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elcome to the second
edition of the Institute of
Biomaterials and Biomedical

Engineering (IBBME) magazine.

The people in the Institute are the major
drivers of our success. Our trainees
continue to succeed in their endeav-
ors even after finishing their study at
IBBME. In this issue we featured six of
our alumni in two different companies.
Although their roles are different from
one another, they leveraged the skillset
gained during their studies in IBBME to

further their career.

Aside from academic excellence,
our students are also multi-talented
outside of their research lab. This year
we started a feature called "Faces
of Biomedical Engineering” that
captured the student life in Biomedical
Engineering at the University of
Toronto. In the future years we hope
to grow this feature to the faculty and
staff members as well.

Our student body had experienced
tremendous growth last year. With
more than 140 graduate students
entering the Institute, there is a broad
interest in the field of Biomedical
Engineering.

Finally, we highlighted some of the
research activities within the Institute.
The research developments and discov-
eries are innovative and state-of-the
art. These articles illustrate the excel-
lent research done by our trainees and
professors.

I hope you enjoy this volume and we
look forward to another exciting year
ahead!

Warren C.W. Chan

Professor and Director

Institute of Biomaterials and Biomedical Engineering (IBBME) | 5
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Dr. Jan Andrysek and his lab offers

solutions for amputees to walk again.

hen Dr. Jan Andrysek was a master’s student
at Holland Bloorview Hospital in 1998, he

was already working alongside rehabilitation

engineers and clinicians to develop solutions to help

kids walk.

“There were a lot of gaps in terms of prosthetic tech-
nology that, particularly kids, which make a bit of a
niche group”, says Jan, “My project at the time was
to design a pediatric prosthetic knee joint. At the time
prosthetics were not durable enough for kids, and they
didn’t provide the function that was needed. We didn't
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get to a solution at the end of my masters, but
| did get an understanding of what worked and
what didn’t work.”

Fast forward 21 years, Jan’s research proj-
ect has already developed a niche within
the prosthetic rehabilitation community.
While running his research lab at the Holland
Bloorview Children’s Rehabilitation Hospital,
Jan patented this knee joint technology
and brought it to market via LegWorks, a
Canadian company co-founded by Jan in
2014. Under the brand
name of All-Terrain
Knee, more than 2,000
units were sold across
40 countries over
the past several years.
“What distinguishes our
device from others on
the market is its dura-
bility, cost effectiveness,
and functionality. MaRS
Innovation, Holland
Bloorview Hospital, and Grand Challenges

Canada have all been investors in the past.”

In Canada, the cost of an entire prosthetic
leg would range from $5,000 to $10,000
for low end, and up to $100,000 for devices
with heavy digital components. For the knee
component, it would cost around $5,000
alone. While clients in developed countries are
generally reimbursed via insurance for these
prosthetic devices, the accessibility of these
devices in developing countries is stymied by
the cost.

Institute of Biomaterials and Biomedical Engineering (IBBME)

We are in the business
of helping people, and if

existing prosthetic devices

audience, we are doing
something terribly wrong,

“80% of the world do not have access to
prosthetic technology,” says Jan, “We are in
the business of helping people, and if exist-
ing prosthetic devices are not reaching a wide
audience, we are doing something terribly
wrong.” In Tazania, Kenya, Cambodia and
a dozen other low-income countries, the
All-Terrain Knee is sold at cost — the price
of production - to ensure its affordability.
Alternatively, people in developed countries
are paying a higher price for a premium version
of these knee joints. This “Tier-pricing system”
allows the company to
serve both low-income
markets while sustainably
providing a reliable prod-
uct for clients in Canada
and United States.

are not reaching a wide

“Instead of costing
$5,000, we want to
bring that down to 1/10
of the market price,” says
Jan, “Right now we are
working with non-government organizations
to ensure that people in developing countries
have access to this technology, but also being
able to receive support if necessary.”

The knee joint utilizes a novel locking technol -
ogy, to improve safety and minimize falls, while
encouraging good walking patterns. Many
patients who require these prosthetic devices
are individuals who had suffered a previous
injury or ailment that requires amputation, or
congenital deficiencies at birth.



M One of the All-Terrain

Knee prototypes in Dr. Jan
AndryseK's lab.
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M Sensors are attached
to the shoe to measure
various gait parameters.

