always had a great interest in math
and science when I was a kid. I used to
play with electronic devices at home and
try to fix the broken parts. So, actually,
this interest started at a very early age.
After I moved to the United States, I saw
the quality of research being conducted
in the biomedical field. The number of
opportunities and incentives are tremendous here. This continues to motivate
me because when I spend an effort on
creating something, I know that there are
available resources and people who know
the value of the work to support me.
What has been your most rewarding
moment/accomplishment as an engineer/scientist in the medical field?
The transition from the design stage of
an idea to the test stage is a fantastic feeling. When the device starts to function in
a way that you have designed it, you finally get to see all the math and science
equations that you worked so hard on
start to operate like magic. Another
rewarding moment for me is seeing the
growth of my graduate and undergraduate students, how they start to build up
their knowledge and position themselves
in their chosen field.
What advice would you give to other
women looking to work in biomedical
engineering and science?
Once you have determined your interest and understand your talents that will
help make you successful, start to learn as
much as you can about the topic. Make it
your passion, and learn about research
opportunities, networking groups, and
support systems. Try to reach out to
organizations and get some responsibilities to be a part of a community. That will
open up a big network of people who are
willing to help with the promotion of passionate juniors. At the end of the day,
every effort they put in will contribute to
advancing the knowledge and tools to
better human health. This is the ultimate
motivation and reward.

WOMEN IN SCIENCE – THE FACTS
According to UIS data, less than 30 percent of
the world’s researchers are women. While
worldwide figures of women students and graduates in higher education have grown steadily
in the last decade, women are still a minority
in STEM fields, both in numbers of graduates
(especially at the PhD level), and in the
research profession. Source: UNESCO
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Robyn Meurant

Executive Director, Regulatory
Services, IVDs and Medical
Devices, NSF International
Education: B App Sc (Medical
Technology)
Awards:Distinguished Service
Award, The Australian Society for
Microbiology, Inc., 2009

What led you to choose science
and/or engineering as a career, particularly in the medical device industry?
I grew up in a family with a personal
realization that science directly impacted
our lives. My mother’s two-year-old sister
missed the round of vaccination for diphtheria and died in her dad’s arms not long
after, and my father was a horticulturalist
who changed international practices
through his daily efforts. We were encouraged to be creative, to learn, and to love
this planet! Growing up poor and in the
tropics made these aspects seem effortless.
What has been your most rewarding
moment/accomplishment as an engineer/scientist in the medical industry?
My time at the World Health Organization was the most rewarding, especially during the 2014 Ebola Virus outbreak,
but to decide on a single moment, it was
when I was around 30 and loving life while
working as a young lab scientist in infectious diseases. I was observing a set of
pathology results that, in view of the clinical history and other findings, made no
sense (and which the medicos had
missed.) By following my intuition and
medical knowledge and pursuing the issue
instead of signing off on “just another
pathology result,” my effort ultimately led
to potentially saving someone with significant pancytopenia from dying of undiagMedical Design Briefs, March 2020
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nosed malaria. It led me to realize that we
all can make a difference if we take our
work seriously, pay attention, embrace
learning opportunities, and keep asking
questions.
What advice would you give to other
women looking to work in biomedical
engineering and science?
Go for it! The future is limitless, so do
not limit yourself. Find good mentors.
Apart from my parents, several of mine
have been women, often with multiple
kids and serious jobs with incomprehensible hours, and they were brilliant at home
and with their families. I cannot follow in
their footsteps, but I enjoy trying to do my
best in all I do, within my own capacity. But
for sure, a number are also men. If you are
a mature scientist or engineer, remember
for better or for worse, you are an example. Make the most of this opportunity.

What led you to choose science
and/or engineering as a career, particularly in the medical device industry?
My high school chemistry teacher was
amazing and made me believe that I
could create any molecule I want if I
study and work hard in the lab, so I did.
I became very passionate about creating
new material/chemical that could one
day solve existing problems or make
human lives easier. In order to achieve
that goal, I needed an engineering
degree; therefore, I got my masters in
material science and engineering.
Pretty fast, I realized that polymeric
materials were taking over the world, so I
decided to pursue a PhD in polymeric
materials. Biomaterials were the most
interesting and challenging to me, and I
was determined to create a new hydrogel
that would completely restore human
skin after any injury. During my postdoc,
I consulted couple of medical devices
startups, which gave me an opportunity
to understand industry’s needs. The medical device industry was creating many
innovative technologies, and I wanted to
be part of the process, so I never stopped
applying for a job in medical industry.
What has been your most rewarding
moment/accomplishment as an engineer/scientist in the medical industry?
Meeting people who are currently
using the device I worked on and seeing
how it changed their lives.

Ekaterina Tkatchouk

Principal Engineer, Edwards
Lifesciences
Education: California Institute of
Technology (CALTECH)
Postdoctoral Scholar, University of
California Los Angeles (UCLA)
Postdoctoral Scholar, National
University of Mexico (UNAM)
Doctorate (Ph.D.) in Polymer
Materials Science and Engineering,
National University of Mexico
(UNAM) Master (M.S.) in Materials
Science and Engineering, National
University of Mexico (UNAM)
Bachelor with Honors in Chemistry
Awards:UC MEXUS-CONACYT fellow

What advice would you give to other
women looking to work in biomedical
engineering and science?
Be curious, be patient and persevere.
The medical industry is highly regulated,
and so there is a lot of responsibility on
your shoulders when it comes to designing
a medical device. Keep in mind that anything you do might impact someone’s life.

Leading Women Scientists in
American History
Ida Bengtson (1881-1952) – first woman to be
employed as a scientist at the Public Health
Service’s Hygienic Laboratory
Alice Catherine Evans (1881-1975) – U.S.
Hygienic Lab, worked on team to improve the
serum treatment for epidemic meningitis
Sara Branham Matthews (1888-1962) –
credited with the discovery and isolation of the
virus that causes spinal meningitis
Margaret Pittman (1901-1995) – NIH, recognized
for her work on an improved and standardized
pertussis (whooping cough) vaccine
Source: HHS.gov
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Maryam Zahabi

Assistant Professor of
Industrial and Systems
Engineering, Texas A&M
University
Education: PhD Industrial &
Systems Engineering, North
Carolina State University; PhD
Minor Statistics, North Carolina
State University; MS Industrial &
Systems Engineering, Sharif
University of technology; BS
Industrial & Systems Engineering
Sharif University of technology,
2011.

What led you to choose science
and/or engineering as a career, particularly in the medical device field?
I always had a passion to understand
human behavior and how to improve
the performance of human in systems.
Therefore, I decided to choose industrial and systems engineering as my
major and future career with a focus on
human-systems engineering. I am especially interested in applications of
human-systems engineering in healthcare and rehabilitation domain to
enhance the quality of life for specific
population.
What has been your most rewarding
moment/accomplishment as an engineer/scientist in the medical field?
The most rewarding moment for me
as an instructor is when I see my students applying the knowledge their
learned in their courses to make the
world a better place for everyone. I am
very proud of their success and am grateful to have an impact on their journey.
As a researcher in health and humansystems engineering area, the most
rewarding moments are when I see the
Medical Design Briefs, March 2020
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What advice would you give to other
women looking to work in biomedical
engineering and science?
Human (or the user) should be the
center of all designs. Understanding
human capabilities and limitations is the
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from choosing science and engineering
as their careers.
This article was written by Sherrie Trigg,
Editor/Director of Medical Content for MDB.
She can be reached at strigg@techbriefs.com.

The Future for Women in
STEM
The women highlighted
here represent the progress being made by
women across the medical industry. They and
others like them are
inspiring women who
follow in their footsteps
while contributing to
improving healthcare and
patients’ lives through their
dedication to the design and
development of medical technology. They have gone against
stereotypes, gender bias, and other
barriers that could have stopped them
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outcomes of our research can help people and improve their quality of life. For
example, our research in electronic
medical records led to a set of design
guidelines to improve the usability of
these devices that can ultimately reduce
documentation errors and improve
patient safety. In addition, our studies in
upper-limb prosthetic devices have led to
understanding of mental workload in
using these devices and identification of
algorithms that can reduce mental workload of prosthetic users and improve
their performance in activities of daily
living. Seeing these outcomes and their
potential impacts are the most rewarding
moments of my career as a scientist.

first step for a successful human-system
interaction. Each individual has different needs and preferences and the best
engineering solutions are those that are
customized to match individual user
needs. To all women in engineering and
science: follow your passion and be confident. Trust what you do and don’t
hesitate to ask questions.
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2020

Mary Hardgrove

BACKGROUND

Assembly Supervisor

Mary began her career in 1987 as a production operator for Sava. At the
time, entirely new to manufacturing, Mary quickly grew fond of building tomorrow’s mechanical cable devices. Identifying this early passion propelled Mary
from entry-level operator to setup lead, involving developing complex procedures for the manufacture of the sophisticated devices she and her team were
creating. From there, Mary was promoted to assistant assembly supervisor. 32
years later, Mary spearheads the entire assembly department, and she and her
team are wholly responsible for Sava providing the world with next-generation
mechanical cable innovations.

ACCOMPLISHMENTS
Mary has been with Carl Stahl Sava Industries for over 30 years and has
seen almost anything that can be achieved with mechanical cable assemblies.
As supervisor of assembly, Mary’s technical knowledge is relied on daily by
Sava’s engineers. Her collaboration with engineering during the critical research and development phases of complex project builds has proven critical
to Sava’s endurance. Sava’s successful execution of complex projects is due
in large part to Mary’s expertise, collaborative nature, and unique ability to
bring concepts to life. We are honored to recognize Mary in this year’s annual
celebration of women in engineering.
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2020

Renee Bernstein

BACKGROUND

CEO, Cotronics Corporation

For almost 50 years, Cotronics’ highly skilled researchers, engineers,
chemists, technicians and sales assistants have provided aerospace, automotive, nuclear, semiconductor, instrumentation, appliance, and chemical processing industries a reliable source of superior quality, high-temperature products specially formulated to meet the demanding specifications required today.
Cotronics’ materials satisfy the most difficult electrical, structural, industrial
and instrumentation application requirements. Our high-temperature adhesives
and materials for electrical, structural and industrial applications provide service
to 4000 °F. Products include: Duralco™ (High Temp Epoxies), Resbond™ (High
Temp Ceramic Adhesives), Rescor™ (Machinable & Castable Ceramics),
Thermeez™ (Insulation Materials), Durabond™ (Maintenance & Repair Products)
and High Purity Materials. Call 718-788-5533 or email: sales@cotronics.com
for Cotronics’ application engineers for technical information, adhesive suggestions and custom solutions.

ACCOMPLISHMENTS
Renee Bernstein, CEO of Cotronics Corporation, has a BS degree in Chemical
Engineering and a MS degree in Material Science where she studied at Columbia
Engineering. In the past 15 years, Renee grew the company 21⁄2 times by focusing
her attention to research and product development, production start up, sales,
and quality control, which included ISO 9001:2015 certification.
“We are excited to earn certification to ISO 9001:2015 and feel it provides
additional assurance to our customers that Cotronics’ technical team of
experts are focused on continuous improvement and customer satisfaction.
Our move to ISO 9001:2015 demonstrates Cotronics’ desire to perform at the
highest levels of quality control and performance,” states Renee Bernstein.
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2020

Mahsa Nakhjiri
Senior Director of Technical
Product Management, Flex

BACKGROUND
Mahsa is a veteran in creating emerging technologies and loves dealing with
their ambiguities and challenges. An engineer and design-focused product
manager, she develops solutions with the best user experience in mind.
Enabling customers to realize their vision with new, inventive solutions is her
passion.
She has a long track record within the wireless and connectivity field, transitioning from systems engineering at Motorola to leading connectivity technology and strategy on the Flex Innovation Team.
Mahsa received her BS.C. and MS.C. in Electrical Engineering from
Chalmers University of Technology in Gothenburg, Sweden and served as
advisory board of director member of Chalmers Alumni Association.

ACCOMPLISHMENTS
Mahsa holds four US patents with a fifth pending. She launched the first 4G
(HSPA+ and DC-HSPA+) and first LTE mobile broadband products in North
America with AT&T, Bell Mobility and received multiple related awards for
design and engineering excellence.
In addition, she co-authored the book "AAA and network security for Mobile
Access".
Mahsa is currently focused on 5G and Edge Computing after serving as an
expert speaker at IDTechEX on 5G the ultimate enabler of Industry 4.0.
In 2019 she was selected by the National Science Foundation for an
ideation workshop on “Industry Perspective on STEM Education for the
Future” to help shape US education.
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2020

Winnie Yu, PhD
Senior Director of Medical
Innovation, Flex - Health Solutions

BACKGROUND
Winnie is passionate about helping customers realize their vision for new
products. In medical devices for only 6 years, she brings beyond-expected
expertise in technology. With a lifelong interest in healthcare, and a natural
aptitude in physics and engineering, Winnie has found a perfect match in the
medtech industry. She worked in R&D and manufacturing in the semiconductor industry and transitioned to business development after business school.
Her engineering and technology background has been instrumental in helping
customers add smart technologies to medical devices.
Winnie has a BS, MS, and PhD in electrical and computer engineering from
Carnegie Mellon and an MBA from Harvard. The complement between technical expertise and her MBA created pivotal points in her insight, impact and
career.

ACCOMPLISHMENTS
Winnie has solved many technical challenges — from DNA assays, to photonics, to sensors to help companies realize their products. She is gifted at
seeing process elements less visible to others and identifying their impact on
yields, efficiency, and function. She holds 9 patents.
By speaking the “languages” of engineering, business, and biology, and
connecting the dots between them with fluency, Winnie can hear, understand,
and translate an idea into a product or solution. She is frequently invited to
speak about innovation to companies looking to pivot or adapt in a changing
landscape.
Winnie’s teaching experience from graduate school has aided her in coaching and helping others succeed in their careers and successfully managing
collaborative teams.
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2020

Yolita Wildman Nugent
Director, Advanced Soft Systems
Integration, Flex

BACKGROUND
As the founder of the Soft Systems program at Flex, Yolita brings electronics, smart textiles and computation together to create new products, digital
experiences and functionalities through fibers and textiles.
She helped establish Flex’s Boston Innovation Center situated in the
Seaport area near universities and R&D centers. Based there, Soft Systems
focuses on smart textiles and novel material processing techniques. It includes
an interdisciplinary team of textile, mechanical, and electrical engineers to rapidly prototype next-gen concepts in the medical, industrial and automotive
industries.
Yolita’s background in Textiles and Apparel Design from the Rhode Island
School of Design, where she earned her BFA, supports her passion for human
performance and improving quality of life.

ACCOMPLISHMENTS
Yolita helped the Department of Defense with a ballistic combat shirt innovation program and led the apparel engineering team. Advanced fibers and
weaving created a life-saving garment used to protect highly vulnerable areas
of the body.
Working alongside MIT, she experienced novel materials that could sense
and respond including quantum tunneling composite textile sensors that could
be used to detect pressure and blunt trauma and be integrated into soft systems.
Yolita holds several patents in electronic textiles. At Flex, she and her team
developed a textile-integrated dry electrode platform that requires no skinpreparation to obtain the bio signals of heart rate and variability, blood pressure trending, blood oxygen, respiration, and body temperature during highmotion activity.

Medical Design Briefs, March 2020

www.medicaldesignbriefs.com

Cov

ToC

21

2020

Jenica Kolhoff

BACKGROUND

Nitinol Applications Engineer

Jenica Kolhoff has worked with Fort Wayne Metals since 2011. As a Nitinol
Applications Engineer, she is an expert in utilizing Nitinol product forms for
medical device design. Jenica graduated from Purdue University with a BS in
Materials Science and Engineering.

ACCOMPLISHMENTS
Working in what is still is a largely male-dominated field, Jenica Kolhoff has
established herself as a subject-matter expert for Nitinol, a material that’s still
considered exotic by many due to its unique shape memory and superelastic
properties. The majority of her career has focused on testing, processing, and
researching the properties of Nitinol wire used in medical applications at one
of the world’s leading Nitinol manufacturing facilities.
Her deep theoretical knowledge and hands-on experience, combined with
her ability to analyze problems and help customers solve design challenges,
has made Jenica one of the most trusted sources of information about Nitinol
for Fort Wayne Metals employees and customers alike.
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2020

Dawn F. Massa Stancavish

BACKGROUND

Chief Innovation Officer & COO

Dawn is a 3rd Generation leader at Massa Products Corporation. She is the
granddaughter of Frank Massa who is considered the “Father of Modern
Sonar Transducers,” and it was his developments in sonar design and production that helped the US and allies win WWII. Since then the family business has
paved the path in industry for electroacoustic products including ultrasonics
and sonars. Dawn and her father Don work together to bring MASSA to new
heights with technology development and manufacturing.

ACCOMPLISHMENTS
Dawn’s focus as Chief Innovation Officer allows her to bring her keen knowledge of MASSA’s capabilities to new customers and markets. She has an
amazing ability to understand customer frustrations when other products or
so-called “solutions” fail, and explore ultrasonics or sonar as an alternate technology. She leads MASSA to create new products to go where other electroacoustics and other technologies have not gone before. Such efforts have even
led to new patents, new products, and ultimately new manufacturing. No one
understands Electroustics like MASSA, and no one understands the possibilities for new solutions like Dawn.
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2020

Katie Farley

BACKGROUND

Product Manager

Kim Jackson
Product Manager

Sue Marchant
Product Management Director

Patricia Santos-Serrao
Product Management Director

Erin Wright
Product Manager

At MasterControl, we develop software solutions that enable life sciences
and regulated companies to develop, manufacture and commercialize lifechanging products. We value diversity of thought, especially when it comes to
product strategy and design. These five leaders bring industry knowledge,
technical expertise, customer voice and success in developing innovative
products to MasterControl. Some of these product leaders built their careers
within MasterControl and some joined the team with expertise and accomplishments from other companies. Together, they bring valuable skills to the
product development teams and are an integral part to the future success of
MasterControl.

ACCOMPLISHMENTS
Katie Farley

Product Manager

Sue Marchant

Product Management Director

Kim Jackson

Product Manager

Patricia
Erin Wright
Santos-Serrao
Product Manager

Product Management Director

These leaders are driving innovation and the next generation of
MasterControl solutions. Their work will provide our customers with tools to
leverage data, increase efficiency and make better business decisions in quality and manufacturing. This team has already developed revolutionary capabilities for Electronic Batch Records (EBR) and Electronic Device History Records
(eDHR) in our Manufacturing Excellence™ Solution. They have delivered
robust and configurable best practices features for quality event management,
developed patented technology for software validation and delivered new
capabilities for clinical operations and regulatory efficiencies in pharma and
biotech. Collectively, they are on the leading edge of quality technology.

Erin Wright
Product Manager

24

www.medicaldesignbriefs.com

Cov

ToC

Medical Design Briefs, March 2020

2020

Dr. Annette Teng

BACKGROUND

CEO

Lisa Wen
Process Engineer

Dr. Annette Teng

Dr. Teng has worked for Promex for over 6 years and is currently the CTO.
She is a key asset to our packaging technology. Her knowledge of the materials, equipment, and processes have enabled us to provide World Class wafer
processing capabilities to Silicon Valley. Dr. Teng advocates, sponsors, and
supervises Promex’s interns. Several have continued to work in the field postgraduation. Dr. Teng served as Chairperson of the Santa Clara EPS Chapter
with a leadership role bringing together the packaging and assembly community through technical seminars and conferences. She also participated in the
Technical working group for the Heterogenous Integration Roadmap, bringing
experts together from various countries to author a packaging roadmap for
public consumption.
Lisa Wen’s international study experience has proved beneficial in her career
and personal growth. She was awarded a full scholarship to study at the
University of Science and Technology in Beijing, and completed her BS Degree
in Material Science, National Taipei University of Technology, Taiwan, and
earned her Master’s in Nanoengineering. She has been a knowledgeable and
dynamic engineer at Promex for over three years. With her prior experience in
semiconductor packaging process engineering, electronics, optical, and medical devices, Lisa has developed a customized dicing process for wafer to
wafer bonding and packaging that supports unique customer applications.

Lisa Wen
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2020

Kristin Edgerton

BACKGROUND

Lead Project Engineer

Kristin has worked at The Lee Company for 11 years. She is a Lead Project
Engineer for the Scientific Products Group with a product focus on miniature
precision dispense pumps and inert valves for use in medical/scientific instrumentation. As a Lead Project Engineer, Kristin is responsible for the design,
manufacturing, and production support of specialized products. She also provides guidance to other Project Engineers to assist them in prioritizing and
managing their projects. She is frequently involved in customer and supplier
communications as well as quality and management objectives.

ACCOMPLISHMENTS
Kristin earned a bachelor’s degree and graduated Magna Cum Laude in
Mechanical Engineering through the University of Rhode Island. She also
earned a master’s degree in Industrial Engineering through the University of
New Haven while working full time for The Lee Company. She has a Six Sigma
Green Belt Certification as well as an IPC-620 Certification and has completed
some courses through MIT Executive Programs and various seminars. She is
a member of the Society of Women Engineers and continues to be involved in
professional development training.
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2020

Sarah Charette

BACKGROUND

Product Manager

Sarah has been with The Lee Company for 9 years and is Product Manager
of the Control Valve Group. In this technical marketing role, she manages a
portfolio of solenoid valves and manifold assemblies used in various applications throughout the world, including kidney dialysis, molecular diagnostics,
respiratory care and environmental monitoring. Sarah facilitates the development of promotional content and product literature, as well as technical and
market-based training for a global team of sales engineers. She also manages
customer relationships and acts as an internal liaison to the Lee product development team, coordinating customized product design and providing marketing input for new products.

ACCOMPLISHMENTS
Sarah earned a bachelor’s degree in Biomedical Engineering and in Spanish
from the University of Rhode Island’s International Engineering Program, during which she also spent a year in Spain attending a local university and interning at a medical device development firm. While working full time at The Lee
Company, she earned an MBA with a concentration in Marketing from
Quinnipiac University. Sarah is a proud mother, wife and daughter and is a
member of the Society of Women Engineers and Tau Beta Pi.
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Embedded
Computer Vision in
Medical Technology:
Focus on Mobile and
eHealth Devices

C

olor video technology
paired with artificial
intelligence holds great
development potential for
the future optimization of
patient care. Mobile systems
have an important role to
play in this context, and
OEMs need solutions that
integrate embedded vision
and embedded computer
technology.
Visual diagnosis is one of
the basic medical examination techniques used by
practitioners. It involves
looking closely at the patient
to diagnose visible structural
or functional changes and is
often performed with the aid
of camera systems these days —
both externally in dermatology
(e.g., to detect skin cancer) and
ophthalmology, and internally in
endoscopy (e.g., for colonoscopies), as
well as in the laboratory in the form of
electron microscopy.1

Mobile fundus cameras, designed like this
thermography pistol or as a mobile endoscope
and equipped with AI, could have a great future.
With the widespread use of such mobile devices in
domestic care or elderly care homes, many eye
diseases in old age could be diagnosed much faster.
(Credit: Suljo/Dreamstime)
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Embedded Computer Vision
Vision Handhelds for eHealth
Applications
Using vision systems to support the
human eye has many advantages. With
the expansion of the 5G network, it is
now also becoming possible to transmit

data live and in real time to gather
expert opinions. When paired with artificial intelligence, the requirements for
such expert opinions can be minimized, because in an adequately
trained system, most images can be

This fundus camera (photo from 2010) required a camera to take pictures and a PC for analysis.
Today’s systems are much more integrated. In the future, AI-based fundus cameras could revolutionize screening for glaucoma, diabetic retinopathy or age-related macular degeneration. (Credit:
Wikipedia/Free Art License 1.3)

Doctors and AI systems alike use images to determine if all the thin vessels of the retina are connected and intact or, when this is not the case, whether follow-up examinations are necessary. This
type of diagnosis contributes to the prevention of eye diseases such as macular degeneration.
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clearly classified as inconspicuous or
conspicuous. While an IT system cannot and should not replace the diagnosis of a medical expert, obtaining an initial assessment or even a second opinion from an AI system could become
standard in the future to make patient
care better and more efficient.
Applications in Dermatology,
Colonoscopy, and Ophthalmology
As scientists at the Massachusetts
Institute of Technology (MIT) have
discovered, it is possible today to measure a patient’s pulse and respiration
using video recordings alone.2 The
naked eye cannot recognize minimal
changes in face color caused by pulsating blood circulation. There are also
already some successful studies for the
early detection of skin cancer.3 Scientists from the German cancer research center DKFZ, the Heidelberg
University Hospital skin clinic, and the
National Center for Tumor Diseases
(NCT) in Heidelberg have programmed an algorithm that can digitally assess suspicious skin changes.
For 100 images of skin abnormalities,
only 7 out of 157 participating dermatologists achieved better results than
the algorithm.
Research is also currently being conducted into AI-based diagnosis of colorectal cancer. The images acquired
during colonoscopy are transmitted to
an AI system that uses 300 characteristics to determine whether an anomaly
is early stage colorectal cancer or a
harmless tumor. Today, common practice is to remove the growth and have it
examined in the laboratory — a
process that is equally arduous for
patients and hospitals.4
Glaucoma, diabetic retinopathy, or
age-related macular degeneration
(AMD) are other examples of medical
conditions that could be detected
much earlier if suitable technology was
used beyond ophthalmological practices. Such a service could easily be
offered by general practitioners as part
of annual checkups, or by nursing staff
in elderly care homes and home care
settings, or even by opticians or pharmacists, similar to blood pressure measurement. Since there is no reliable
treatment as yet for AMD, one of the
most common eye diseases in the western world causing severe vision loss in
people over 50, early detection would
help significantly avoid risk factors.5
Medical Design Briefs, March 2020
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Embedded Computer Vision
A Great Future — Mobile Fundus
Cameras with AI
With AI still in its infancy, it will certainly be a while before mobile handheld devices with 5G connectivity and a
fully trained AI information system

come to the market. Having said that,
the technology is ready now for series
production in regard to black-and-white
x-ray imaging.6 Doubtlessly, color images
will sooner or later also be analyzed via
AI. However, on the way to an all-in-one

Medical Vision Platforms
Vision Software + Color Calibration

Embedded Components

Vision Technologies

Vision Components

Cameras for Medical & Life Sciences

OpenCL

GPGPU

Deep learning

ROCm

TensorFlow

pylon
OS

Drivers

LVDS

BSP

Boards

AI

CUDA

OpenCV

API

MIPI-CSI

USB-C

DCAM

FireWire

COM & Carrier

Caffe
Keras

GenlCam

GigE vision

COM & Carrier Fusion*
*Full Custom Design

Smart embedded vision platforms with AI-based situational awareness consist of many small function
blocks whose interaction must be validated. (Credit: Basler AG)

The NXP solution platform from Basler and congatec also targets AI applications. Based on a Basler
Embedded Vision Kit, it features an NXP i.MX 8QuadMax SoC on the conga-SMX8 SMARC 2.0
Computer-on-Module from congatec, a SMARC 2.0 carrier board, and Basler’s dart BCON camera
module for MIPI 13 MP. (Credit: congatec)
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mobile retina examination solution with
an integrated fundus camera, it will be
necessary to develop the vision system
from a tabletop device into a highly integrated handheld to make it suitable for
mobile applications. This is a big challenge for the manufacturers of such
medical diagnostic devices.
Complex Challenges for Fundus
Camera Manufacturers. On the one
hand, development falls to the solution
providers to continuously advance the
camera software in general, because
such technology continues to be used in
stationary applications and needs to be
further improved. In addition, 5G connectivity including the cloud as eHealth
platform for remote diagnosis, matching
server platforms for AI training, and the
device itself must all be redeveloped
completely. This applies to both the
hardware and the software — which constitutes an enormous challenge.
Embedded Camera System and Color
Calibration Essential. On the hardware
side alone, this often requires manufacturers to weigh decisions that affect the
long-term success of the solution.
Choosing the right vision system is not
easy. In particular, the reliability of the
color rendering during image acquisition and reproduction plays a key role in
enabling both practitioners and AI systems to assess and classify whether a
structure is healthy or diseased. Here, a
lot depends on color calibration, which
requires that the parameters within the
color computation pipeline in the camera firmware are fully optimized. The
goal of the calibration process is to parameterize the individual function blocks
in the camera’s color pipeline in a way
that minimizes color defects E compared to the reference values; avoiding
them completely is not possible.
Windows or Linux, ARM or x86?
Then, there’s also the question of
which processor architecture to use that
needs answering: Is a Linux-based ARM
system a better solution, or should the
handheld device be designed as an x86
platform and Windows operating system
(OS), like previous diagnostic computers? And even when sticking with x86,
there is often a decision to be made
whether to use an AMD or Intel system.
Counting in favor of AMD are SoCintegrated GPGPU processing and the
open source philosophy, while the software ecosystem may speak for opting for
Intel.
Medical Design Briefs, March 2020

Ultimately, after all these decisions
have been taken, there is still the entire
inner electronics to be developed,
designed into a suitable housing and provided with the appropriate board support
package for the OS image, so that the
OEM’s application software can do what
it is supposed to do: deliver perfect
images and a management system that
makes diagnosis much more efficient.
Since these are complex challenges,
embedded vision expert Basler and
embedded computing expert congatec,
for example, have entered into a partnership to be able to support OEMs throughout their engineering processes, from
first requirement engineering to series
production, more comprehensively as a
one-stop platform provider.
Embedded Vision Competence
United
With an interdisciplinary team of
experts from both companies taking care
of the entire solution platform and validating the interaction between the individual embedded vision and embedded
computing components, OEMs need to

Medical Design Briefs, March 2020

spend significantly less effort on coordination during development. Customers
benefit from accelerated design-in of the
“embedded vision computer” component as well as optimized service and support during series production.
Computer-on-modules from congatec
are often the technology basis for such
projects, because they make it particularly easy to scale the performance and
match the closed-loop engineering strategies to the specific requirements. This is
an undeniable advantage for the provision of suitable AI systems, as performance requirements are bound to change
as the development of AI and inference
software progresses. Fusing module, carrier board, and camera into a full-custom
OEM solution is another option. Even
the development of a completely customized solution platform including
housing is part of the joint offer. To make
it easier for developers to choose between
ARM and x86, SMARC or Qseven
computer-on-modules are especially recommended. Available with both architectures, they offer a compact footprint for
mobile and handheld devices.
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The Benefits of

Tungsten Cable

A 4 mm, 7 × 49 tungsten
cable, with a load capacity of
2,500 lbs. used to grow silicon
ingots for the semiconductor
industry. (Credit: Carl Stahl
Sava Cable))

T

here is no one-size-fits-all material
when producing mechanical cable.
The material chosen to produce
wire rope can vary from one application
to the next, because commonly, no two
applications place the same demands on
the stranded cable. Consider tungsten,
for instance. Also known as Wolfram (W,
atomic number 74), tungsten possesses
the highest melting temperature of all
metals. For this reason, this rare earth
metal is commonly found in light bulb
filaments, x-ray tubes, and arc-welding
electrodes. Because of such unique
mechanical properties, tungsten has
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become an
integral component in the
manufacturing of many of today’s cuttingedge medical devices, including surgical
robots.
Due in large part to tungsten’s imperviousness to fatigue over time, as well as
its excellent tensile strength, ultrafine
tungsten wire has become the go-to
material in the construction of miniature, mechanical cables used in modern
surgical robots. These surgical innovations are made the marvels that they are
because of tungsten’s outstanding flexibility and resistance to abrasion. By comparison, were such robotic medical
devices to use stainless steel cable, their
Medical Design Briefs, March 2020

A 0.027 in., 7 × 49 in. miniature tungsten cable used in a surgical robot to simulate human wrist movement.
(Credit: Carl Stahl Sava Cable)

lifespan would be greatly diminished,
and potential for surgical failures would
increase.
Likewise, one can also find such tungsten cables actuating the movements
that humans achieve using their arms,
elbows, and wrists. When tungsten is
facilitating the musculoskeletal movement historically performed by the surgeon’s own body, the taxation is shouldered by the robot, thus allowing the
doctor to perform numerous procedures without fatigue and strain.
The Less Obvious Benefits of
Tungsten Cable
An engineer tasked with developing
these complex tungsten cables, which are
ever-decreasing in size, requires a material that offers properties greater than
those found in standard stainless steels.

In today’s medical device applications,
miniature tungsten cables use hundreds
of filaments to create cables as small as a
half a millimeter in diameter. Within that
diameter, there could be as many as 200
or even up to 700 or more individual
tungsten wires comprising the total construction of the cable. A single filament in
such a cable construction may be as small
as 0.0005 in. in diameter, making such
wire six times smaller than a single strand
of a human hair. That’s really small.
Tungsten’s Savings Over Time.
Directly speaking, tungsten’s initial
costs, while high compared with equivalent stainless steel cables, will outperform the competition over time. This
makes tungsten less expensive in the
long run.
There are two chief reasons why tungsten is the more cost-effective material in
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constructing miniature mechanical
cables for medical and even industrial
applications: lifetime and flexibility.
Tungsten Lifetime. Tungsten’s unique
characteristics allow the cables to operate for longer periods of time without
requiring maintenance or replacement
cables. This is due to tungsten’s
strength, flexibility, and resistance
to temperature. First off, tungsten
is among the strongest materials
known to man. While diamonds
possess a Mohs scale hardness of 10,
tungsten is rated at 9. By way of
comparison, stainless steel garners a
Mohs hardness rating of about 6.
Tungsten Flexibility. Tungsten’s flexibility is, over radii smaller than 1 mm,
is unrivaled. Stainless steel cable,
applied the same tight bending radii,
would likely fail due to bending stresses
over many cycles.
Where the mechanical cable application requires a high tolerance for temperatures as well as superior tensile
strength, tungsten continues to shine.
Where 316 stainless steel melts at
between 2,500–2,550 °F, tungsten only
begins to do so as it reaches 6,192 °F.
This makes tungsten 2.5 times more tolerant of extreme temperatures.
Unpacking Tungsten for HighTemperature Applications
Unlike surgical robots, where heat is
less of a variable, tungsten has also
found as welcome a home amid the
semiconductor and solar markets. In
these particular applications, technicians attach a small piece of silicon,
35

Tungsten Cable
called a boule, to a pure tungsten-made,
mechanical cable assembly. The boule is
dipped in pure molten silicon and is
slowly pulled up in a crystal growing furnace. This process can take as long as 24
hours, yielding a piece of silicon
between 12 and 18 in. in diameter and
up to 6 ft long. This hardened crystal is
subsequently sliced into wafers and polished to form flat substrates used for
manufacturing semiconductors. Sava is
one of the few mechanical cable manufacturers that produce these sophisticated tungsten cable assemblies.
Sava has also worked with the manufacturers of the furnaces used in these
complex, silicon-making applications.
Stainless steel, contrary to tungsten,
quickly anneals at 1,900 °F. A stainless
steel cable, rated for 2,400 lbs, would be
derated to 1,200 lbs after only a short
time exposed to these extreme furnace
temperatures.
Tungsten on the other hand, due to
its high melting point, is not vulnerable
to such intense temperatures and retains
its original cable strength throughout its
lifespan. There are trade-offs, however,

to consider when choosing a cable material to use in such applications. In these
cases, using a less-expensive stainless
steel cable would not tolerate the
extreme temperatures involved in the
silicon ingot manufacturing process.
While stainless steel cable continues
to be used in the growing of silicon
ingots, such cable would have to be
replaced far more frequently, making
the initial savings represented in using
stainless steel only momentarily beneficial. Tungsten cable, though a considerably more expensive material to work
with, extends cycles and reduces maintenance, downtime, and replacement
costs tenfold.
Tungsten Cable Constructions
The evolution of cable constructions
continues to unfold as medical robotics
and medical devices place increased burdens on them. Common 1 × 7, 7 × 7, 7 ×
19 constructions are being replaced with
more sophisticated stranding such as
7 × 37, 19 × 19, and 19 × 37 19. These
more complex constructions provide
improved tensile strength over their

A 0.001 in. diameter tungsten wire that is 1⁄3 the size of a single human hair. It is used to
comprise the strand that ultimately becomes the miniature tungsten mechanical cable
used in a variety of surgical robots. (Credit: Carl Stahl Sava Cable)

A 0.009, 7 × 7 tungsten cable used in the
manufacturer of surgical robots to simulate
human wrist movement. (Credit: Carl Stahl
Sava Cable)

predecessors, while adding high modulus and superior flexibility for more
demanding applications found in
today’s surgical instrumentation. What’s
more, a 19 × 37 construction, a half millimeter in diameter, requires wires as
small as 0.0005 in., which are nearly
invisible to the naked eye.
Such pioneering constructions put
ever-increasing demands into the manufacturing of these cables. Knowing the
investment in science, research, labor,
and time, it is not hard to understand
why makers of these elegant, new cable
innovations would turn to tungsten to
prolong the lifespan of their inventions.
Working with Tungsten
Manufacturing tungsten cables on
such small scales requires greater technical abilities to strand the wires together.
After all, it’s not enough to manufacture
tungsten cables. Makers of these ultrafine cables must possess the expertise to
influence its behaviors, such as lay
length, stiffness, and preforming.
Lay Length. Lay length is the linear
distance for a single wire to wrap one
complete revolution around its core.
Because the wire filaments used in these
fine, tungsten cables are so small in
diameter, the manufacturer must
employ tighter and tighter lay lengths to
ensure properly functioning cable
assemblies. Without achieving the
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DISCOVER MEDICAL
3D PRINTING
ADVANCEMENTS
AT RAPID + TCT 2020
The SME Medical Additive Manufacturing program
at RAPID + TCT 2020 brings together leaders
to collaborate and explore life-changing additive
applications, including bioprinting, patientmatched implants, anatomic models, prosthetics,
bone and tissue scaffolds, and more.