¥ Microcontroller device
that sends biofeedback
signals to the leg.
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The life-style requirement for these pros-
thetic devices also differ between countries.
In Canada, a gap in the market would be to use
prosthetic devices for recreational uses such as
sports. Whereas in developing countries, the
All-Terrain Knee is often the primary means
by which a person is able to conduct their daily
activities, such as working or going to school. In
both contexts, the durability and functionality
of the knee are essential to ensure that the
user can conduct their necessary activities, in
a safe and efficient manner.

The technology itself operates without
mechanical parts, meaning, there is no circuitry
that interfaces with the mechanical movement
of the knee and the biological parts of the leg.
The lack of circuitry means these devices can
be used in moisture dense and dirt rich envi-
ronments without compromising its function.
The knee joint locking mechanism is based on
advanced biomechanics and works between
two states. When pressure is applied on the
device, the mechanical parts lock in place to
ensure stability. While the patient is swinging
the leg, the device engages the second state
as the mechanical part releases to enable free-
dom of movement.

While one part of Jan’s work is in product
development, his lab is focused on under-
standing how humans move while they are
working. The principles from these studies can
then drive the design considerations for mobil-
ity assistive devices such as prosthetic knees.

“We are focused on understanding the biome-
chanical principles of movement, during
walking and other higher end mobility activ-
ities. We are developing sensors that can
attach to the knee and measure data like how
much pressure is applied, wear and tear, and
other crucial biometric information about the

device and the human body,” says Jan, “if we
can understand how each person walks and
their mobility requirements, we can design
and personalize a device that’s useful to them.”

A major issue with prosthetic usage is that the
amputee patients are not habituated in using
the prosthetic devices. Whereas healthy indi-
vidual would have symmetrical gait between
the two legs, an amputee would spend consid-
erably more time on the healthy leg over the
other. The lack of gait symmetry could lead to
other health problems such as back-injuries.

“An important aspect after lower-limb
amputation is to inform and correct asym-
metrical gait patterns of prosthetic users.”
says Rafael Escamilla Nunez, a PhD student
in the Andrysek Lab, “To address this prob-
lem, we developed a biofeedback device that
measures various temporal gait parameters on
each leg. This information is processed by a
microcontroller attached to the waist, which
has embedded the control algorithms to acti-
vate the vibrating motors. For instance, if the
person is spending asymmetrical time on one
of the legs, our device vibrates and tells the
person to correct their gait. It’s basically a
rehabilitation device that helps people to walk

properly.”

Another issue is that some patients are also
not confident with their usage of prosthetic
devices.

“One of the patients we worked with initially
had very little confidence in walking,” says
Alexandria Michelini, a Masters student in the
Andrysek Lab, “After a couple of rehabilita-
tion sessions, she mentioned that she felt more
confident and even started walking around the
house a lot more. It feels great that our devices
are making a difference in people’s lives.”  m

Institute of Biomaterials and Biomedical Engineering (IBBME)
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Dr. Hai-Ling Margaret Cheng is developing cell and tissue scaffold tracking

contrast agents to visualize their movement in the body.

issue regeneration has tremendous

potential to heal damaged tissues and

regrow lost limbs. In the past two decades,
researchers have proposed transplanting stem
cells or non-cellular scaffolds into the injury
site to facilitate tissue regeneration. Stem cells
can differentiate into specialized cell types in
the body, and the non-cellular components
provide growth factors and other nutrients that
facilitate tissue regrowth.

It is relatively easy to observe tissue regen-
eration on the skin; however, regeneration of
internal organs is more difficult to visualize.
Currently, no technology exists that allow
researchers or clinicians to monitor non-in-
vasively the tissue regeneration process deep
inside the human body.

1

“It is a tremendous challenge to monitor
whether these therapies are working. As a
patient, the last thing you want is to have these
cells implanted and then have a highly invasive
surgery a couple of months down the line to
check whether the cells are still there,” says Dr.
Hai-Ling Margaret Cheng, an IBBME/ECE
principal investigator at the Ted Rogers Centre
for Heart Research, “We want to ensure that
the patient monitoring process is as painless
as possible, and one way to do that is to use
non-invasive imaging to track the cells and
non-cellular components we introduce into

the body.”

One of the many projects in Dr. Hai-Ling
Margaret Cheng’s lab is to develop trackers
that identify the location of these exogenous

nstitute of Biomaterials and Biomedical Engineering (IBBME)




Institute of Biomaterials and Biomedical Engineering (IBBME) | 15



components. Coming from a background in medi-
cal biophysics and electrical engineering, Dr. Cheng
has spent more than 14 years developing tech-
nologies that can enhance Magnetic Resonance

Imaging (MRD of the human body.

Prior to MRI session, patients may need to intake
a contrast agent to improve detection sensitivity
and greater signal difference on MRI. If we directly
incorporate these contrast agents to the stem cells
or non-cellular scaffolds, contrast agents can act
like miniature trackers in addition to enhancing
contrast. In other words, they act as a long-term
surrogate in the body.

Safety is a foremost concern when it comes to
designing contrast agents. While normal contrast
agents last in the body for only a few hours before
being excreted, contrast agents designed to moni-
tor regenerative medicine components might stay
in the body up to a few months. During that time,
researchers have to evaluate their interactions with
various organs such as the kidney, the blood, and
the liver.

“Traditional contrast agents are completely foreign

to the body, and we've seen them accumulate in
the bone and the brain, leading to toxic effects. So

16 |

in the context of regenerative medicine we have
to design everything from scratch,” says Daniel
A. Szulc, a senior member in the Cheng lab who
specializes in MRI contrast agent design, “These
agents will be traveling through the blood stream,
bypassing certain organs and getting into the cells.
There’s a design consideration for each step of the

”»

way.
Although the focus of this research is on regen-

erative medicine applications, it could also have
potential in cosmetic purposes.

“When people get breast implants, they certainly
do not want them to be moving around too much,
let alone degrade in their body. Our contrast agents
could be incorporated in these implants so individ-
uals with these cosmetic surgeries could have their
checkups with a non-invasive method like MRI,”
says Margaret.

“We are planning to bring our tracking technologies
into the clinic in the next five years,” says Margaret.
“I think it will be a game changer for everyone who's
involved in tissue regeneration and regenerative
medicine.” [ ]

Institute of Biomaterials and Biomedical Engineering (IBBME)



€ Dr. Hai-Ling Margaret Cheng is
an IBBME/ECE faculty member
at the Ted Rogers Centre for Heart
Research.

Yy .

A Daniel Szulc is one of ¥ Organic synthesis
the senior member in Dr. procedure for one of the

Chengss lab. contrast agents used in the

Cheng lab.
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Researchers in Dr. Warren Chan's
lab are constructing a roadmap for
chemotherapeutics to navigate the
chaotic environment to reach the
targeted tumour.

magine being dropped off at the edge of an urban

city with crisscrossing streets and no navigational

instructions. The roads often run into dead-ends
and are full of pot-holes, the network reception is
non-existent, and the buildings arent numbered. If
you want to get from the edge of the city into the
downtown core, the only logical way is to map out
your own route.

nstitute of Biomaterials and Biomedical Engineering IBBME) | 19



Image of a human ovarian
tumour biopsy, green are
endothelial tight junctions
between the blood vessels,
red are cell nuclei, and blue
are fenestrae between the.
blood vessels. (Image cour-
tesy of Benjamin Kingston)




Analogous to a nightmarish urban sprawl,
architecture of the tumour microenvironment

is equally difficult to navigate. The roads are
replaced by blood vessels, and landmarks are
replaced by various types of cells and non-cel-
lular components. If you want to deliver drugs
to the right places in the tumour, the chaotic
nature of the tumour architecture is the road-
block. If no clear guides or instructions are
provided, the drugs will not reach the targeted
cells, therefore greatly reducing their efficacy.
Worse, they could end up in healthy organs in
the body, causing unintended side effects for
the host. Ultimately, creating a cartographical
map of the tumour is the first step in creating
the ‘[raveler’s Guide to a Tumour’ for anti-can-
cer drugs.

In the last 4 years, researchers in Dr. Warren
Chan’s lab have been developing three-di-
mensional (3D) imaging tools that map out
cellular and sub-cellular events in various
organs. Using the tumour as a model system,
researchers have been able to obtain biometric
data of various types of cells and their locations

within the tumour. Part of this seminal work
was recently published in the Proceedings of
the National Academy of Sciences (PNAS),
an internationally renowned peer-reviewed
Jjournal.

“One of the biggest problems with drug carri-
ers is that they are not going to where we'd
want them to go,” says Dr. Warren Chan,
Distinguished Professor and the correspond-
ing author on this research. “Our goal is to
design nano-sized carriers that can deliver
drugs to cancer. In order to do this we need
figure out the intricate anatomy of the tumour
microenvironment.”