The Future of Tungsten Mechanical
Cables
The ultrafine tungsten wire market is
expected to double by 2025 globally.
While tungsten wire remains an increasingly popular material in the making of
medical devices, tungsten is likewise
growing in popularity anywhere ultrafine wire is required to tolerate a variety
of demanding conditions.
Look for tungsten cables to get smaller and smaller over the next decade and
beyond, pushing the boundaries of existing manufacturing technologies and
placing growing demand on engineering expertise worldwide. As tungsten
mechanical cables proliferate across a
wide swath of industries, engineers are
duty bound to harness the complex
material’s potential and usher in a new
era of medical and industrial devices
with limitless scale and capabilities.
This article was written by Greg Soja,
Senior Vice President of Engineering, and
Scott Dailey, Vice President of Sales and
Marketing, Carl Stahl Sava Industries,
Riverdale, NJ. For more information, visit
http://info.hotims.com/76501-340.

VISIT RAPID3DEVENT.COM
TO LEARN MORE.
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desired lay lengths, cables are prone to
fraying or “bird-caging” in use.
Preforming. Coupled with the lay
length, it’s imperative to preform tungsten cables to help prevent failures as
well. Preforming is the act of adding a
sine wave to the wire prior to its closing,
whether on strand or cable level.
Preforming influences stiffness and
ensures that the individual wires marry
with one another to form a seamless,
bonded strand of cable. When preforming tungsten cables as small as half a millimeter in diameter, the process can be
made extremely challenging due to the
machining complexities. In lieu of preforming, another option to keeping the
wires and strands in position to minimize fraying and other deleterious
effects would be to swage the cable OD.
When manufacturers forego or simply
do not consider the stiffness requirements of tungsten cables, the cable’s
behavior may not possess the physical
abilities to be routed or traverse the
device properly. When this happens,
cables may bunch or fall apart while
being asked to operate in the device’s
environment. Swaging or preforming
tungsten cables, as a means of achieving
a desired stiffness, ensures that the
cables perform optimally over extended
periods.

ToC
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Drug Testing with Human Bodyon-Chip Systems
A team of scientists has devised a
functioning comprehensive multiorgan-on-a-chip platform that
enables effective in-vitro-to-in-vivo
translation (IVIVT) of human drug
pharmacology.
In the first of two studies, the scientists developed the “Interrogator,”
Body-on-chip system. (Credit:
Tel Aviv University)
a robotic liquid transfer device to
link individual “Organ Chips” in a
way that mimics the flow of blood between organs in the
human body. The team applied their Interrogator automated linking platform and a new computational model they
developed to three linked organs to test two drugs: nicotine
and cisplatin.
The researchers accurately modeled the oral uptake of nicotine and intravenous uptake of cisplatin, a common chemotherapy medication, and their first passage through relevant
organs with highly quantitative predictions of human pharmacokinetic and pharmacodynamic parameters.
For more information, visit www.medicaldesignbriefs.com/
roundup/0320/body-on-chip.
New Method Detects
Defects in 2D Materials
Researchers have developed
a technique to quickly and sensitively characterize defects in
2D materials used in sensors
and electronics. Their solution
is to use laser light combined
with a phenomenon called second harmonic generation, in
which the frequency of the
light shone on the material
A laser beam (yellow) reflects off a
reflects at double the original
2D material (orange), highlighting a
frequency. Add to this a techgrain boundary defect in the atomic
lattice. (Credit: MRI/ Penn State)
nique called dark field imaging,
in which extraneous light is filtered out so that defects shine through.
This is the first instance in which dark field imaging has
been utilized, and it provides three times the brightness as the
standard bright field imaging method, making it possible to
see types of defects previously invisible.
Because 2D materials are flexible and can be incorporated
in very small spaces, they are good candidates for multiple sensors in a smart watch or other places where small, flexible sensors are required.
For more information, visit www.medicaldesignbriefs.com/
roundup/0320/materials.

Medical Design Briefs, March 2020

Magnetic Sensor Circuits
on Various Surfaces
Researchers have developed the world’s thinnest and
lightest magnetic sensor matrix sheet system that visualizes the two-dimensional distribution of magnetism on various surfaces.
It can easily be attached to a soft surThe team has developed a
face like skin. (Credit: Osaka University)
thin and soft (“skin-like”)
magnetic sensor matrix sheet system by integrating flexible electronic elements called organic transistors and giant magnetoresistive elements on a 1.5-μm-thick plastic film. This imperceptible
circuit fabricated on a thin plastic film can be attached onto the
skin of a person without causing discomfort and can function
properly even when folded.
The magnetic sensor matrix sheet system, with a sensitivity
10 times higher than that of conventional systems, not only
detects and amplifies weak magnetic signals, but also visualizes
the two-dimensional distribution of magnetism in real time by
automatically scanning magnetic sensor elements arranged in
a matrix pattern.
For more information, visit www.medicaldesignbriefs.com/
roundup/0320/circuits.
AI-Analyzed Blood Test
Predicts Disease
Progression
Scientists used an AI algorithm to analyze the blood and
post-mortem brain samples of
1,969 patients with Alzheimer’s
and Huntington’s disease. Their
goal was to find molecular patterns specific to these diseases.
Molecular alterations associated
The algorithm was able to
to different treatment needs in
detect how these patients’ genes
Alzheimer’s disease and related
disorders. (Credit: Neuro)
expressed themselves in unique
ways over decades. This offers
the first long-term view of molecular changes underlying neurodegeneration, an important accomplishment because neurodegenerative diseases develop over years.
Previous studies of neurodegeneration often used static or
“snapshot” data, and are therefore limited in how much they
can reveal about the typically slow progression of disease. This
study aimed to uncover the chronological information contained in large-scale data by covering decades of disease progression, revealing how changes in gene expression over that
time are related to changes in the patient’s condition.
For more information, visit www.medicaldesignbriefs.com/
roundup/0320/AI.
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Tiny Magnetics Show
Promise for Medical
Applications
Small magnetic objects
are showing promise in
the biomedical field.
Magnetic nanostructures
have interesting properties that enhance novel
Action of magnetic nanoparticles on cancer cells. (Credit: Celia Sousa)
applications in medical
diagnosis and allow the
exploration of new therapeutic techniques.
One especially interesting advance involves an exotic nanodisc
configuration, known as a vortex state, where magnetic moments
arrange into a curly geometry. Isolating and separating cells from
a blood or tissue sample is crucial for a variety of medical applications, such as gene therapy or cancer diagnosis and treatment.
Standard procedures involve filtration and centrifugation, but
cells of similar sizes or densities cannot be separated this way.
Nanodiscs, either in a vortex state or a synthetic antiferromagnetic configuration, consist of two ferromagnetic layers separated
by one nonmagnetic layer. The surface of the small structures
can be treated with fluorescent probes, allowing the investigators
to observe motion of the particles in response to an applied field.
For more information, visit www.medicaldesignbriefs.com/
roundup/0320/magnetics.

Precision matters.

Improving Prosthetics for
Upper Limb Amputees
New machine learning
algorithms and computational models may provide insight
into the mental demand
placed on individuals using
prosthetics. These models will
New prosthetic interfaces will be
improve the current interface
tested through virtual reality and
in prosthetic devices.
driving simulations. (Credit: Texas
A&M)
The researchers are studying prosthetics that use an
electromyography (EMG)-based human-machine interface.
EMG is a technique that records the electrical activity in
muscles. This electrical activity generates signals that trigger
the interface, which translates them into a unique pattern of
commands. These commands allow the user to move their
prosthetic device.
Testing different interface prototypes through virtual reality and driving simulations will allow researchers to provide
guidance to the engineers creating these interfaces. This will
lead to better prosthetics for amputees and other technological advances using EMG-based assistive human-machine
interfaces.
For more information, visit www.medicaldesignbriefs.com/
roundup/0320/prosthetics.
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Color-Changing Bandages Sense and Treat
Bacterial Infections
The material changes
when it contacts the
acidic microenvironment.

DS

ACS
Washington, DC
According to the World Health
Organization, antibiotic resistance is one
of the biggest threats to global health.
Sensing and treating bacterial infections
earlier could help improve patients’
recovery, as well curb the spread of
antibiotic-resistant microbes. Now, researchers reporting in ACS Central Science
have developed color-changing bandages that can sense drug-resistant and drugsensitive bacteria in wounds and treat
them accordingly.
Xiaogang Qu and colleagues developed a material that changes color from
green to yellow when it contacts the
acidic microenvironment of a bacterial
infection. In response, the material,
which is incorporated into a bandage,
releases an antibiotic that kills drugsensitive bacteria. If drug-resistant bacteria are present, the bandage turns red in
color through the action of an enzyme
produced by the resistant microbes.
When this happens, the researchers
can shine light on the bandage, causing
the material to release reactive oxygen
species that kill or weaken the bacteria,
making them more susceptible to the
antibiotic. The team showed that the

DR
A bandage changed color from green to yellow, and from green to red, in the presence of increasing
concentrations of drug-sensitive (DS) and drug-resistant (DR) E.coli, respectively. (Credit: Adapted
from ACS Central Science 2020, DOI: 10.1021/acscentsci.9b01104)

bandage could speed the healing of
wounds in mice that were infected with
drug-sensitive or drug-resistant bacteria.
■ How It Works
According to the authors, “Sensing bacterial infections and monitoring drug
resistance are very important for the selection of treatment options. However, the
common methods of sensing resistance
are limited by time-consuming, the
requirement for professional personnel,
and expensive instruments. Moreover, the
abuse of antibiotics causes the accelerated
process of bacterial resistance.”
In their paper, the authors construct a
portable paper-based Band-Aid (PBA)
that implements a selective antibacterial
strategy after sensing of drug resistance.
The colors of PBA indicate bacterial
infection (yellow) and drug resistance
(red), just like a bacterial resistance colorimetric card.

The paper notes that “on the basis of
color, antibiotic-based chemotherapy and
Zr-MOF PCN-224-based photodynamic
therapy (PDT) are used on site to treat
sensitive and resistant strains, respectively.
Eventually, it takes 4 hr to sense, and the
limit of detection is 104 CFU/mL for
drug-resistant E. coli. Compared with traditional PDT-based antibacterial strategies,
our design can alleviate off-target side
effects, maximize therapeutic efficacy, and
track the drug resistance in real time with
the naked eye. This work develops a new
way for the rational use of antibiotics.
Given the low cost and easy operation of
this point-of-care device, it can be developed for practical applications.”
The authors acknowledge funding
from the National Natural Science
Foundation of China and the Key Research Program of Frontier Sciences of
the Chinese Academy of Sciences.
For more information, visit www.acs.org.

Iron Nanorobots Destroy Cancer Cells
Multifunctional iron
nanowires selectively
obliterate cancer cells
with a triple-punch
combination attack.
KAUST
Thuwal, Saudi Arabia
Drug-coated iron nanowires that can
be guided to the site of a tumor using
an external magnetic field before activating a three-step cancer-killing mechanism could provide an effective option
for cancer therapy.

Co-developed by KAUST researchers,
these nanowires release their drug cargo
inside cancer cells, while also punching
holes in the cell’s membrane and delivering a blast of heat. While the combination
therapy maximizes cancer cell death, its
highly targeted nature should minimize
side effects.
Iron was the obvious material to make
the nanowires, says Jürgen Kosel, who
leads the group at KAUST, which includes
Jasmeen Merzaban and Boon Ooi, and
who co-led the work with researchers from
CIC biomaGUNE in San Sebastian, Spain.
The first consideration is safety. “Iron, in
molecular form, is a native material in our
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bodies, essential for oxygen transport,”
Kosel explains. The nanowires comprise
an iron core, coated with an iron oxide
shell. “Iron-oxide-based nanomaterials
have been approved by regulatory bodies
for use in magnetic resonance imaging
and as a dietary supplement in cases of
nutrition deficiency,” he says.
In addition to their biocompatibility,
the magnetic properties of iron-based
materials are a key benefit. “Using harmless magnetic fields, we can transport
them; concentrate them in the desired
area; rotate or make them vibrate, such as
we did in this study; and even detect them
through magnetic resonance imaging,”
41

Drug coated
iron nanowire

Triple attack
to cancer cell

Finally, the anticancer drug doxorubicin was attached to the nanowires via
pH-sensitive linkers. As the tumor environment is typically more acidic than healthy
tissue, the linker selectively degraded in or
near tumor cells, releasing the drug where
it is needed. “The combination of treatment resulted in nearly complete cancer
cell ablation and was more effective than
individual treatments or the anticancer
drug alone,” Martinez-Banderas says.
“Taken together, the capabilities of ironbased nanomaterials make them very
promising for the creation of biomedical
nanorobots, which could revolutionize
healthcare,” Kosel adds. “While this might
seem futuristic, the developments are well
on their way.”

Cell death

FexOy
Doxorubicin
Fe

pH sensitive
linker

Vibration

Heat

Drug
delivery

By combining low-power magnetic fields, which agitate nanowires, with laser heating and drug delivery, target cells can be killed efficiently. (Credit: KAUST)

says Aldo Martinez-Banderas, a member of
Kosel’s team. Applying low-power magnetic fields, the team agitated the nanowires
in a way that opened the membrane of target cells, inducing cell death.
The additional advantage is that coreshell nanowires strongly absorb nearinfrared light, heating up as they do so.

Because light at this wavelength can penetrate far into the body, the nanowires
could be heated using lasers directed at
the tumor site. “The core−shell nanowires
showed an extremely high photothermal
conversion efficiency of more than 80 percent, which translated into a large intracellular heat dose,” Martinez-Banderas says.

Reference
1. Martínez-Banderas, A. I., et al. “Iron-based
core−shell nanowires for combinatorial
drug delivery and photothermal and
magnetic therapy,” ACS Applied Materials &
Interfaces 11, 43976-43988 (2019).|

For more information, visit https://discovery.
kaust.edu.sa.

Engineers Design Bionic ‘Heart’ for Testing Prosthetic
Valves, Other Cardiac Devices
The device made of heart
tissue and a robotic
pumping system beats like
the real thing.

1

2

MIT
Cambridge, MA
As the geriatric population is expected to balloon in the coming decade, so
too will rates of heart disease in the
United States. The demand for prosthetic heart valves and other cardiac
devices — a market that is valued at
more than $5 billion dollars today — is
predicted to rise by almost 13 percent in
the next six years.
Prosthetic valves are designed to mimic
a real, healthy heart valve in helping to circulate blood through the body. However,
many of them have issues such as leakage
around the valve, and engineers working
to improve these designs must test them
repeatedly, first in simple benchtop simulators, then in animal subjects, before
reaching human trials — an arduous and
expensive process.
Now engineers at MIT and elsewhere
have developed a bionic “heart” that offers

3

4

5

A preserved heart muscle (1) is removed and replaced with a soft synthetic matrix (2). The two
structures (inner cardiac tissue and synthetic matrix) (3) are bonded using a newly developed adhesive, TissueSil (4). The resulting piece is the biohybrid heart containing the preserved intracardiac
structures and synthetic heart muscle (5). (Credit: Clara Park)

a more realistic model for testing out artificial valves and other cardiac devices.
The device is a real biological heart
whose tough muscle tissue has been
replaced with a soft robotic matrix of
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artificial heart muscles, resembling bubble wrap. The orientation of the artificial muscles mimics the pattern of the
heart’s natural muscle fibers, in such a
way that when the researchers remotely
Medical Design Briefs, March 2020

inflate the bubbles, they act together to
squeeze and twist the inner heart, similar to the way a real, whole heart beats
and pumps blood.
With this new design, which they call a
“biorobotic hybrid heart,” the researchers
envision that device designers and engineers could iterate and fine-tune designs
more quickly by testing on the biohybrid
heart, significantly reducing the cost of
cardiac device development.
“Regulatory testing of cardiac devices
requires many fatigue tests and animal
tests,” says Ellen Roche, assistant professor
of mechanical engineering at MIT. “[The
new device] could realistically represent
what happens in a real heart, to reduce the
amount of animal testing or iterate the
design more quickly.”
Roche and her colleagues have published their results today in the journal
Science Robotics. Her co-authors are lead
author and MIT graduate student Clara
Park, along with Yiling Fan, Gregor Hager,
Hyunwoo Yuk, Manisha Singh, Allison
Rojas, and Xuanhe Zhao at MIT, along
with collaborators from Nanyang Technology University, the Royal College of
Surgeons in Dublin, Boston’s Children’s
Hospital, Harvard Medical School, and
Massachusetts General Hospital.

heart, to help it pump blood in patients
suffering from heart failure.
At MIT, she and Park wondered if they
could combine the two research avenues,
to develop a hybrid heart: a heart that is
made partly of chemically preserved,
explanted heart tissue and partly of soft
artificial actuators that help the heart
pump blood. Such a model, they proposed, should be a more realistic and
durable environment in which to test cardiac devices, compared with models that

■ Mechanics of the Heart
Before coming to MIT, Roche worked
briefly in the biomedical industry, helping
to test cardiac devices on artificial heart
models in the lab.
“At the time I didn’t feel any of these
benchtop setups were representative of
both the anatomy and the physiological
biomechanics of the heart,” Roche recalls.
“There was an unmet need in terms of
device testing.”
In separate research as part of her doctoral work at Harvard University, she developed a soft, robotic, implantable sleeve,
designed to wrap around a whole, live