What makes cancer so deadly is its metastatic
nature. During cancer progression, cells from
the primary tumour (the site in which the orig-
inal tumour takes place) can travel through
the blood stream and populate distal sites,
and secondary organs in the body. From that
point, it starts to expand its own colony by
generating a tumour in a new location in the
body. This process of dissemination, known

Institute of Biomaterials and Biomedical Engineering IBBME) | 21
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€ The tumour microenvi-
ronment is like a chaotic city
centre, and resolving the
tumour topography would
allow scientists to design
better drugs that targets

the various compartments.

(lllustration by Najila Kay)

as metastasis, is the major contributor to
cancer related-deaths.

“Scientists often struggle with treating
metastatic cancers because they can be
hard to detect and can travel to unpre-
dictable sites in the body,” says Benjamin
Kingston, a 4th year PhD researcher in
Dr. Warren Chan’s lab and the lead author
on this research. “If you could eliminate
them while they're still just a small clus-
ter of cells, you could prevent them from
growing into larger and debilitating meta-
static tumours. But first we need to map
out their physiological makeup. There are
some fundamental differences between
primary tumours and metastatic tumours,
and we do not fully understand them.”

Whereas the majority of the land-ter-
rain on earth has been mapped out, the
understanding of the tumour architecture

is still rudimentary. The main reason for this

nstitute of Biomaterials and Biomedical Engineering IBBME) | 23



discrepancy is the lack of consistency
in tumours. Not only are two tumours
from the same patient different from
one another, tumours between various
patients can also greatly differ from one
another. With such a wide spread set of
information, one would need a person-
alized treatment regimen for each case.

“We are utilizing 3D imaging technology
and image analysis to resolve biometric
data in the tumour microenvironment.”
says Benjamin. Since the start of his
PhD, Benjamin has been gathering
physiological data such as the size of the
metastases, its surface area, how spher-
ical it is, how many cells are inside it, how
far all these cells are from blood vessels,
etc. This data was then used to train a
mathematical model to figure out how
changes in the biology of the tumour will
affect the trajectory of the drug-carrying
vehicle.

With an increasing complex set of data

gathered on various tumour physiological
parameters, it is difficult to formulate a
predictive model based on one or two
metrics alone. The researchers combined
machine learning algorithms with large
biomedical data to create a ‘rule-set’ to
better predict how drugs will behave in
the body, specifically in different tumour
microenvironments.

“This is where machine learning really
shines, because it offers a set of tools for
you to start looking at huge numbers of
variables.” says Benjamin. “The computer
doesn't care how many variables there are
or how much a variable has changed. It
Jjust plots out a model in a non-biased
way, and it can do that much faster than
any human being can. Over the course
of our studies we have imaged over 1,300
individual metastatic sites with our 3D
imaging platform in order to generate
this predictive model. There’s no way |
can do this by myself without some sort
of automation.” [ ]

24 | Institute of Biomaterials and Biomedical Engineering IBBME)

M Researchers on the
PNAS publication. From
left to right: Jessica Ngai
, Dr. Shrey Sindhwani, Dr.
Abdullah Syed.

< Gold nanoparticles was
used in the study to tease
out the topography of the
tumour microenvironment.
This is a top-down view of a
flask of nanoparticles used
in the study.
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IBBME alumni are developing an
intraoperative imaging device for high
precision surgical procedures.

he term “Surgical Precision” is used to describe

the finesse and the highly accurate nature in

which a surgeon can cut diseased tissue from
healthy tissue. This precision depends as much on
the skill of the surgeon, as it does on the information
they have about the tissue, to inform their surgical
decision-making process. As is the case for most
medical conditions, it is critical to remove and/or treat
diseased tissue to prevent its spread into surrounding
healthy tissue. In a disease like cancer, the complete
removal of the tumour in some cases is the critical
step in ensuring that relapse does not occur. But how
do you know for certain that all the diseased tissue
has been removed?

Institute of Biomaterials and Biomedical Engineering (IBBME) | 27



Co-founded in 2013 by Liz Munro
(IBBMEOT9), Perimeter Medical
Imaging’s mission is to provide better
tools for cancer surgeons. They special -
ize in building real-time, high resolution
imaging devices which provide sub-sur-
face images of tissue that can be used
by surgeons for intra-operative tissue
assessment.