• Clean Room Assembly

are either entirely artificial but do not capture the heart’s complex anatomy, or are
made from a real explanted heart, requiring highly controlled conditions to keep
the tissue alive.
The team briefly considered wrapping a whole, explanted heart in a soft
robotic sleeve, similar to Roche’s previous work, but realized the heart’s outer
muscle tissue, the myocardium, quickly
stiffened when removed from the body.
Any robotic contraction by the sleeve
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would fail to translate sufficiently to the
heart within.
Instead, the team looked for ways to
design a soft robotic matrix to replace the
heart’s natural muscle tissue, in both material and function. They decided to try out
their idea first on the heart’s left ventricle,
one of four chambers in the heart, which
pumps blood to the rest of the body, while
the right ventricle uses less force to pump
blood to the lungs.
“The left ventricle is the harder one to
recreate given its higher operating pressures, and we like to start with the hard
challenges,” Roche says.
■ The Heart, Unfurled
The heart normally pumps blood by
squeezing and twisting, a complex combination of motions that is a result of the
alignment of muscle fibers along the outer
myocardium that covers each of the
heart’s ventricles. The team planned to
fabricate a matrix of artificial muscles
resembling inflatable bubbles, aligned in
the orientations of the natural cardiac
muscle. But copying these patterns by
studying a ventricle’s three-dimensional
geometry proved extremely challenging.
They eventually came across the helical
ventricular myocardial band theory, the
idea that cardiac muscle is essentially a
large helical band that wraps around each
of the heart’s ventricles. This theory is still
a subject of debate by some researchers,
but Roche and her colleagues took it as
inspiration for their design. Instead of trying to copy the left ventricle’s muscle fiber
orientation from a 3D perspective, the
team decided to remove the ventricle’s
outer muscle tissue and unwrap it to form
a long, flat band — a geometry that
should be far easier to recreate. In this

case, they used the cardiac tissue from an
explanted pig heart.
In collaboration with co-lead author
Chris Nguyen at MGH, the researchers
used diffusion tensor imaging, an
advanced technique that typically tracks
how water flows through white matter in
the brain, to map the microscopic fiber
orientations of a left ventricle’s unfurled,
two-dimensional muscle band. They then
fabricated a matrix of artificial muscle
fibers made from thin air tubes, each connected to a series of inflatable pockets, or
bubbles, the orientation of which they patterned after the imaged muscle fibers.
The soft matrix consists of two layers of
silicone, with a water-soluble layer between
them to prevent the layers from sticking,
as well as two layers of laser-cut paper,
which ensures that the bubbles inflate in a
specific orientation.
The researchers also developed a new
type of bioadhesive to glue the bubble
wrap to the ventricle’s real, intracardiac
tissue. While adhesives exist for bonding
biological tissues to each other, and for
materials like silicone to each other, the
team realized few soft adhesives do an
adequate job of gluing together biological tissue with synthetic materials, silicone in particular.
So Roche collaborated with Zhao, associate professor of mechanical engineering
at MIT, who specializes in developing
hydrogel-based adhesives. The new adhesive, named TissueSil, was made by functionalizing silicone in a chemical crosslinking process, to bond with components
in heart tissue. The result was a viscous liquid that the researchers brushed onto the
soft robotic matrix. They also brushed the
glue onto a new explanted pig heart that
had its left ventricle removed but its endo-

cardial structures preserved. When they
wrapped the artificial muscle matrix
around this tissue, the two bonded tightly.
Finally, the researchers placed the
entire hybrid heart in a mold that they had
previously cast of the original, whole heart,
and filled the mold with silicone to encase
the hybrid heart in a uniform covering —
a step that produced a form similar to a
real heart and ensured that the robotic
bubble wrap fit snugly around the real ventricle.
“That way, you don’t lose transmission
of motion from the synthetic muscle to the
biological tissue,” Roche says.
When the researchers pumped air into
the bubble wrap at frequencies resembling
a naturally beating heart, and imaged the
bionic heart’s response, it contracted in a
manner similar to the way a real heart
moves to pump blood through the body.
Ultimately, the researchers hope to use
the bionic heart as a realistic environment
to help designers test cardiac devices such
as prosthetic heart valves.
“Imagine that a patient before cardiac
device implantation could have their heart
scanned, and then clinicians could tune
the device to perform optimally in the
patient well before the surgery,” says
Nyugen. “Also, with further tissue engineering, we could potentially see the
biorobotic hybrid heart be used as an artificial heart — a very needed potential solution given the global heart failure epidemic where millions of people are at the
mercy of a competitive heart transplant
list.”
This research was supported in part by
the National Science Foundation.
This article was written by Jennifer Chu,
MIT News Office. For more information, visit
http://news.mit.edu/.

Wearable Health Tech Gets Efficiency Upgrade
The flexible device
harvests heats from the
human body.
NC State
Raleigh, NC
North Carolina State University engineers have demonstrated a flexible device
that harvests the heat energy from the
human body to monitor health. The device
surpasses all other flexible harvesters that
use body heat as the sole energy source.

In a paper published in Applied
Energy, the NC State researchers report
significant enhancements to the flexible body heat harvester they first
reported in 2017. The harvesters use
heat energy from the human body to
power wearable technologies — think
of smart watches that measure your
heart rate, blood oxygen, glucose, and
other health parameters — that never
need to have their batteries recharged.
The technology relies on the same principles governing rigid thermoelectric
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harvesters that convert heat to electrical energy.
Flexible harvesters that conform to the
human body are highly desired for use
with wearable technologies. Mehmet
Ozturk, an NC State professor of electrical
and computer engineering and corresponding author of the paper, mentioned
superior skin contact with flexible devices,
as well as the ergonomic and comfort considerations to the device wearer, as the
core reasons behind building flexible
thermoelectric generators, or TEGs.
Medical Design Briefs, March 2020

NC State’s improved theromoelectric generator demonstrates efficiency and flexibility. (Credit:
Mehmet Ozturk, NC State University)

The performance and efficiency of
flexible harvesters, however, currently
trail well behind rigid devices, which
have been superior in their ability to
convert body heat into usable energy.

“The flexible device reported in this
paper is significantly better than other flexible devices reported to date and is
approaching the efficiency of rigid devices,
which is very encouraging,” Ozturk says.

The proof-of-concept TEG originally
reported in 2017 employed semiconductor elements that were connected electrically in series using liquid-metal interconnects made of EGaIn — a nontoxic
alloy of gallium and indium. EGaIn provided both metal-like electrical conductivity and stretchability. The entire
device was embedded in a stretchable silicone elastomer.
The upgraded device employs the
same architecture but it significantly
improves the thermal engineering of the
previous version, while increasing the
density of the semiconductor elements
responsible for converting heat into electricity. One of the improvements is an
improved silicone elastomer — essentially a type of rubber — that encapsulates
the EGaIn interconnects.
“The key here is using a high thermal
conductivity silicone elastomer doped
with graphene flakes and EGaIn,” Ozturk
says. The elastomer provides mechanical
robustness against punctures while
improving the device’s performance.
“Using this elastomer allowed us to
boost the thermal conductivity — the
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rate of heat transfer — by six times,
allowing improved lateral heat spreading,” he says.
Ozturk added that one of the
strengths of the technology is that it eliminates the need for device manufacturers
to develop new flexible, thermoelectric
materials because it incorporates the
very same semiconductor elements used
in rigid devices. Ozturk says future work

will focus on further improving the efficiencies of these flexible devices.
Yasaman Sargolzaeiaval, Viswanath P.
Ramesh, Taylor V. Neumann, Veena Misra,
Michael Dickey and Daryoosh Vashaee coauthored the paper. The group also has a
recent patent on the technology.
Funding for the work comes from the
NC State’s National Science Foundationfunded Advanced Self-Powered Systems

of Integrated Sensors and Technologies
(ASSIST)
Center
under
grant
EEC1160483. The mission of the ASSIST
Center is to create self-powered wearables capable of long-term multi-modal
sensing without having to replace or
charge the batteries.
This article was written by Mick
Kulikowski, NC State. For more information,
visit https://news.ncsu.edu.

Researchers Hope to Make Needle Pricks for Diabetics
a Thing of the Past
Study suggests
noninvasive spectroscopy
could be used to monitor
blood glucose levels.
MIT
Cambridge, MA
Patients with diabetes have to test
their blood sugar levels several times a
day to make sure they are not getting
too high or too low. Studies have
shown that more than half of patients
don’t test often enough, in part
because of the pain and inconvenience
of the needle prick.
One possible alternative is Raman
spectroscopy, a noninvasive technique
that reveals the chemical composition
of tissue, such as skin, by shining nearinfrared light on it. MIT scientists have
now taken an important step toward
making this technique practical for
patient use: They have shown that they
can use it to directly measure glucose
concentrations through the skin. Until
now, glucose levels had to be calculated
indirectly, based on a comparison
between Raman signals and a reference
measurement of blood glucose levels.
While more work is needed to develop the technology into a user-friendly
device, this advance shows that a
Raman-based sensor for continuous
glucose monitoring could be feasible,
says Peter So, a professor of biological
and mechanical engineering at MIT.
“Today, diabetes is a global epidemic,”
says So, who is one of the senior authors
of the study and the director of MIT’s
Laser Biomedical Research Center. “If
there were a good method for continuous glucose monitoring, one could
potentially think about developing better
management of the disease.”

This sensor can measure blood glucose levels noninvasively by shining near-infrared light through the
skin and measuring the chemical composition of the tissue below. (Credit: Jeon Woong Kang)

Sung Hyun Nam of the Samsung
Advanced Institute of Technology in
Seoul is also a senior author of the study,
which appears today in Science Advances.
Jeon Woong Kang, a research scientist at
MIT, and Yun Sang Park, a research staff
member at Samsung Advanced Institute
of Technology, are the lead authors of
the paper.
■ Seeing Through the Skin
Raman spectroscopy can be used to
identify the chemical composition of tissue by analyzing how near-infrared light is
scattered, or deflected, as it encounters
different kinds of molecules.
MIT’s Laser Biomedical Research
Center has been working on Ramanspectroscopy-based glucose sensors for
more than 20 years. The near-infrared
laser beam used for Raman spectroscopy
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can only penetrate a few millimeters into
tissue, so one key advance was to devise a
way to correlate glucose measurements
from the fluid that bathes skin cells,
known as interstitial fluid, to blood glucose
levels. However, another key obstacle
remained: The signal produced by glucose
tends to get drowned out by the many
other tissue components found in skin.
“When you are measuring the signal
from the tissue, most of the strong signals
are coming from solid components such
as proteins, lipids, and collagen. Glucose is
a tiny, tiny amount out of the total signal.
Because of that, so far we could not actually see the glucose signal from the measured signal,” Kang says.
To work around that, the MIT team has
developed ways to calculate glucose levels
indirectly by comparing Raman data from
skin samples with glucose concentrations
Medical Design Briefs, March 2020

in blood samples taken at the same time.
However, this approach requires frequent
calibration, and the predictions can be
thrown off by movement of the subject or
changes in environmental conditions.
For the new study, the researchers
developed a new approach that lets them
see the glucose signal directly. The novel
aspect of their technique is that they
shine near-infrared light onto the skin at
about a 60° angle, but collect the resulting Raman signal from a fiber perpendicular to the skin. This results in a
stronger overall signal because the glucose Raman signal can be collected while
unwanted reflected signal from the skin
surface is filtered out.
The researchers tested the system in
pigs and found that after 10–15 minutes
of calibration, they could get accurate
glucose readings for up to an hour. They
verified the readings by comparing them
to glucose measurements taken from
blood samples.
“This is the first time that we directly
observed the glucose signal from the tissue in a transdermal way, without going
through a lot of advanced computation
and signal extraction,” So says.
■ Continuous Monitoring
Further development of the technology is needed before the Raman-based
system could be used to monitor people
with diabetes, the researchers say. They

now plan to work on shrinking the device,
which is about the size of a desktop printer, so that it could be portable, in hopes of
testing such a device on diabetic patients.
“You might have a device at home or a
device in your office that you could put
your finger on once in a while, or you
might have a probe that you hold to your
skin,” So says. “That’s what we’re thinking about in the shorter term.”
In the long term, they hope to create a
wearable monitor that could offer continuous glucose measurements.
Other MIT authors of the paper
include former postdoc Surya Pratap
Singh, who is now an assistant professor at
the Indian Institute of Technology;
Wonjun Choi, a former visiting scientist
from the Institute for Basic Science in
South Korea; research technical staff
member Luis Galindo; and principal
research scientist Ramachandra Dasari.
Hojun Chang, Woochang Lee, and
Jongae Park of the Samsung Advanced
Institute of Technology are also authors
of the study.
The research was funded by the
National Institutes of Health, the
Samsung Advanced Institute of Technology, the Singapore-MIT Alliance
Research and Technology Center, and
Hamamatsu Corporation.
This article was written by Anne Trafton,
MIT News Office. For more information, visit
http://news.mit.edu/.

Machine Keeps Human Livers Alive
for One Week Outside of the Body
Breakthrough may increase
the number of available
organs for transplantation.
University of Zurich
Zurich, Switzerland
Until now, livers could be stored safely
outside the body for only a few hours.
With the novel perfusion technology, livers — and even injured livers — can now
be kept alive outside of the body for an
entire week. This is a major breakthrough
in transplantation medicine, which may
increase the number of available organs
for transplantation and save many lives of
patients suffering from severe liver disease or a variety of cancers.
Injured cadaveric livers, initially not
suitable for use in transplantation, may

regain full function while perfused in the
new machine for several days. The basis
for this technology is a complex perfusion
system, mimicking most core body functions close to physiology. The corresponding study was published in the journal
Nature Biotechnology.1
■ Offering What Other Machines
Cannot
“The success of this unique perfusion
system — developed over a four-year
period by a group of surgeons, biologists,
and engineers — paves the way for many
new applications in transplantation and
cancer medicine helping patients with
no liver grafts available,’ explains Prof.
Pierre-Alain Clavien, Chairman of the
Department of Surgery and Transplantation
at the University Hospital Zurich (USZ).

Medical Design Briefs, March 2020

www.medicaldesignbriefs.com

Cov

ToC

A creative cadence
for unique designs
Rapid Prototyping
Design for Manufacturing
Design Engineering
Assistance
Turnkey Focus

800.252.3371 | cadenceinc.rocks

Free Info at http://info.hotims.com/76501-785

The perfusion machine in operation. The donor
liver is connected in the white container in the
upper left. (Credit: USZ/beamue)
A surgeon connects the donor liver to the perfusion machine. (Credit: USZ/beamue)

When the project started in 2015, livers could only be kept on the machine
for 12 hours. The seven-day successful
perfusion of poor-quality livers now
allows for a wide range of strategies, e.g.,
repair of preexisting injury, cleaning of
fat deposits in the liver, or even regeneration of partial livers.
■ Liver4Life: A project from Wyss
Zurich
The Liver4Life project was developed
under the umbrella of Wyss Zurich
institute, which brought together the
highly specialized technical know-how
and biomedical knowledge of experts

from the University Hospital Zurich
(USZ), ETH Zurich, and the University
of Zurich (UZH).
“The biggest challenge in the initial
phase of our project was to find a common
language that would allow communication
between the clinicians and engineers,”
explains Prof. Philipp Rudolf von Rohr,
professor of process engineering at ETH
Zurich and co-leader with professor
Clavien of the study.
■ Technology with Great Potential
The inaugural study shows that six of
10 perfused poor-quality human livers,
declined for transplantation by all centers

in Europe, recovered to full function
within one week of perfusion on the
machine. The next step will be to use
these organs for transplantation. The
proposed technology opens a large
avenue for many applications offering a
new life for many patients with end-stage
liver disease or cancer.
Reference
1. Dilmurodjon Eshmuminov, et al., “An
integrated perfusion machine preserves
injured human livers for one week,” Nature
Biotechnology. Doi : 10.1038/s41587-0190374-xFor more information, visit
https://discovery.kaust.edu.sa.

For more information, visit www.uzh.ch/
en.html.

Wearable Gas Sensor Enhances Sensitivity
The sensor allows for
quick recovery and reuse
of the platform.
Penn State
State College, PA
A highly sensitive wearable gas sensor for environmental and human
health monitoring may soon become
commercially available, according to
researchers at Penn State and
Northeastern University.
The sensor platform is an improvement
on existing wearable sensors because it
uses a self-heating mechanism that
enhances sensitivity and allows for quick
recovery and reuse of the platform. Other
sensor platforms require an external
heater. In addition, other wearable sensors require an expensive and time-

consuming lithography process under
cleanroom conditions.
“People like to use nanomaterials for
sensing because their large surface-tovolume ratio makes them highly sensitive,” says Huanyu Cheng, assistant professor of engineering science and mechanics
and materials science and engineering,
Penn State. “The problem is the nanomaterial is not something we can easily hook
up to with wires to receive the signal,
necessitating the need for something
called interdigitated electrodes, which are
like the digits on your hand.”
In their new work, Cheng and his team
use a laser to pattern a highly porous single line of nanomaterial similar to
graphene for gas, biomolecules and in the
future chemical sensing. In the nonsensing portion of the platform, they create a
series of serpentine lines that they coat
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with silver. When they apply an electrical
current, the gas sensing region will locally
heat up due to its significantly larger electrical resistance, eliminating the need for a
heater. The serpentine lines allow the platform to stretch like springs to adjust to the
flexing of the body for wearable sensors.
The nanomaterials used in this work
are reduced graphene oxide and molybdenum disulfide, or a combination of
the two, or a metal oxide composite consisting of a core of zinc oxide and a shell
of copper oxide, representing the two
classes of widely used gas sensor materials (i.e., low-dimensional and metal
oxide nanomaterials).
“Using a CO2 laser, often found in
machine shops, we can easily make multiple sensors on our platform,” Cheng
says. “We plan to have tens to a hundred
sensors, each selective to a different molMedical Design Briefs, March 2020
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A wearable gas sensor can monitor environmental and human health conditions. (Credit: Jennifer McCann/Penn State)

ecule, like an electronic nose, to decode multiple components
in a complex mixture.”
The U.S. Defense Threat Reduction Agency (DTRA) is interested in this wearable sensor to detect chemical and biological agents
that could damage the nerves or lungs. A medical device company
is also working with the team to scale up production for patient
health monitoring, including gaseous biomarker detection from
the human body and environmental detection of pollutants that
can affect the lungs.
Ning Yi, a Ph.D. student in Chen’s lab and co-lead author of a
new paper posted online in the Journal of Materials Chemistry A,
says, “In this paper, we showed that we could detect nitrogen dioxide, which is produced by vehicle emissions. We can also detect
sulfur dioxide, which, together with nitrogen dioxide, causes acid
rain. All these gases can be an issue in industrial safety.”
Their next step is to create high-density arrays and try some
ideas to improve the signal and make the sensors more selective.
This may involve using machine learning to identify the distinct
signals of individual molecules on the platform.
The forthcoming print version of the journal will feature this
paper with their image on its back cover. Other authors on the
paper, titled “Novel gas sensing platform based on a stretchable
laser-induced graphene pattern with self-heating capabilities” are
visiting scientist and co-first author Li Yang, Jia Zhu, a Ph.D. student in Cheng’s group, Hongli Zhu, an assistant professor at
Northeastern University and her student Zheng Cheng, and
Xueyi Zhang, assistant professor of chemical engineering and his
Ph.D. student Xinyang Yin, Penn State.
Funding was provided by start-up funding and seed grants
at Penn State and Northeastern, and National Science
Foundation. A provisional patent has been applied for.
This article was written by Walt Mills, Penn State. For more
information, visit https://www.mri.psu.edu.
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Research Zeroing in on Electronic Nose for
Diagnosing Disease
The nose measures gases
in a patient’s breath.
Oregon State University
Corvallis, OR
Research at Oregon State University
has pushed science closer to developing
an electronic nose for monitoring air
quality, detecting safety threats and diagnosing diseases by measuring gases in a
patient’s breath.
Recently published research led by
Cory Simon, assistant professor of
chemical engineering in the OSU
College of Engineering, in collaboration with chemical engineering professor Chih-Hung Chang focused on materials known as metal-organic frameworks, or MOFs.
The research took aim at a critical yet
understudied hurdle in using MOFs as
gas sensors: Out of the billions of possible
MOFs, how do you determine the right
ones for building the optimal electronic
nose?
MOFs have nanosized pores and selectively adsorb gases, similar to a sponge.
They are ideal for use in sensor arrays
because of their tunability, enabling engineers to use a diverse set of materials that
allows an array of MOF-based sensors to
deliver detailed information.
Depending on which components
make up a gas, different amounts of the
gas will adsorb in each MOF. That means
the composition of a gas can be inferred
by measuring the adsorbed gas in the
array of MOFs using micro-scale balances.
The challenge is that all MOFs adsorb
all gases — not to the same extent, but
nevertheless the absence of perfect selectivity prevents an engineer from simply
saying, “let’s just dedicate this MOF to carbon dioxide, that one to sulfur dioxide,
and another one to nitrogen dioxide.”
“Curating MOFs for gas sensor arrays is
not that simple because each MOF in the
array will appreciably adsorb all three of
those gases,” Simon says.
Human noses navigate this same problem by relying on about 400 different
types of olfactory receptors. Much like
the MOFs, each olfactory receptor is activated by many different odors, and each
odor activates many different receptors;
the brain parses the response pattern,

Gas sensor array. (Credit: OSU College of Engineering)

allowing people to distinguish
a multitude of different odors.
“In our research, we created a
mathematical framework that
allows us, based on the adsorption properties of MOFs, to
decide which combination of
MOFs is optimal for a gas sensor
array,” Simon says. “There will
inevitably be some small errors
in the measurements of the mass
of adsorbed gas, and those
errors will corrupt the prediction of the gas composition
based on the sensor array
response. Our model assesses
how well a given combination of
MOFs will prevent those small
errors from corrupting the esti- MOF crystal structure. (Credit: OSU College of Engineering)
mate of the gas composition.”
Though the research was primarily
we are working with to make a real-life
mathematical modeling, the scientists
electronic nose to detect air pollutants.”
used experimental adsorption data in
“We are currently seeking external
real MOFs as input, Simon says, adding
funding together to bring this novel conthat Chang is an experimentalist “who
cept into physical realization,” Simon
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says. “Because of this paper, we now have
a rational method to computationally
design the sensory array, which encompasses simulating gas adsorption in the
MOFs with molecular models and simulations to predict their adsorption properties, then using our mathematical
method to screen the various combinations of MOFs for the most accurate sensor array.”
Meaning that instead of an experimental trial-and-error approach to
decide which MOFs to use in a sensor
array, engineers can use computational

power to curate the best collection of
MOFs for an electronic nose.
Another exciting application of such
a nose could be diagnosing disease.
The volatile organic compounds
humans emit, such as through our
breath, are filled with biomarkers for
multiple diseases, and studies have
shown that dogs — which have twice
the number of different olfactory
receptors as humans — can detect diseases with their nose.
Marvelous though they are, however,
dogs’ noses aren’t as practical for wide-

spread diagnostic use as a carefully crafted
and manufactured sensor array would be.
Findings of the computational MOF
research were published in ACS Applied
Materials & Interfaces.
OSU chemical engineering PhD student Arni Sturluson was the first author on
the study. Also collaborating were PhD student Yujing Zhang and undergraduates
Rachel Sousa, Melanie Huynh, Caleb
Laird, Arthur H.P. York, and Carson Silsby.
This article was written by Steve Lundeberg,
Oregon State University. For more information, visit https://today.oregonstate.edu.

Cold Plasma Patch Could Make Immunotherapy More
Effective for Treating Melanoma
The patch significantly
prolonged survival,
inhibited growth of tumors
in mice.
UCLA Health
Los Angeles, CA
An interdisciplinary team of researchers
at the UCLA Jonsson Comprehensive
Cancer Center has developed a medicated
patch that can deliver immune checkpoint
inhibitors and cold plasma directly to
tumors to help boost the immune
response and kill cancer cells.
The thumb-sized patch has more than
200 hollow microneedles that can penetrate the skin and enter the tumor tissue. The cold plasma is delivered
through the hollow structure, destroying cancer cells, which facilitates the
release of tumor-specific antigens and
boosts an immune response. The
immune checkpoint inhibitors — antibodies that block checkpoint proteins,
which interferes with immune system
function and prevents the immune system from destroying cancer cells — are
also released from the sheath of
microneedles to boost the T cell-mediated anti-cancer effects.
In the study, which is published in the
Proceedings of the National Academy of
Sciences, the UCLA researchers found
that delivering the two therapies to mice
with melanoma using the patch enabled
the immune system to better attack the
cancer, significantly inhibiting the
growth of the tumor and prolonging
the survival of the mice.

A schematic shows the thumb-sized cold plasma patch, which has more than 200 hollow
microneedles that can penetrate the skin and
enter the tumor tissue. (Credit: UCLA)

The team also found that the therapy
not only inhibited the growth of the targeted tumor, but it also could inhibit the
growth of tumors that had spread to
other parts of the body.
“Immunotherapy is one of the most
groundbreaking advances in cancer
treatment,” says study senior author
Zhen Gu, professor of bioengineering at
the UCLA Samueli School of Engineering and member of the Jonsson
Cancer Center. “Our lab has been working on engineering new ways to apply or
deliver drugs to the diseased site that
could help improve the effectiveness of
cancer immunotherapy, and we found
the patch to be a quite promising delivery system.”
The study is also the first to demonstrate that cold plasma can be effective
in synergizing cancer immunotherapy.
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Plasma, which is usually hot, is an ionized gas that comprises more than 99
percent of the universe. Here, cold plasma is generated by a small device operating at atmospheric pressure and room
temperature. Therefore, cold plasma
can be applied directly to the body —
internally or externally.
“This study represents an important
milestone for the field of plasma medicine,” says co-senior author Richard
Wirz, professor of mechanical and aerospace engineering at UCLA Samueli. “It
demonstrates that the microneedle
patch can realize the plasma delivery
while also working with the drug to
improve the effectiveness of cancer
therapy.”
“Plasma” can generate reactive oxygen species and reactive nitrogen
species, which are a group of chemical
species that can destroy cancer cells, says
Guojun Chen, who is the co-first author
of the study and a postdoctoral fellow in
Gu’s laboratory.
“Those cancers can then release
tumor-associated antigens, which can
enhance immune response to kill cancers,” says Zhitong Chen, who is the other
co-first author and a postdoctoral fellow
in Wirz’s lab.
The team tested the cold plasma
patch on mice with melanoma tumors.
The mice that received the treatment
showed an increased level of dendritic
cells, which are a specific type of white
blood cells that alert the immune system
of a foreign invader and initiate a T cellmediated immune response.
The group of mice also showed
delayed tumor growth compared to the
51

untreated group, and 57 percent were
still alive at 60 days, while mice in other
control groups had all died.
“This treatment strategy can potentially
go beyond cancer immunotherapy,” says
Gu, who is also a member of the California NanoSystems Institute at UCLA.

“Integrated with other treatments, this
minimally invasive method can be extended to treat different cancer types and a
variety of diseases.”
The patch will have to go through further testing and approvals before it
could be used in humans. But the team

members believe the approach holds
great promise.
The work was funded by the National
Institutes of Health and the Air Force
Office of Scientific Research.
For more information, visit https://www.
uclahealth.org.

Discovery Takes Pressure Off Blood Measurements
The portable blood
pressure monitoring
device provides data
continuously to patients.
Monash University
Melbourne, Australia
Researchers at Monash University are on
the verge of creating a revolutionary,
portable blood pressure monitoring device
that can provide data continuously to
patients from the comfort of their home.
In a world-first study, led by Associate
Professor Mehmet Yuce from Monash
University’s department of electrical and
computer systems engineering, 43
Australian participants trialed a wireless
blood pressure monitoring device,
developed by the research team, which
provided continual readings across a 24hour period.
Data was recorded during a range of
sedentary and physical activities during
the participants’ regular day. Results were
published in the prestigious international
journal Nature Scientific Reports.
Blood pressure abnormalities, such as
hypertension and hypotension, are
important risk factors for many critical
short- and long-term illnesses, with a
global disease burden of 1.25 billion
people. The current gold standard for
blood pressure measurement is the
cuffed sphygmomanometer, commonly
seen at GP clinics and hospitals.
“For close to a century, the health sector has used the cuff device to measure
blood pressure. More invasive measures
are used to monitor the continuous
blood pressure of critically ill patients,
which are uncomfortable and could
potentially cause infection due to
ischemia,” Yuce says.
Researchers used continuous wave
radar (CWR) and photoplethysmogram
(PPG) sensors to calculate continuous
blood pressure measurements. The CWR
and PPG sensors were placed on the ster-

The device measures blood flow within the main
aorta. (Credit: Monash University)

num and left earlobe respectively.
By using radar technology, researchers were able to calculate the preejection period (PEP) — the mechanical delay associated with heart movements ejecting the blood — and the
pulse transit time to estimate blood pressure in patients while sitting, laying
down or exercising.
Results on subjects participating in
posture tasks were 93 percent accurate,
while those performing exercises
achieved an 83 percent success rate.
Yuce and his research team have
developed several prototypes of the
blood pressure device and will conduct
further tests to make it more accurate
and suitable for clinical use.
“Clinicians still cannot continuously
measure blood pressure during sleep,
nor during times of activity such as walking or running. This means people with
high, low or irregular blood pressure
can’t get the critical information they
need about the state of their health
around the clock,” Yuce says. “A wearable device that can provide comfort
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and portability while people are going
about their daily lives will be a significant
development for the health sector in
Australia and internationally.”
A trial was conducted on 43 participants, between the ages of 40 and 65,
with no previous cardiovascular problems. Participants wore both the cuff
device and the chest-based prototype to
monitor the difference between blood
pressure readings.
Blood pressure data was recorded on all
participants while sitting, standing and laying in the supine position (facing
upward). Subsequent tests were also conducted with patients holding a handgrip
for two minutes; cycling at a fixed speed
across three different resistance levels; and
at the recovery stage after the cycling tasks.
The technology has the capability of
providing real-time access to data and
gives doctors an overview of how their
patients’ blood pressure changes over
the course of a day, rather than at the
time of testing.
“The CWR sensors present a low-power,
continuous, and potentially wearable system with minimal body contact to monitor
aortic valve activities directly. Doctors
would be interested to see such information for long-term better diagnosis of their
patients Yuce says.
“Results of this study demonstrate the
potential superiority of CWR-based PEP
extraction for various medical monitoring applications, including blood pressure monitoring.”
In addition to Yuce, the research team
comprises Malikeh Pour Ebrahim,
Fatemeh Heydari, Taiyang Wu, and Dr.
Jean-Michel Redoute (Monash University),
and Associate Professor Katherine Walker
and Dr. Keith Joe (Cabrini Health).
The research project is supported by an
Australian Research Council Linkage Project
grant. For more information, visit https://
www.monash.edu. A video of the technology is
available at https://www.youtube.com/
watch? time_continue=16&v=R3VjeiKCbKI
&feature=emb_logo.
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PRODUCT OF THE MONTH

2020 Product of the Year
Finalist

■ Elastomers for Drug-Delivery Devices

West Pharmaceutical Services, Exton, PA, has launched a new advanced elastomer. The 4040/40 formulation
includes two LyoTec® stopper designs — 13 and 20 mm — with a versatile universal design that delivers high functionality and reliability. According to the company, it was developed through a quality-by-design (QbD) approach
to material selection and component analysis, resulting in a reduction of extractables. The formulation features
Westar® Select quality and low particulate levels, with optimal design, drug compatibility, and quality designed to protect drug stability,
drive robust performance, and minimize fill-finish rejects.
For Free Info Visit http://info.hotims.com/76501-342

Product Focus: Materials
■ Biomedical Coatings

■ Tubing

Jaro Corp., Ipswich, MA, Jaro Corp has
added the capability to apply an advanced two-component polyurethane
coating. Polane 8400 provides a biocompatible, chemically resistant, and durable
surface finish appearance to meet medical device requirements.
Suitable for both smooth and textured finishes, the coating can be
applied to most metal, plastic, and composite base materials. The
finish not only protects the material surface, but also remains inert
during patient contact. It meets ISO 10993 standards.

A phthalate-free tubing is available from
NewAge Industries, Southampton, PA. In
addition, Clearflo 70 tubing meets USP Class
VI requirements and is made from nontoxic
ingredients conforming to FDA standards. It
features a glass-like clarity lets users view fluid flow. It offers smooth
surfaces for outstanding flow and flexibility with light weight and
abrasion resistance. The tubing is designed to handle a variety of
chemicals, gases, and liquids.
For Free Info Visit http://info.hotims.com/76501-346

For Free Info Visit http://info.hotims.com/76501-343

■ UV Epoxy

■ Thermoplastic Compounds

EpoxySet, Woonsocket, RI, offers a lightactivated chemistry that allows for fast processing.
Flashbond UV-5608DC also allows for fixturing of
parts even if both parts are opaque. The one-part
epoxy is blue-light activated from 365 to 405 nm
with an intensity of about 150 mW/cm2 for 5–10
sec. Parts are then mated together and aligned within 45–60 sec of
activation. The adhesive yields green strength after 30 min for handling. Full cure occurs over the next 16 hours at room temperature.

RTP Company, Winona, MN, has developed a selection of thermoplastic compounds that provide strength, durability,
color, flame retardance, wear and chemical resistance, and more for surgical robotic systems. The materials
are suitable for robotic systems and housings; monitor components like housings, bezels, bases, and tool holders; reusable instruments such as cannulas, trocar housings, grasper tips, and endo
ports; single-use tools such as surgical forceps, shears, tweezers and
tool housings; and medical staplers.

For Free Info Visit http://info.hotims.com/76501-345

For Free Info Visit http://info.hotims.com/76501-344

■ IoT Prototyping Board

■ Wireless Platform

Renesas, Tokyo, Japan, has introduced a low-power prototyping
board that will simplify and speed
up product development for IoT
endpoint equipment including healthcare equipment. The
RL78/G14 Fast Prototyping Board is based on the company’s
RL78/G14 MCU, which has a numerical processing performance of
51.2 DMIPS at 32 MHz, up to 512 KB of flash memory, and up to 48
KB of RAM. According to the company, it has the industry's lowest levels of current drain, 66 μA/MHZ, when the CPU is operating and 240
nA in standby mode (STOP).

A highly integrated, single-chip solution for a wide range of low-power,
battery-based IoT product designs is available from Innophase, San Diego, CA. The
Talaria TWO System on a Chip (SoC)
includes the company’s patented PolaRFusion™ radio — a complete
2.4 GHz radio built using a polar architecture that enables extreme low
power and programmable functionality. It includes an Arm Cortex-M3
processor, memory, RF, baseband, PHY, and MAC functionality integrated into a small, single-chip design. The chip initially supports IEEE
802.11 b/g/n and Bluetooth Low Energy (BLE 5.0) standards.

For Free Info Visit http://info.hotims.com/76501-347

For Free Info Visit http://info.hotims.com/76501-348
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■ Asset Management

■ FDR Technology

Hexagon Manufacturing Intelligence,
North Kingston, RI, has released a cloudready software solution that offers access
to real-time machine status and utilization
reporting. The HxGN SFx software unlocks
data typically siloed in individual coordinate measuring machines (CMM) to provide real-time insight into
the performance, use, and status of multiple CMMs across one or several sites. Manufacturers can shift from managing assets as a cost center to optimizing equipment profitability and value creation. The
data aggregated can be used to pre-emptively schedule maintenance
and identify sources of downtime.

EOS, Krailling, Germany, offers fine detail
resolution (FDR) technology for processing
polymers. According to the company, it is the
first powder-based 3D printing using a CO
laser. The process makes it possible to produce extremely delicate yet robust parts with fine detail resolution surfaces and minimum wall thicknesses of only 0.22 mm. The 50-W CO
laser creates an ultra-fine laser beam with a focus diameter that is only
half the size of current SLS technologies.

For Free Info Visit http://info.hotims.com/76501-362

■ Ventilation System
IVEC, Newlin, WI, has introduced
an on-demand ventilation system. The
new Ultra™ high-efficiency air quality
control system not only significantly
reduces energy costs but also improves
air filtration, extends filter life, and reduces equipment maintenance
requirements. The system automatically adjusts power usage and fan
speeds based on demand and filter conditions. A core component of
the system is the new General Ventilation Self Cleaning (GVSC) dust
collector, a non-ducted, self-contained ambient air filtration unit
designed for easy, versatile configuration above the work zone.
For Free Info Visit http://info.hotims.com/76501-363

Extend The Life of Tools and
Wear Surfaces Up to 1000%.

For Free Info Visit http://info.hotims.com/76501-352

■ Composite Tubing
Polygon, Walkerton, IN, offers a composite tubing
for use a diverse array of demanding medical applications. PolyMed is invisible to x-ray, thermally insulating, and nonconductive. Its strength and performance characteristics are said to exceed those of stainless steel and traditional thermoplastic materials. It
can be rigid or flexible and can acts as a drop-in replacement for stainless steel tubing in a variety of endoscopic and laparoscopic instrumentation applications. The tubing is ISO-10993 compliant and can
be sterilized.
For Free Info Visit http://info.hotims.com/76501-355

■ Thermoelectric Coolers
Laird Thermal Systems, Morrisville, NC,
offers thermoelectric coolers that provide
active cooling below ambient temperatures to
extend the life of reagents. The CP Series offers
a cooling capacity of up to 125 W in a compact
form factor. Featuring solid-state construction
with no moving parts, the cooler offers low power, high reliability operation with no noise — all in a small footprint. Solid-state operation also
offers design and integration flexibility, as the thermoelectric device
can be mounted in any orientation.
For Free Info Visit http://info.hotims.com/76501-350

■ Portable Interface
Cogiscan, Bromont, QC, Canada, has launched a
faster, more efficient, and error-proof portable operator
interface for manufacturing and production. The TTC
Go! Is designed for Android 7+ supported mobile
devices. The intuitive, context-driven interface guides
users to achieve simple tasks with as little clicks, data
entry, or scanning steps as possible. The new application upgrades outdated technology that is no longer supported.
For Free Info Visit http://info.hotims.com/76501-358

Improve and renew Micro-Electronic Tools, Surgical Instruments and MicroLaboratory Instruments with the Hunter Carbitron 300. This simple easy-touse process applies tungsten-carbide to tools and wear surfaces extending
the life up to 1000%.