“Surgeons are usually working with
images collected preoperatively — that
is, before the surgery, as well as their own
visual inspection and palpation of a piece
of tissue once it has been excised. They
have limited real-time tissue assessment
tools to make more informed decisions
during the operation.” says Liz.

The gold standard for tissue assessment is
post-operative pathology. In this process,
an excised tissue specimen is fixed in
formalin, embedded in paraffin, and
sliced thinly to produce histology slides
which can be viewed with a microscope,
often leveraging dyes to highlight differ-

ent cellular structures. A pathologist

examines the slides and writes a pathol-
ogy report outlining their findings. In
the case of cancer removal surgeries, if
cancer cells are reported as being close
to or at the surface of the excised tissue
specimen, additional intervention such as
a second surgery may be recommended
to the patient.

“Postoperative pathology will always be
the diagnostic step for excised tissue,”
explains Liz, “the challenge is that it takes
a significant amount of time — from half-
a-day to a full week, to receive the results
of this detailed analysis. With a limited
number of intraoperative, tissue assess-
ment techniques available to surgeons, a
reduction in second surgeries has been
a challenge. We aim to give surgeons
additional information at the time of
surgery, which we hope will inform their
real-time decision making, allowing them
to achieve better results and reduce
the need for patients to come back for
second surgeries.”

Perimeter’s first product - the OTIS™

28 | |Institute of Biomaterials and Biomedical Engineering IBBME)
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tissue imaging system — has received United
States Food and Drug Administration (FDA)
clearance and the company is preparing for
a sales launch in 2020. The OTIS™, is an
imaging tool which provides high-resolution,
real-time imaging of the margin of an excised
tissue specimen, enabling clinicians to visualize
sub-surface structures up to 2 mm below the
surface, while maintaining the integrity of the
specimen for post-operative pathology. This is
a crucial data set that is currently unavailable
to surgeons in real-time.

“You can think of OTIS™ like a photocopier for
excised tissue,” says Liz, “but it allows the user
to see just inside the specimen. The imaging
technique we use is called Optical Coherence
Tomography, which is analogous to ultrasound,
but uses light instead of sound to produce
much higher resolution subsurface images. The
product has come a long way since we started
the company. We received FDA clearance on
an earlier generation of the device in 2016, and
just recently (at the start of 2019) received
another FDA clearance for an updated model
that is 10x faster than the original and includes
a novel specimen positioning system. I'm very
lucky to work with a team of talented and
highly motivated individuals in making this
happen.”

After finishing her undergraduate studies
at McGill in physics, Liz Munro pursued her
Masters of Applied Sciences (MASc) degree
in biomedical engineering with Dr. Ofer Levi,
graduating in 2009. After an initial stint work-
ing with Ontario Centre of Excellence (OCE)

on technology innovation projects, Liz started

working with a local Toronto startup, Tornado
Medical Systems. A project which had been
incubated and researched by Tornado was
spun out into a new company - Perimeter
Medical Imaging, in 2013, and Liz was part of

the founding team.

Since then, the company has grown from the
original four founders to over 20 people, and
has raised more than $21 million from private
investors and government agencies.

“l remember when | started at Tornado, |
was surprised by how complex their medical
device quality management system was.” says
Liz. “There were an incredible number of stan-
dard operating procedures to learn as part of
onboarding, and it was not something that |
had been exposed to in the past.”

Adherence to quality standards is a criti-
cal aspect of working at a medical device
company. Every job function, from administra-
tion to engineering to sales must comply with
applicable regulatory requirements to ensure
that the medical device they design, develop
and eventually manufacture, is safe, effective

and can be legally sold.

“It has been a huge advantage of hiring staff out
of the IBBME MEng (Masters of Engineering)
program, as the curriculum includes an intro-
duction to regulatory requirements and quality
management systems. We've found that indi-
viduals coming out of this program tend to “get
it” and are quick to learn the ropes of working in
a medical device development environment.”

Institute of Biomaterials and Biomedical Engineering (IBBME
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From MEng to Industry

[ llen Turner (IBBME1T7) and Nicole
—— Gauer (IBBME1T7) are two of the
IBBME MEng students who have
joined Perimeter Medical Imaging after
their 4-month internship in 2017.

What do you do in the

company?

Ellen: My title is Clinical Engineering and
Applications Specialist. | work with the
clinical applications team by directly inter-
acting with doctors to train them on how to
use our device. | then take their feedback
to the engineering team to recommend
features and functionality which could
improve the device from a clinical perspec-
tive. So | have my feet in both worlds.

Nicole: My title is Software Developer
which means | work on the software
running on the devices - everything
ranging from user interface to controlling
the hardware. For instance, one thing I'm
working on is the ability to transmit images
from our device in the operating room to
the radiology suite, so that a surgeon can
consult a radiologist on image interpreta-
tion. That being said, we wear multiple hats
in a start up environment.

A Ellen Turner (MEng,
IBBMETT7)
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You mentioned wearing
multiple hats, what does
that mean?

Ellen: By gaining exposure to areas of the
company outside of your specific role, you
really start to see how all the roles within
the company play into each other and also
identify where the focus of the company
lies. It gives me perspective on how the
whole company runs as a unit.

Nicole: For instance, while my primary
focus is software development, | have
been in charge of writing verification and
validation protocols that wouldn't neces-
sarily fall within the realm of software, and
have acted as support for devices at clin-
ical sites. | think having exposure to these
things is invaluable to me.

How did the MEng program
prepare you for the job?

Ellen: There’s the internship component
where we spent 4 months at the company.
There are also extremely useful courses
that touch on the regulatory aspect. |
remember mentioning this course during
the job interview, and the interviewer visi-
bly perked up and got interested. There’s
a lot of industry lingo that we got to learn
that really put us miles ahead.

Nicole: I'll have to agree with Ellen, the
BME 1800/1801 courses were great first
introductions to medical device devel-
opment. They introduced the sort of
documents and regulations you'd need to
look at in order to reach commercializa-
tion. Even just learning about 1SO 13485
and the different FDA and regulatory
terminology is a great stepping-stone for
getting into industry. [ ]

A Nicole Gauer (MEng,
IBBMETT7)

Institute of Biomaterials and Biomedical Engineering (IBBME)
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Sarah Sarabadani, Michael Li, and Marija Cotic worked in different
Biomedical Engineering labs at the University of Toronto. Now they have
all converged at Klick Health, a rapidly growing healthcare marketing and
commercialization agency, headquartered in Toronto. We sat down to
talk about their day-to-day activities and how they were able to leverage
their skills to transition into non-traditional healthcare roles.
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What research area did you
pursue in your graduate
education?

Sarah: | was in Dr. Azadeh Kushki’s lab
between 2014 - 2016. We were study-
ing how children with autism often have
trouble expressing emotions, and tried
to use alternative physiological metrics
to gauge what they are feeling. Some of
the parameters we measured were heart
rate, respiration rate, body temperature,
and electrical signals from the skin while
they were exposed to various imageries.
Using machine learning algorithms, we
successfully showed there are patterns
in physiological signals in various affective
states.

Michael: | did my Masters with Dr.
Babak Taati. We looked at Parkinson’s

disease and tried to figure out whether

Institute of Biomaterials and Biom
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we could use computer vision to auto-
mate some of the tests traditionally
used by doctors to assess the severity of
Parkinson's symptoms, specifically invol-
untary movements. In current practice,
a neurologist would ask a person with
Parkinson's to perform a series of tasks
designed to show symptoms. These tasks
would be rated by the neurologist to
provide a disease severity score. The goal
of our assessment was to give doctors
more objective and frequent informa-
tion, so that they could more accurately
modify treatment regimens.

Marija: | finished my PhD in 2014 and
| was co-supervised by neurologist Dr.
Peter Carlen and engineer Dr. Berj
Bardakjian. My work primarily focused on
the study of epilepsy, and we were tasked
with creating signal processing tools to
localize where seizures start in the brains
of patients with epilepsy.

edical Engineering (IBBME)
8 8

€ Sarah
Sarabadani
(MASc,
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2> Michael
Li (MASc,
IBBME1T7)

How did graduate school
prepare you for the transition
into industry?

Sarah: In graduate school, | had to do a lot
of MATLAB, and moving into industry made
me aware that a lot of companies require an
understanding of Python. So | started learn-
ing Python from multiple online sources and
evolved from there. Having that self-starter
mentality from graduate school really helped.