■ Sensor Module
Fujitsu, Sunnyvale, CA, has introduced
a three-channel, 24 GHz Doppler radar
sensor with a wide speed-detection range
and high interference tolerance. The
FWM7RAZ01 module and evaluation kit
facilitates the rapid development and evaluation of various non-contact, movement sensing products even without high-frequency RF
electronics expertise. Target applications include human vital sign
and fall monitoring. The kit supports IF (I/Q) output signals from 1
Hz to 1 MHz, enabling it to wirelessly detect movement speeds from
6 mm/sec to 6 km/sec, within a 30-m range.

The Carbitron 300 system, consisting of an adjustable power supply and
vibrating hand-tool is a heavy-duty unit incorporating the features of units
selling for 5 – 10 times its low price.
Used for Tissue Forceps, Needle Holders, Micro Needle Holders, Micro Pliers etc.

Hunter Products, Inc.
908-526-8440
www.hunterproducts.com
E-mail: hunter@hunterproducts.com
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PRODUCT SPOTLIGHT
CUSTOM
AUTOMATION
EQUIPMENT
■ Power Supplies
A complete line up of configurable power supplies for medical
applications is available from COSEL, San Jose, CA. The AME
series — AME400F, AME600F, AME800F, and AME1200F — cover
applications from 400 to 1200 W. Each version can host independent output modules that can be combined and mixed to offer a
unique configuration as required by the application. Two versions of output modules are
offered, 120 and 240 W. Both modules are available in four output voltages: +5, +12, +24, and
+48V. The AME series input/output isolation complies with 2 MOPP requirements.

The Arthur G. Russell Company
designs automatic assembly
equipment for the medical device industry. We specialize in high-speed, mechanical
systems designed for products like syringes, blood collection tubes, catheters, and dosage dispensers.
AGR’s manufacturing process adheres to stringent
FDA requirements. http://www.arthurgrussell.com/

The Arthur G. Russell Co.

For Free Info Visit http://info.hotims.com/76501-356

■ TPE Compound

Free Info at http://info.hotims.com/76501-788

A line of thermoplastic elastomer (TPE) compounds for medical
device applications is available from Colorite, Wayne, PA. Cellene
TPE compounds are formulated to be silicone, latex, phthalate,
halogen, and PVC-free using FDA-compliant raw materials to meet
USP Class VI and ISO 10993 standards. The compounds are ideal
for medical device manufacturers looking for alternatives to PVC, phthalate-plasticized compounds, and various rubber materials.
For Free Info Visit http://info.hotims.com/76501-357

■ MES Software
GE Digital, San Ramon, CA, has launched a multi-modal manufacturing execution system (MES). Plant Applications 8.0 helps
manufacturers leverage real-time production data to optimize operations. According to the company, it is the first enterprise scale MES
that supports discrete, process, and multi-modal manufacturing.
The software is built for easy adoption, is simple to configure, and
can be scaled to cover multiple sites globally, helping manufacturers
to maximize overall equipment effectiveness, improve production scheduling, and drive
improvements in product quality.
For Free Info Visit http://info.hotims.com/76501-364

NANOSILICA
FILLED LED
CURABLE
ADHESIVE
Master Bond LED405Med is
a one component, LED curing adhesive that meets USP Class VI and ISO 10993-5
cytotoxicity requirements for use in medical device
assembly. It features a high viscosity of 2,000-8,000 cps
and can be used for bonding, sealing, coating and
encapsulating. This biocompatible compound withstands sterilization methods such as gamma radiation,
EtO and radiation. http://www.masterbond.com/tds/
led405med

Master Bond
Free Info at http://info.hotims.com/76501-789

Become an INSIDER
Start your free subscription
to Tech Briefs’ INSIDER
e-mail newsletter to keep
pace with the latest technology advances and licensing opportunities in aerospace, electronics, photonics, manufacturing, and
other key fields.

■ Actuator System
Kyntronics, Cleveland, OH, has developed an all-in-one actuator.
The patent-pending HSHF (High Speed/High Force) single cylinder actuator is designed to overcome the problem of having to oversize actuation components for applications that have a rapid stroke
at low force with a load stroke at high force. The system leverages
valves to control the pump flow to either the HS or HF cylinder. The motion program is
capable of accurately controlling position, force, and speed in all four quadrants throughout any position in the HF cylinder
For Free Info Visit http://info.hotims.com/76501-354

www.techbriefs.com/insider

■ Proportional Isolation Valves
A proportional isolation valve from Clippard, Cincinnati, OH, utilizes
a robust and powerful miniature linear actuator. The patent-pending
Eclipse valve is designed for optimal performance and durability. The
valve is ideal in critical medical applications requiring ultra-fine resolution and excellent repeatability. In addition, the unique design allows for
custom flow profiles. Flow Resolution is 0.19 ml/min water and 0.007 l/min air max @ 30 psig.
For Free Info Visit http://info.hotims.com/76501-351

■ Component Assemblies
Qosina, Ronkonkoma, NY, has introduced “Build-It-Yourself
Assemblies,” a visual reference that helps customers easily find and
order components. The resource features a downloadable bill of
materials for design planning and a one-click download of related
documentation needed for regulatory filings. Users can also request
component samples, place an order, or request a quote to have the parts assembled for them.
Assemblies will be added to the gallery on an ongoing basis.
For Free Info Visit http://info.hotims.com/76501-349
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MEDTECH LEADERS
Free annual publication
from Medical Design Briefs
features informative articles
2019 and profiles of leading companies in nine areas of technology: Electrical Connectors/Wires/Cables,
Testing, Tubing/Extrusion,
Additive Manufacturing, Materials/Coatings/ Adhesives,
Motors & Motion Control/
Robotics, Electronics, Contract Manufacturing/Outsourcing, and Gas/Fluid
Handling/Pumps.
www.medicaldesignbriefs.com

Technology Leaders

From the Publishers of

www.medicaldesignbriefs.com/
techleaders19
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Upcoming...

Webinars
Overcoming Mediocrity in Cylindrical
Laser Processing of Medical Devices
Tuesday, March 24, 2020 at 2:00 pm U.S. EDT
Laser processing has been used for decades to manufacture tubular medical devices. However, achieving the precision that is necessary for high-volume production is more challenging now than ever before. This 30-minute Webinar will focus on ways to improve
your tubular laser processing systems.
Speaker:
William S. Land II
Mechanical Engineer and
Business Development Manager,
Aerotech

Please visit www.techbriefs.com/webinar012

Ethylene Oxide Sterilization:
The Future State
Tuesday, March 31, 2020 at 11:00 am U.S. EDT
This 45-minute Webinar examines strategies employed to reduce EO usage while ensuring designated sterility assurance levels and
benefits. It also discusses innovative new solutions that enhance the safe, sustainable use of EO from Sotera Health and its business units, Sterigenics and Nelson Labs.
Speaker:
Grégory Grams

EO Technical Director,
Sterigenics

Please visit www.techbriefs.com/webinar015

Webinars on Demand!
Modeling Interactions in Energy-Based
Medical Devices Using COMSOL Multiphysics®
There has been an explosion of energy-based medical devices in recent years, with applications ranging from cosmetic to surgical
use cases. This Webinar presents some of the applications of energy-based medical devices, along with how Emphysys leverages
modeling and simulation to assist in rapid prototyping and technology development.
Speakers:
Walter Frei
Manager,
COMSOL Applications Team

Daniel Smith
Director of Modeling and
Simulation,
Emphysys

Please visit www.techbriefs.com/webinar001
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INNOVATIONS

Portable Device Helps Doctors Diagnose Sepsis Faster
EPFL
Lausanne, Switzerland

E

PFL researchers have developed a
highly sensitive and portable optical biosensor that stands to accelerate the diagnosis of fatal conditions like
sepsis. It could be used by ambulances
and hospitals to improve the triage
process and save lives.
Sepsis claims one life every four seconds. It is the primary cause of death in
hospitals, and one of the ten leading
causes of death worldwide. Sepsis is associated with the body’s inflammatory
response to a bacterial infection and
progresses extremely rapidly: every hour
that goes by before it is properly diagnosed and treated increases the mortality rate by nearly 8 percent. Time is critical with sepsis, but the tests currently
used in hospitals can take up to 72 hours
to provide a diagnosis.
Many scientists are working on this
critical issue, including those at Abionic,
an EPFL spin-off. Researchers at the
Laboratory of Bionanophotonic Systems
(BIOS) at EPFL’s School of Engineering
have just unveiled a new technology.
They have developed an optical biosensor that slashes the sepsis diagnosis time
from several days to just a few minutes.
Their novel approach draws on recent
developments in nanotechnology and
on light effects at a nanoscale to create a
highly portable, easy-to-use device that
can rapidly detect sepsis biomarkers in a
patient’s bloodstream. And their device
takes just a few minutes to deliver a
result, like a pregnancy test.
Because the biosensor uses a unique
plasmonics technology, it can be built
from small, inexpensive components, yet
it can achieve an accuracy on par with
gold-standard laboratory methods. The
device can screen a large panel of biomarkers and be adapted for the rapid
diagnosis of a number of diseases. It was
installed at Vall d’Hebron University
Hospital in Spain and used in blind tests
to examine patient samples from the hospital’s sepsis bank. The researchers’ technology is patent-pending, and their findings were recently published in Small.

The device is compact and affordable (Credit:
Alain Herzog/EPFL 2020)
The biosensor accelerates the diagnosis of fatal
conditions like sepsis. (Credit: Bionanophotonics
Systems Laboratory, EPFL)

■ Trapping Biomarkers in Nanoholes
The device employs an optical metasurface — in this case a thin gold sheet
containing arrays of billions of
nanoholes. The metasurface concentrates light around the nanoholes so as
to allow for exceptionally precise biomarker detection. With this type of
metasurface, the researchers can detect
sepsis biomarkers in a blood sample with
nothing more than a simple LED and a
standard CMOS camera.
The researchers begin by adding to
the sample a solution of special nanoparticles that are designed to capture
the biomarkers. They then distribute
this mixture on the metasurface. “Any
nanoparticles that contain captured biomarkers are trapped quickly by antibodies on the nanoholes,” says Alexander
Belushkin, the lead author of the study.
When an LED is applied, those nanoparticles partially obstruct the light passing
through the perforated metasurface.
“These nanoscale interactions are
imaged by the CMOS camera and digitally counted in real-time at high precision,” says Filiz Yesilkoy, the study’s coauthor. The generated images are used
to rapidly determine whether disease
biomarkers are present in a sample and,
if so, in what concentration. They used
the new device to measure the blood
serum levels of two important sepsis relevant biomarkers, procalcitonin and C-
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Hatice Altug and Alexander Belushkin in the lab.
(Credit: Alain Herzog/EPFL 2020)

reactive protein. Doctors can use this
information to accelerate the triage of
sepsis patients, ultimately saving lives.
“We believe our low-cost, compact
biosensor would be a valuable piece of
equipment in ambulances and certain
hospital wards,” says Hatice Altug, the
head of BIOS. Scientists already have
possible applications in mind. “There is
an urgent need for such promising
biosensors so that doctors can diagnosis
sepsis accurately and quickly, thereby
keeping patient mortality to a minimum,” say Anna Fàbrega and Juan José
González, lead doctors at Vall d’Hebron
University Hospital.
Reference
1. A Belushkin, et al., “Rapid and Digital
Detection of Inflammatory Biomarkers
Enabled by a Novel Portable Nano plasmonic Imager,” Small , 2019: Vol 16
Issue 3.

This article was written by Laure-Anne
Pessina. For more information, visit https://
actu.epfl.ch.
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Toe-To-Toe, The Competitors
Can’t Stand Up To Steute!
Your medical professional customers work in an industry where they can’t afford to settle for anything but the
best in wireless foot switch technology. For example, battery life; our products run without a change needed
for as long as an incredible 1 to 2 years! Do you want to risk selling them a foot switch that shuts off prematurely
in the middle of a critical procedure? The same goes for our superior robustness and security as well as all the
UVTKPIGPVTGIWNCVQT[CRRTQXCNUVGUVKPICPFEGTVKƂECVKQPUYGOGGVCPFOQTGVJCPUCVKUH[
Ask your current supplier to answer the tough questions about the performance of their products in these key
categories. Then ask Steute, the proven world leader in wireless foot switch technology, for more information
or a free sample today, before your customers ask you to do it tomorrow!

www.steutemeditech.com/worldclasswireless

Direct Contact: Maurizio Lauria, Brand Manager
203.244.6302/maurizio.lauria@steuteusa.com
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Collaboration:
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Laser Welding
‘Clear-on-Clear’ Plastics
Supplement to Medical Design Briefs

Cov

ToC

FEATURES

ON THE COVER

4a Digital DHRs: Automating the Last Mile of the Production
Process

Marubeni Citizen-Cincom Inc. (MCC) has opened
a new technical center in Agawam, MA. The technical center is designed to provide a showroom
for MCC’s to demonstrate equipment, including
ones equipped with the company’s Laser System
L2000. In addition to machines permanently on
display, the facility will also be used to perform
customer test cutting and complete process
development requirements. To learn more about
the center, see the article on page 18a.

8a Collaboration: A Powerful, Effective Strategy for Medtech
Companies Moving to Embrace Industry 4.0 and Drive Digital
Transformation
12a Laser Welding ‘Clear-on-Clear’ Plastics for Medical
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Citizen’s popular L20
Swiss-type lathe
available in 3 models –
Type VIII, X & XII

L20
Ranging from a 5-axis
machine with excellent cost
performance to a high-end
machine equipped with
B axis and back spindle
Y axis. The modular design
allows you to optimize your
manufacturing by combining
functions to achieve the ideal
machine configuration.
• Removable guide
bushing for efficient
machining of both long
and short workpieces
• Spindle through-hole
diameter: 26mm
• Maximum machining
diameter: 20mm
(25mm option)
• Back tool post rotary unit
• B-axis for front-back
machining (Type XII)
• Front rotary tool unit
(Type X, XII)
• Y2 axis (Type X, XII)
• Position adjustable
operation panel
• LFV – Avoid spiraling chips
with Citizen’s Low
Frequency Vibration
Function (option)

EXPERIENCE THE DIFFERENCE

Allendale, NJ
(201) 818-0100

Elk Grove Village, IL
(847) 364-9060

Fountain Valley, CA
(714) 434-6224

www.marucit.com
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(413) 786-6655
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Arthur G. Russell Co.
750 Clark Ave.
Bristol, CT 06010
Phone: 860-583-4109
Fax: 860-583-0686
E-mail: AGR@ARTHURGRUSSELL.COM
www.arthurgrussell.com

Company Description

Products/Services Offered

The medical device manufacturing environment is becoming
more challenging, requiring higher volumes, faster throughput,
and more precision than ever before. To address these challenges, medical manufacturers are looking to automation to
increase production as they maintain quality and lower costs.
An innovator in automated assembly systems, The Arthur G.
Russell Co., Inc. (AGR) identifies the most appropriate platform
and technologies to solve these complex assembly automation
problems for the medical device industry. Complete systems
can include adhesive application/curing, welding, high-speed
inspection, labeling, and filling. AGR can also provide the integration required for turnkey systems. Headquartered in Bristol,
Connecticut, The Arthur G. Russell Co. is an ISO 9001:2015 registered private company with over 70 years of experience
designing, building, installing, and supporting world-class
assembly, test, inspection, and packaging systems.

Knowing that quality and dependability are as important on
the assembly line as in the final product — that’s why we work
with you from the start. In addition to custom designing a system that will exceed your expectations and be flexible enough
to grow with you as your product demands change, we can provide “proof-of-principle,” which helps develop key processes for
automation.
AGR offers the best approach for the application. Complete
systems include adhesive application and curing, ultrasonic and
spin welding, high-speed inspection, labeling, and filling, all
while providing the integration required for a turnkey system.
Providing more than just assembly equipment, we provide
you with the edge you need to stay competitive in your market.

Target Markets
Medical device disposables

www.arthurgrussell.com

Free Info at http://info.hotims.com/76501-760
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Many companies have invested
in core manufacturing systems
such as an MES, MRP, or ERP digital
systems. A digital DHR solution
complements these core systems by
removing paper from the last mile of
production, preventing bad data from being
entered at the source, and enabling productive
connections between manufacturers’ systems
and people.

Digital DHRs:
Automating the Last Mile of the
T

he smart factory has been a top
manufacturing initiative for years as
shop floors continue to become digital, automated, and intelligent. Today,
companies are investing heavily in smart
manufacturing, intelligent automation,
and advanced robotics. A 2019 report
from PricewaterhouseCoopers and the
Manufacturing Institute found that 73
percent of manufacturers planned to
increase their investment in smart factory
technology over the next year.1
Even as Industry 4.0 and its underlying
technologies increase in various areas of
manufacturing, many manufacturers still
struggle to digitize the “last mile” of their
factory floor, where operators typically still
use paper-based device history records
(DHRs), or production records. No matter
what other investments in plant digitization have been made — enterprise
resource planning (ERP), manufacturing

execution systems (MES), material requirements planning (MRP), learning management systems (LMS), the list goes on — the
investments are too often impeded by critical processes such as DHR execution and
review that remain manual, disconnected,
and often paper-based activities.
Paper may seem like a cost-effective
option for managing DHRs, but even a
small amount of it on the factory floor carries high costs associated with quality
alone. For manufacturers, risks of relying
on paper-based processes in a data-driven
world include disconnected and inefficient DHR processes, inaccurate information on the DHRs, poor data tracking
throughout the production life cycle, preventable quality issues and costly delays. In
a survey of senior executives from medical
device, contract manufacturing, and pharmaceutical companies, Accenture found
that quality testing and batch release
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accounts for upwards of 70 percent of
manufacturing lead time mainly due to
manual processes, disconnected instruments, and nonstandard paper-based documentation and control procedures.2
Simply put, paper on the last mile of
production — FDA 21 CFR Part 820
review and product release — remains a
barrier even for manufacturers making
strides in their digital transformation
efforts. When people on the production
line are left to rely on paper, line workers
and quality teams are forced to rely on
inefficient processes, outdated tools, and
inadequate data. With just one missing
link in the technology chain, that smart
factory future can feel far removed from
day-to-day operations.
Digital technology can help manufacturers bridge the paper gap between
quality and manufacturing to improve
operational efficiencies and product
Medical Manufacturing & Machining, March 2020

Template Management

Data Entry In-line
Quality Events

Review By Exception

Right First Time

Production Process
quality during the last mile of production
(see Figure 1).

How a Digital DHR System Can
Bridge the Production/Quality Gap
While many medical device manufacturers have already implemented Industry
4.0 or digital transformation initiatives,
they continue to rely on a variety of paperbased or disconnected information systems to monitor, collect and aggregate
data surrounding production and quality
processes. Poor synchronization between
these disconnected data sources severely
limits the throughput between manufacturing, quality and other critical business
areas, which tends to impede physical
operations. As a result, these manufacturers struggle to connect their machines,
enterprise systems and the data produced
by these entities to access actionable performance insights.

To capture the data and insights needed to optimize production, reduce deviations and corrective/preventive actions
(CAPAs), improve right-first-time (RFT)
metrics, and accelerate product release,
manufacturers must integrate their
DHR processes with their ERP, MES,
LMS, and other manufacturing systems
for a more complete view of the data
within their business.
With a paperless DHR system, medical device organizations can create
productive connections between systems, processes, and people throughout the entire manufacturing organization for a holistic view of data. Machine
operators can input data directly into
tablets or computers on the shop floor
and pull information directly from an
ERP system. They can link standard
operating procedures (SOPs) and work
instructions to DHR phases, launch

Medical Manufacturing & Machining, March 2020
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Paperless Production
Fig. 1 – Manufacturers can configure a DHR system
to match their current forms with the familiar look
of paper and easily manage templates. During production, data is captured in real time with dataintegrity checks to ensure complete and correct
entries or to address in-line quality events. In this
digital environment, review cycles are dramatically
reduced with review by exception, allowing manufacturers to speed time to market.

deviations, CAPAs, and other quality
processes directly from the DHR for
constant visibility, automatically launch
and enforce training on the production
line, and ensure equipment compliance in real time.
By integrating critical manufacturing
applications such as ERP, MES, MRP,
and others with a digital DHR solution,
manufacturers can leverage their data in
ways that a paper-based, disconnected
system won’t allow:
• Collect data. Easily configure the type,
timing and frequency of data to be collected, eliminate errors in data input
and transfer, and ensure data integrity
as data moves between systems.
• Connect data sources. Integrate the
DHR process with other systems, seamlessly share data between those systems
in real-time, and consolidate bill of
materials data in a single system.
5a

Digital DHRs

By connecting users across the shop floor and eliminating manual data management, a digital DHR solution has shown to increase shop floor productivity
so manufacturers can focus on their product rather than on their paperwork.

• Contextualize data. Guide operators
and enforce limits, thresholds, and
training with integrated, data-driven
prompts, and gain real-time visibility
into production lines, batches or lots.
Collecting, connecting, and contextualizing data needed by both quality and manufacturing teams helps address shared
processes like document revisions, GMPs,
training, testing/sampling, and review and
release. By fully integrating production
and quality digitally, manufacturers gain
the actionable performance insights necessary to improve processes and mitigate
errors of manual, paper-based DHRs.

How a Truly Paperless Last Mile
Can Improve Operations
Considering the dynamic nature of a factory floor and the number of people who
need to collaborate and share information,
replacing paper-based records with digital
records has the potential to fundamentally
transform operations in three key ways.
Easily Manage Templates. By digitizing
their production record processes, manufacturers can configure the DHR system
to their needs. A digital system allows
them to easily build and accurately maintain digital master record templates,
which virtually mimic paper-based
records, with tools to capture many different data types, perform calculations and
time capture, enable configurable limits
and controls, and easily include attach-

ments. For example, if a manufacturer’s
processes need to be performed for a certain duration (e.g., at least 1.5 hours),
digital tools can automatically record
“time in” and “time out” to confirm the
processes were performed for the
required amount of time.
The digital output will be visible in real
time with the familiar look of paper
records. Templates and global elements
can fully automate change management.
Altogether, a paperless DHR process can
reduce time spent building templates
from months to days. According to one
life science company’s initial forecast,
digital production records will result in
30 percent employee efficiency gains
while scaling manufacturing.
Enter Data Completely and Correctly.
The data-input errors common with manual, paper-based DHRs — incorrect, illegible, or missing entries — can have a ripple effect as data advances through the
production process and create data
integrity issues across the organization.
Bad data on the DHR leads to deviations
and delays so the organization must focus
on quality control efforts and expenditures rather than value-added activities.
A digital DHR system lets users securely
collaborate on DHR processes, with parallel and sequential processing and FDAcompliant e-signatures. Line workers can
easily capture all entries in real time so the
data is immediately available for reporting,
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and automatic data-integrity checks will
ensure the data is entered completely and
correctly. This means manufacturers can
error-proof data input, digitally authenticate users, and automate review/traceability of changes on the record.
According to Corona, CA.-based contract manufacturer Wellington Foods,
digital production records have facilitated a more than 90 percent reduction in
data input errors and data integrity issues
on the shop floor. Better data has driven
fewer deviations and shorter documentation review cycles.
Review DHRs By Exception. Where a
digital solution can help manufacturers
most is in quality review of the DHR,
where it can significantly reduce traditionally long review cycles and lead time from
batch/lot completion to product release.
With a paperless solution, there is no manual, page-by-page searching for information. Rather than review the entire record
for deviations, a manufacturer only has to
review a subsection. There is concurrent
quality review and production, as well as
the ability to review and release remotely,
to enforce quality controls without slowing
production. Data-entry errors are corrected in real-time during production rather
than after, e-signatures are always captured, dates and times are always correct,
and training is always current.
According to EpiBone, a Brooklynbased regenerative medicine company, a
Medical Manufacturing & Machining, March 2020

digital DHR solution’s review-byexception functionality allows the company to close out a production record in 30
minutes, compared with the two weeks it
previously took to sign off on paper
records. Whereas making revisions could
take a month or longer on a paper-based
system, now it takes about a week.

Digital DHRs: Paperless, ErrorProof, and Connected
As Industry 4.0 drives manufacturers
toward digitization and data exchange in
manufacturing processes, digital transformation on the factory floor is already
reshaping how production processes and
records are managed. By connecting
users across the shop floor and eliminating manual data management, leveraging
a digital DHR solution has shown to
increase shop floor productivity so manufacturers can focus on their product
rather than on their paperwork.
On average, life sciences manufacturers
that have gone fully paperless on the shop
floor with a digital production record system have seen a 90 percent decrease in
data input errors, a 21 percent reduction
in total deviations, and a 75 percent
reduction in post-production review.
Of course, digital transformation isn’t
as simple as buying and implementing
new software, and a digital DHR system
isn’t a silver bullet. An automated DHR
solution extends rather than replaces
existing data systems, such as MES, MRP,
or ERP. What a digital DHR solution
does for manufacturers that these systems can’t is to remove the remaining
paper from the last mile of production,
prevent bad data from being entered at
the source, and enable productive connections between manufacturers’ systems and people. The cumulative effect
is that manufacturers can ship products
faster with full confidence in quality.

Increase Throughput Without
Compromising Quality
Emerson’s BransonTM GSX Series ultrasonic
welders deliver precise, repeatable plastic joining,
transforming ever smaller, lighter, and more
capable components into high-performance
medical devices. Its advanced electromechanical
actuation system provides welder-to-welder
repeatability measured in microns for zero
production rejects and maximum throughput,
while industry-leading data collection ensures
product quality, traceability, and regulatory
compliance.
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Collaboration:
A Powerful, Effective Strategy for
Medtech Companies Moving to Embrace
Industry 4.0 and Drive Digital Transformation

T

he digital revolution under way in
medtech manufacturing will continue to transform the industry into a
more connected, efficient, and agile
ecosystem. However, the challenge for
many companies is to plot the best way to
embrace various existing and new technologies and move toward smarter manufacturing — their version of the “factory
of the future.” Every company is at a different stage of digital transformation.
Some companies are wholeheartedly
piloting, integrating, and scaling disrup-

tive technologies within their operations
in a bid to realize greater supply chain
and internal operational benefits. Others
are at a different place in their digital
journey, identifying incremental opportunity areas where they can demonstrate initial impact and justify further investment.
With digital disruption considered not
an if but a when for medtech manufacturing, companies recognize the need to
seek optimal strategies for moving toward
this brave new world. It is not a straightforward task to get the most out of the
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next level of connectedness and digitization within a factory enabled by AI,
automation, robotics/cobots, visualization, additive manufacturing, and other
technologies. Simply layering on new
technologies alone is inadequate given
the enormous complexity and cost of
doing so. A better choice is taking a holistic approach that considers not just integrating systems and technologies, but
also making smart decisions that take into
account human factors. Companies must
consider upskilling and retraining staff,
Medical Manufacturing & Machining, March 2020

The single-use training facility at
Ireland’s National Institute for
Bioprocessing Research and Training
(NIBRT). NIBRT is a global center of
excellence for training and research
in bioprocessing. NIBRT is located in
a new, world-class facility in Dublin,
Ireland. This facility is purpose built
to closely replicate a modern bioprocessing plant with state of the art
equipment.

ensuring the future supply of tech workers and staying ahead of issues like cybersecurity. This is all done with a view to creating tighter bonds with stakeholders
such as suppliers, specialists, researchers,
and even other medtech firms.

Collaboration Is Key
Collaborative convergence between
companies, academia, and supportive government programs can drive business
growth and fuel the medtech factory of
the future. A concept seen in Europe’s
medtech sector is clustering, in which stakeholders are linking up in new, mutually
beneficial ways. They can accelerate development and lower costs by jointly tapping
into programs, institutions, and funding.
These companies also can access advanced
technologies and expertise like cybersecurity, blockchain, artificial intelligence (AI),
etc. — all of which are key Industry 4.0
enablers of digital transformation.

In Europe, one can find truly vibrant
networks of multinational and domestic
medtech companies that are closely connected and supported by engaged proactive industry groups and associations.
Besides sharing resources and engaging
around mutual challenges and opportunities, such clustering can facilitate industry awareness of best-in-class practices to
drive business forward.
Deepening ties to existing resources like
research organizations, training centers,
and government programs is an important
part of developing an effective cluster. In
fact, partnering in general can help
medtech companies enormously when it
comes to digitization, such as alliances
with firms outside medtech that are leading in key areas such as industrial automation, systems integration, AI, machine
learning, big data, cybersecurity, and others. The technological convergence that is
redefining many industries is notable in
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medtech; creating linkages with companies that have demonstrated expertise in
applying and integrating these technologies provides a lower risk and quicker path
to moving forward.

Exploiting Overseas Clusters
A natural by-product of globalization
and exponential levels of connectivity has
been the establishment of overseas operations by U.S. medtech firms where they
can tap into existing clusters and new
sources of talent and expertise. For example, 9 of the top 10 U.S. technology companies as well as 14 of the top 15 global
medtech companies have operations in
Ireland, where they benefit from an
ecosystem that includes an experienced
talent pool with a solid regulatory track
record, a highly connected sub-supply
base, and industry-focused research centers. Ireland also offers attractive R&D
funding opportunities, such as the 25 per9a

Industry 4.0 and Digital Transformation

Stryker’s Anngrove facility houses its AMagine Institute, which develops additive manufacturing products. Stryker opened an additive manufacturing-focused global technology center in 2017.

cent R&D Tax Credit and the €500 million Disruptive Technologies Innovation
Fund. Local and multi-national medtech
companies are eligible for this funding,
which encourages collaboration in new
technology areas that will create products
and solutions with commercial impact.
Examples of this are collaborative projects
in AI for cancer cell detection with IBM,
the Royal College of Surgeons in Ireland,
and a pathology startup Deciphex, as well
as a project in smart wearables with
Analog Devices, Henkel, Sanmina, and
the Tyndall National Institute. This fund
is one example among multiple sources of
R&D financial support available in the EU
that U.S. companies can exploit through
their overseas subsidiaries.
One of the lures for U.S. medtech companies considering an overseas operation is
the abundance of government-funded centers with expertise available to any company, foreign or domestic, doing business
there. Such centers are plentiful in
Europe. For example, Science Foundation
Ireland (SFI), Ireland’s agency for fundamental research, has launched two new
research centers focused on Industry 4.0.
In partnership with industry, the CONFIRM research center located near the
University of Limerick performs cuttingedge research on smart manufacturing
with a focus on wireless factories, digital
twins, and predictive maintenance. The
iForm Research Center is dedicated to
advancing research in additive technologies. Another industry-led technology center, the Irish Manufacturing Research
Center, has extensive experience working
with companies in automation and
advanced control, design for (additive)
manufacturing, and sustainable manufacturing. These and many other centers are

enabling and supporting rapidly growing
levels of convergence between technology
and life science companies.
Complementing these research and
technology centers and offering help to
companies that want to focus on the practical adoption, deployment, and training
on smart manufacturing technologies,
IDA Ireland is leading on the launch of a
National Advanced Manufacturing
Centre (AMC). The AMC will provide a
world-class collaborative environment
focused on the acceleration of core technologies to digitize Ireland’s discrete
manufacturing base and supply chain
partners. Having the AMC in place will
ensure that Ireland’s connected manufacturing ecosystem is served by national
resources that span from fundamental
research through to applied technology
deployment — at scale.
Ireland has a solid track record of
investing in national infrastructure to
drive industry collaboration and upskilling in key industries and sectors. All
of the top 10 global pharma companies
have significant manufacturing operations in Ireland. The state-supported
National Institute for Bioprocessing
Research and Training (NIBRT) has
become a global center of excellence for
training and research in bioprocessing,
helping Ireland to build its position as a
leading destination for global biotech
companies. The AMC is intended to do
the same for advanced manufacturing,
particularly in the discrete space.

U.S. Medtech Companies
Benefiting from Clustering
In a global marketplace, establishing
overseas operations is nothing new for
many U.S. medtech companies. However,
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several global medtech leaders have particularly embraced collaboration and clustering to drive forward in their industry.
DePuy Synthes and Stryker have been recognized internationally for their adoption
and application of Industry 4.0 technologies at their key strategic sites in Ireland.
DePuy Synthes’ Irish site was recently
ranked by the World Economic Forum as
one of nine global lighthouses in its use
of IoT technologies. The company has
invested €36 million through its Ireland
Innovation Centre to advance materials
science in 3D printing. Stryker also has
been particularly active in advancing new
technologies and innovation. It’s a global
leader in 3D printed titanium implants
and operates the largest additive manufacturing plant of its type in the world in
Cork, Ireland.

Clustering Helps Give Access to
More Technologies
To be most effective, a medtech cluster
— be it domestic or overseas — should
include companies and research organizations focused on moving toward Industry
4.0. For example, as AI becomes ubiquitous across many technologies, it is making
its way into many aspects of the factory of
the future. Linking with AI experts,
researchers, and academic institutions
delivers obvious benefits to medtech sector. Besides giving new capabilities to
robotics, AI is essential in analyzing factory
data and performing predictive analytics.
The payoffs are clear: AI predicts and
reveals the locations of real and potential
problems within manufacturing processes
and equipment, saving vital time and
resources in complex, demanding manufacturing environments.
Investment and work in AI is increasing
rapidly worldwide, creating more sources
than ever that can be tapped for a
medtech cluster. One report stated that
this effort is particularly active in Europe
and Asia, and thus companies seeking to
boost their utilization of the latest AI technology should analyze the locations of
sources that can help achieve their goals.1
Europe, in particular, has been aggressively moving forward, with one example
being the European Lab for Learning and
Intelligent Systems (Ellis), a proposed AI
institute with centers in various countries.2
Europe’s AI centers are plentiful, often
operating in partnership with top technical universities. In fact, Europe has the
largest share of the top 100 AI research
institutions worldwide.3 Within Europe,
Ireland has the highest number of EurAI
Medical Manufacturing & Machining, March 2020

Fellows per capita, delivering broad and
deep expertise to industry.
Many countries have set up research
centers dedicated to pursuing a wide variety of advanced technologies. However,
for medtech companies looking for collaborative opportunities, the most effective
research centers will be those with a focus
on industry participation and programs
aimed at commercial deployment. For
example, SFI has funded two fundamental
research centers focused on big data and
analytics — Insight and ADAPT. Insight is
one of the largest big data and data analytics research centers in Europe, and
ADAPT concentrates on helping companies transform diverse content and data
into meaningful insights. CeADAR is
Ireland’s National Center for Applied
Data Analytics and AI. Its mission is to link
applied research with real-world solutions,
offering strengths in areas such as predictive analytics, machine learning, blockchain, and other subjects of interest in
advanced medical manufacturing. Together, this ecosystem of fundamental and
applied research centers offers tremendous resources to a vibrant industry base.

The People Factor
The potential displacement of people
with automation, robots, and/or AI
should be broached sensitively within any
discussion of digitization and Industry
4.0. However, the human element of the
manufacturing industry is an essential
consideration when plotting a path to the
factory of the future. Many workers will
benefit from technology taking on high
volume, repetitive tasks previously done
by humans, freeing them up to concentrate on work that is higher value, knowledge intensive and, in many cases, far
more interesting. To achieve this balance,
it’s imperative that upskilling and retraining is part of a cohesive effort to move to
a smarter factory model.
The change in skills required from
workers is another important issue.
While lower-skilled work is becoming
less prevalent as the industry embraces
new technology, these more complex
technologies create a larger need for
technically proficient, “digitally enabled”
workers who can operate tomorrow’s factory. Already in short supply domestically across all industries, these technical
professionals will be essential to keep
pace with new technologies and software, systems, and process engineering
required in a digital world. This is
another area where collaboration can

Buildings 1 and 2 at DePuy Synthes in Ringaskiddy, Co. Cork.

make a significant difference.
Creating ties to appropriate academic
institutions — whether domestically or
abroad — is a great option for medtech
companies, especially with firms actively
engaged in designing focused training
programs in consort with these organizations. Such efforts are well under way in
Europe, where some U.S. medtech companies have chosen to locate operations in
areas with large labor pools of skilled tech
talent and join forces with local institutions to create post-graduate training.
Aligning with industry needs, three AIrelated masters programs were created at
the University of Limerick through a collaboration between a government-funded
program, industry, and academia. In addition, Cork Institute of Technology is now
the home for Cyber Ireland, a cross
industry-academic-government initiative
to drive skills development and collaboration in this important space.

nature of the factory of the future means
that the digital journey won’t ever be
completed — new technologies will continue to emerge, evolve, and mature. But
operating in open, agile business environments that embrace innovation, collaboration, and upskilling will allow companies to adopt the latest technologies as
they come on stream.

Conclusion
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Engaging with clusters and fellow collaborators is a solid option when on the
path toward more digital transformation
and Industry 4.0. This means developing
strong ties among other companies, government, research centers, and academic
institutions at home or abroad — wherever it can best be accomplished. The
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LASER WELDING
‘Clear-on-Clear’
Plastics for

Medical
Applications
By applying a solvent-based laser absorber to
the mating surface of one part, Emerson’s
patented Simultaneous Through-Transmission
Infrared (STTIr®) laser welding technology
can now join clear-on-clear parts with exceptional aesthetic and functional results.
(Credit: Emerson)

T

hrough a new process, it is now
possible to laser-weld two optically
clear plastic parts made of a wide
range of polymer materials for medical
applications. This innovation combines
patented Branson Simultaneous ThroughTransmission Infrared® (STTIr®) laser
welding technology from Emerson with
precision ultrasonic spray deposition
technology from Sono-Tek to open up
new design possibilities for the makers
of medical devices, drug-delivery systems, and in-vitro testing products.
This breakthrough eliminates a
design constraint associated with laserwelded medical products, namely, the
requirement that they be made from
one clear or transmissive plastic part
and a second dark or absorptive plastic
part. However, the new process overcomes this limitation by precision-
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treating one of the clear mating parts
with a biocompatible laser-absorber
prior to laser welding. The absorber is
comprised of microparticles of pigment
dye or carbon black that are suspended
in a carrier fluid such as isopropyl alcohol or acetone.
There are several methods for applying laser absorbers: master batching
within the resin prior to molding; pad
printing; or for the most precision, the
absorber can be applied using Sono-Tek
ultrasonic spray-deposition equipment.
A specially designed precision ultrasonic
atomizer deposits laser-absorbing dye on
the surface of one of the mating parts,
creating a spray pattern width as small as
0.5 mm. When deposited using an optimal ultrasonic frequency and spray pattern, the carrier fluid essentially flashes
off, leaving a precise pattern of laserMedical Manufacturing & Machining, March 2020

absorbing particles, 1 μm or smaller in
size, on the surface of the thermoplastic.
During the welding process, laser energy
is absorbed by these particles and consumes them, releasing heat energy that
conducts through the weld zone of the
mating parts which are then bonded
together under compressive force.
According to Anita Ennest, regional
sales manager for Sono-Tek, the ultrasonic spray-deposition systems “are designed
to deposit minute quantities of pigment
dye, measured in microliters, with coating
thicknesses that are evaluated in the hundreds of nanometers on the surface of the
coated parts.” She adds that the equipment used to apply the laser-absorbing
suspension is modeled on earlier equipment developed to deposit ultra-thin,
ultra-precise coatings on medical stents.
Ennest adds that the laser-absorbing
suspension essential to the success of the
new plastic welding process found its
roots in light-absorbing coatings originally developed for use on photovoltaic
cells but is formulated with a biocompatible solvent and pigment dye combination. Developing the right combinations
involved an iterative process that
required the technology partners to
transition the coating, deposition, and
weld processes from absorbent to transmissive materials, then transmissive to
fully transparent materials.
Another challenge facing the process
was the need to dispense and deposit the
laser-absorbing dye into precisely the
right location on the joint of an injection molded part. Typical targets include
the interior surface of a tongue-andgroove joint, or the interior surface of a
“double V” joint on one of the mating
parts (see Figure 1). Precisely depositing
the absorber within enclosed joints like
these not only focus the laser-generated
heat needed to produce the part-to-part
melt, but also create a flash-trap that
contains the treated area of the melt, isolating it from any nearby microfluidic
flow paths in the welded part.
As Sono-Tek perfected the means of
applying the laser-absorber, Hugh
McNair, manager, laser applications and
systems for Emerson Automation, led
the effort to perfect the spray-enabled
laser welding process. He explains, “This
new clear-on-clear plastic laser welding
technology can reliably produce complex fluid paths while maintaining superior aspect ratios in the submillimeter
flow path pitch.” Such a degree of precision is essential for microfluidic parts,

which must be reliably bonded, yet
maintain consistent dimensions along
extremely small flow paths.
McNair adds that due to the precision
of the spray deposition process, there is a

1mm

reduced need to precisely image the laser
energy, since clear-on-clear welding only
occurs where the laser-absorbing dye has
been deposited. Additionally, when a
tongue-and-grove joint, or a similar joint

5mm

.381mm

.762mm
.965mm

1mm
Fluid Path

.381mm

.762mm

.965mm

0.5mm laser absorber dye
0.1mm biocompatible laser absorber
and flash containment zone.
Fig. 1 – Tongue-and-groove laser joint example showing the biocompatible laser absorber and flash containment zone. (Credit: Emerson)

Two clear mating parts can now be laser welded using an innovative new welding process that can reliably produce complex fluid paths while maintaining superior aspect ratios. (Credit: Emerson)
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LASER WELDING
design, is employed within the mating
parts, the joint can be used to properly
align the entire assembly prior to welding.
And, as noted, the area containing the finished weld can be completely isolated
from the functional microfluidic path in
the completed assembly — a must for
medical device applications.

New Technology Combines with
Many Existing Laser-Weld
Processes
Because this new “clear-on-clear” laser
welding capability relies on equipment
outside the standard STTIr laser-welding
process — the biocompatible laser
absorber and ultrasonic spray deposition
equipment — it can be “bolted on” to
many existing laser-welding applications.
Then, once implemented, it delivers
cycle times measured in seconds, making
industrial-scale laser welding of medicalquality clear-on-clear microfluidic parts
economically viable for the first time.
And, since the spray deposition process
can be adapted to process multiple parts
at once, both the spray-deposition and
welding processes can be further scaled
up to accelerate production throughputs.

The Branson GLX Micro laser welder from
Emerson is the smallest of five units in the GLX
Series. The welding unit (left) features a color
touchscreen HMI, a lift table measuring 150 ¥ 150
mm, and clamp forces up to 0.05 kN, making it an
excellent choice for welding microfluidic parts
used in medical applications. The unit at right
contains the welder’s laser source and power
supply. (Credit: Emerson)

The new process also allows for a far
greater range of clear thermoplastics
to be combined, regardless of chemistry. Because the laser-absorbing pigment dye so efficiently generates and
conducts heat and melt, its use can
compensate for even larger differences
in the glass transition temperature

1

st

(Tg) of different polymers used in mating parts.
A typical example of the process
involves the use of two clear plastic
coupons — injection-molded parts that,
together, mate to form a serpentine flow
path like those found in in vitro diagnostic systems, human drug-delivery systems,
or implantable medical devices. The
coupons that will become the absorptive
half of each assembly are placed into the
Sono-Tek spray deposition equipment to
deposit the laser absorber.
From there, the parts are transferred
to a laser welder, where the result is a
clear-on-clear, laser-welded part. For
medical or IVD devices that demand
optically clear flow paths, the technology
is invaluable, simplifying everything from
automated blood cell counts in capillarysized fluid paths, to providing visual validation to a technician that a micro-dose
of a powerful therapy is being properly
administered to a patient.
This article was written by Tom Hoover, Sr.
Medical Business Development Manager –
Americas, Assembly Technologies at Emerson,
St. Louis, MO. For more information, visit
http://info.hotims.com/76501-402.
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Researchers Develop Ultra-Thin, Ultra-Flexible Electronic Material
Nanothin flexible touchscreens could be printed like newspaper.
RMIT University, Melbourne, Australia

R

esearchers have developed
standard conductive glass. To
an ultra-thin, ultra-flexible
make it more electronically conelectronic material that
ductive, you just add more layers.
could be printed and rolled out
It’s a pioneering approach that
like newspaper. The material
cracks a challenge that was considcould be used for the touchered unsolvable, Daeneke says.
screens of the future. The touch“There’s no other way of makresponsive technology is 100 times
ing this fully flexible, conductive
thinner than existing touchscreen
and transparent material aside
materials and so pliable it can be
from our new liquid metal
rolled up like a tube.
method,” he says. “It was impossiTo create the new conductive
ble up to now — people just
sheet, an RMIT University-led
assumed that it couldn’t be done.”
team used a thin film common in
Patent Pending: Bringing
mobile phone touchscreens and
shrunk it from 3D to 2D, using liq- The ultra-thin and ultra-flexible electronic material could be printed the Tech to Market
and rolled out like newspaper for the touchscreens of the future.
The research team have now
uid metal chemistry.
used the new material to create a
The nanothin sheets are readily
Thick and Thin: How to Turn an
working touchscreen, as a proof-ofcompatible with existing electronic techOld Material New
concept, and have applied for a patent
nologies and because of their incredible
To create the new type of atomicallyfor the technology. The material could
flexibility, could potentially be manufacthin indium-tin oxide (ITO), the
also be used in many other optoelectured through roll-to-roll (R2R) processresearchers used a liquid metal printing
tronic applications, such as LEDs and
ing just like a newspaper.
approach. An indium-tin alloy is heated
touch displays, as well as potentially in
The research, with collaborators from
to 200 °C, where it becomes liquid, and
future solar cells and smart windows.
UNSW, Monash University, and the
“We’re excited to be at the stage
then rolled over a surface to print off
ARC Centre of Excellence in Future
now where we can explore commernano-thin sheets of indium tin oxide.
Low-Energy Electronics Technologies
cial collaboration opportunities and
These 2D nanothin sheets have the
(FLEET), was published in the journal
work with the relevant industries to
same chemical makeup as standard
Nature Electronics.1
Lead researcher Dr. Torben Daeneke
bring this technology to market,”
ITO but a different crystal structure,
says most mobile phone touchscreens
Daeneke says.
giving them exciting new mechanical
The researchers acknowledge the
were made of a transparent material,
and optical properties.
support of the RMIT Microscopy and
indium-tin oxide, that was very conductive
As well as being fully flexible, the new
Microanalysis Facility (RMMF) and
but also very brittle.
type of ITO absorbs just 0.7 percent of
MicroNano Research Facility (MNRF),
“We’ve taken an old material and translight, compared with the 5–10 percent of
the National Computational Infrastructure
formed it from the inside to create a new
National Facility, the Pawsey Superversion that’s supremely thin and flexible,”
computer Centre and the Melbourne
says Daeneke, an Australian Research
Centre for Nanofabrication (MCN) in
Council DECRA Fellow at RMIT.
the Victorian Node of the Australian
“You can bend it, you can twist it, and
National Fabrication Facility (ANFF).
you could make it far more cheaply and
efficiently than the slow and expensive
Reference
way that we currently manufacture touch1. R. Datta et al., “Flexible two-dimensional
screens. Turning it two-dimensional also
indium tin oxide fabricated using a liquid
makes it more transparent, so it lets
metal printing technique,” Nature
Electronics (DOI: 10.1038/s41928-019-0353through more light,” he says. “This means
8).
a mobile phone with a touchscreen made
This article was written by Gosia
of our material would use less power,
Kaszubska, RMIT University. For more inforextending the battery life by roughly 10
Researchers Dr. Robi Datta, Dr. Torben Daeneke,
mation, visit https://www.rmit.edu.au/.
percent.”
and Dr. Nitu Syed.
Medical Manufacturing & Machining, March 2020
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Ultrasound Helps Make 3D Printed Alloys Stronger
Researchers have used sound vibrations to shake metal alloy grains into tighter formation
during 3D printing.
RMIT University, Melbourne, Australia

A

Carmelo Todaro and Ma Qian inspect a 3D printed titanium alloy cube on the tip of an ultrasound rod.
(Credit: RMIT University)

1 mm

1 mm

3D printed titanium alloys under an electron microscope: sample on the left with large, elongated crystals was printed conventionally, while sample on the right with finer, shorter crystals was printed sitting
on a ultrasonic generator. (Credit: RMIT University)

“Although we used a titanium alloy
and a nickel-based superalloy, we
expect that the method can be applicable to other commercial metals, such
as stainless steels, aluminum alloys and
cobalt alloys,” Qian says. “We anticipate this technique can be scaled up to
enable 3D printing of most industrially
relevant metal alloys for higherperformance structural parts or structurally graded alloys.”
This article was written by Michael
Quin, RMIT University. For more information, visit https://www.rmit.edu.au.
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new study shows that highfrequency sound waves can
have a significant impact on the
inner micro-structure of 3D printed
alloys, making them more consistent
and stronger than those printed conventionally.
Lead author and PhD candidate
from RMIT University’s School of
Engineering, Carmelo Todaro, says the
promising results could inspire new
forms of additive manufacturing.
“If you look at the microscopic structure of 3D printed alloys, they’re often
made up of large and elongated crystals,” Todaro explains.
“This can make them less acceptable
for engineering applications due to
their lower mechanical performance
and increased tendency to crack during printing,” he says. “But the microscopic structure of the alloys we
applied ultrasound to during printing
looked markedly different. The alloy
crystals were very fine and fully
equiaxed, meaning they had formed
equally in all directions throughout
the entire printed metal part.”
Testing showed these parts were also
stronger: they had a 12 percent
improvement in tensile strength and
yield stress compared with those made
through conventional additive manufacturing.
The team demonstrated their ultrasound approach using two major commercial grade alloys: a titanium alloy
commonly used for aircraft parts and
biomechanical implants, known as Ti6Al-4V, and a nickel-based superalloy
often used in marine and petroleum
industries called Inconel 625.
By simply switching the ultrasonic
generator on and off during printing,
the team also showed how specific
parts of a 3D printed object can be
made with different microscopic structures and compositions, useful for
what’s known as functional grading.
Study co-author and project supervisor, RMIT’s Distinguished Professor
Ma Qian, says he hoped their promising results would spark interest in specially designed ultrasound devices for
metal 3D printing.

Ultrasound off

Ultrasound on

Ultrasound off

Visualization of grain structure in 3D printed
Inconel 625 achieved by turning the ultrasound
on and off during printing. (Credit: RMIT)
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Hybrid Technique Aims to Produce Stronger, Corrosion-Resistant Nickel
In the process, a high-yield electrodeposition is applied on certain conductive substrates.
Purdue University, Lafayette, IN
tech devices and vehicles with strong
corrosion-resistant protection.
The Purdue technique involves a
process where high-yield electrodeposition is applied on certain conductive
substrates. The Purdue team’s work is
published in the December 2019 edition of Nanoscale.
Strong and corrosion-resistant Nickel coating
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ickel is a widely used metal in the
manufacturing industry for both
industrial and advanced material
processes. Now, Purdue University innovators have created a hybrid technique
to fabricate a new form of nickel that
may help the future production of lifesaving medical devices, as well as high-
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Purdue University innovators have created a hybrid technique to fabricate a new form of nickel. (Credit:
Purdue University)

One of the biggest challenges for manufacturers with nickel is dealing with the
places within the metals where the crystalline grains intersect, which are known
as the boundary areas. These conventional grain boundaries can strengthen metals
for high-strength demand.
However, they often act as stress concentrators, and they are vulnerable sites for
electron scattering and corrosion attack.
As a result, conventional boundaries often
decrease ductility, corrosion resistance,
and electrical conductivity.
Another specific type of boundary,
much less common in metals such as
nickel due to its high-stacking fault
energy, is called a twin boundary. The
unique nickel in a single-crystal-like
form contains high-density ultrafine
twin structure but few conventional
grain boundaries.
This particular nickel has been shown
by the Purdue researchers to promote
strength and ductility and improve cor-
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rosion resistance. Those properties are
important for manufacturers across several industries.
“We developed a hybrid technique to
create nickel coatings with twin boundaries that are strong and corrosion-resistant,” says Xinghang Zhang, a professor of
materials engineering in Purdue’s College
of Engineering. “We want our work to
inspire others to invent new materials with
fresh minds.”
The solution of the researchers at
Purdue is to use a single crystal substrate as
a growth template in conjunction with a
designed electrochemical recipe to promote the formation of twin boundaries
and inhibit the formation of conventional
grain boundaries. The high-density twin
boundaries contribute a high mechanical
strength exceeding 2 GPa, a low corrosion
current density of 6.91 × 10−8 A cm−2, and
high polarization resistance of 516 kΩ.
“Our technology enables the manufacturing of nanotwinned nickel coat-

ings with high-density twin boundaries
and few conventional grain boundaries, which leads to superb mechanical and electrical properties and high
corrosive resistance, suggesting good
durability for applications at extreme
environments,” says Qiang Li, a
research fellow in materials engineering and member of the research team.
“Template and specific electrochemical recipes suggest new paths for
boundary engineering and the hybrid
technique can be potentially adopted
for large-scale industrial productions.”
Potential applications for this Purdue
technology also include the semiconductor and automotive industries, which
require metallic materials with advanced
electric and mechanical properties for
manufacturing. The nanotwinned nickel can be applied as corrosion-resistant
coatings.
The new nickel hybrid technique can
be potentially integrated to the micro-

electromechanical system industry after
careful engineering designs. MEMS
medical devices are used in critical care
departments and other hospital areas to
monitor patients.
The relevant pressure sensors and
other functional small-scale components
in MEMS require the use of materials with
superior mechanical and structural stability and chemical reliability.
The team worked with the Purdue
Research Foundation Office of Technology Commercialization to patent
the technology. They are looking for
partners. The research has been funded by the Department of Energy’s Basic
Energy Science program. The Purdue
team worked with scientists from
Sandia National Laboratories on the
technology.
This article was written by Chris Adam,
Purdue University. For more information on
licensing and other opportunities, contact D.H.R.
Sarma from OTC at dhrsarma@prf.org.

Marubeni Citizen-Cincom Opens New Technical Center
The facility will be used to perform customer test cutting and complete process
development requirements.
Marubeni Citizen-Cincom, Allendale, NJ

M

arubeni Citizen-Cincom Inc.
(MCC) has opened a new technical center in Agawam, MA. The
company is holding a ribbon cutting and
grand opening celebration March 9. An
open house will follow to introduce the
company’s new L12 Type X and the new
12 mm laser cutting and welding machine.
A variety of Cincom sliding headstock and
Miyano fixed headstock lathes will be on
display as well. The event will also include
technical seminars presented by Sandvik,
Esprit, and Gen Swiss.
The technical center is designed to provide a showroom for MCC’s to demonstrate equipment, including ones
equipped with the company’s Laser
System L2000. In addition to machines
permanently on display, the facility will
also be used to perform customer test cutting and complete process development
requirements.
According to the company, its CINCOM
L12 is a state-of-the-art Swiss CNC automatic lathe manufactured by Citizen Machinery Co. The user-friendly editing function, which utilizes multi-line multi-axes
programming, along with superimposed
and synchronized control, make setting

The L12 Type X and the new 12 mm laser cutting and
welding machine. (Credit: Marubeni Citizen-Cincom)

up the most complex jobs easy. The L12
also has a detachable guide bushing that
allows for effective machining of both long
and short workpieces. In addition, the new
Type X features a modular tooling system
and a Y2 axis on the back spindle, which
expands the range of usable tools.
The new 12 mm laser-cutting and welding machine employs the MCC L2000
laser system. The L2000 is completely
interfaced to the L12 control with the cutting path and offsets fully managed and
edited in the control. According to the
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The new 12 mm laser-cutting and welding
machine employs the MCC L2000 laser system.
(Credit: Marubeni Citizen-Cincom)

company, this allows for program control
of all laser settings, adjustments, shapes,
and machining functions from a single
program.
MCC is headquartered in Allendale, NJ,
with additional sales-service offices in
California, Massachusetts, and Illinois.
The Massachusetts facility also houses
MCC’s research and development.
For more information, visit http://info.
hotims.com/76501-403.
Medical Manufacturing & Machining, March 2020