Michael: When | joined Klick Health, one of
the projects the company was working on was
their SymPulse™ Tele-Empathy Device that
allows physicians and caregivers to experience
tremors from a Parkinson’s patient. | happened
to have worked on Parkinson’s during my
Master’s thesis. Having that specialized knowl-
edge was something that helped me get a foot
in the door. The other valuable skillset was the
ability to take a large amount of information

Institute of Biomaterials and Biomedical Engineering (IBBME)

that's nebulous and synthesize it in a struc-
tured fashion. While I've been fortunate that
the technical knowledge gained in graduate
school has been transferrable, it's really been
the research method and attention to detail
that have been most useful to me at Klick.

Marija: Coming from a science background
really prepared me to work with scientific
and medical content, which is a critical part
of my role. A lot of our clients are pharma-
ceutical companies and part of my team’s
role is to ensure the accuracy of all scientific
and medical messaging. In graduate school,
my focus was on the brain, but now | oversee
work on multiple disease states. The ability to
quickly and efficiently convey the science of
various therapeutic areas and treatments is a
reflection of my PhD education, where | was
constantly evaluating, reviewing, and summa-
rizing information. | think ultimately, graduate
school teaches you how to solve problems
in unclear situations and that set me up for
success.
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What is a cool project that

you have worked on?

Sarah: | recently represented Klick at a
conference to speak about some innovative
research from our team. We were studying
social media platforms, like Twitter, trying
to detect adverse drug reactions based
on what people were saying. Getting the
right context out of people’s tweets can
be a challenge, due to the non-formal
languages, slang, and non-structured text
they often use. We had to use text analysis
and machine learning to figure out who was
talking about an adverse reaction to a drug.
The other challenge was the context of the
tweet. For example, if someone said, “| took
Advil because | had a headache”, the algo-
rithm needed to understand that headache
was not the side effect of Advil, it caused
the person to take Advil in the first place.

Michael: There are a few cases where

we showcased our in-house coding and
artificial intelligence (Al capabilities.

36 |

We participated in the Blood Glucose
Prediction challenge at a high-profile
Al conference last year in Sweden. The
organizers released a dataset from seven
anonymous individuals with Type One
Diabetes. The data included continuous
blood glucose levels, life event data such
as meals and sleep as well as biometrics like
heart rate. Our goal was to see if we could
use this information to predict changes in
a person's blood glucose level 30 minutes
in advance, which would allow for proac-
tive interventions to prevent hypo- or

hyperglycemia.

Marija: Some of the most interesting
projects I've worked on are mobile apps
and Virtual Reality experiences for both
patients and doctors. One of the mobile
apps we created helps doctors quickly
calculate non-standard doses for their
patients and is also able to generate
personalized calendars to help patients
keep track of their medication throughout
their treatment.
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What are you working on?

Sarah: | mainly study marketing activi-
ties aimed at each of our client’s various
stakeholders like physicians. In doing so,
we can ensure we optimize our content,
and physicians are aware of drugs that are
relevant to their prescriptions. We want to
understand what physicians care about in
their decision making.

Michael: We are trying to better under-
stand how digital tools can be integrated
with current practices to improve quality
of care for patients and are encouraged
by how in the United States, the FDA
is becoming more open to clinical trials
using some form of digital biomarker as a
secondary outcome measure for diseases.
Right now, we are seeing increased inter-
est in digital therapeutics, where the
treatment is administered through apps
and online platforms, either standalone or
as an adjunct to traditional therapies. As
these new technologies enter the market,

it’s essential to understand how different
customer segments perceive these treat-
ments and find the most efficient means
to get them to the people who need them
the most. We're constantly working to stay
ahead of the curve and understand how the
pharmaceutical field is evolving.

Marija: As a Science & Regulatory
Director, | work daily with my team and the
extended team on healthcare marketing
campaigns across multiple portfolios and
clients. | travel to meet with our clients’
Medical, Legal and Regulatory teams.
In terms of specific activities, our team
ensures the editorial integrity and quality
assurance of the materials we create for
our clients. Often, we collaborate with our
Medical Strategy team on content creation
and strategic workshops for our clients. m

For more information on joining Klick Health and
being part of its ongoing success, double-digit
growth, and award-winning culture, go to http://
careers.klick.com.
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VY HON & QIN (BILL) DA

We sat down with several Biomedical
Engineering graduate students and
talked about what motivates them
outside of their labs.
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Jennifer | PhD | Zandstra Lab

On social media there is an increasing number
of scientists who are being vocal about their
passions, successes, and struggles, which
makes the scientist figure more accessible
and relatable. Hopefully this will build trust
between the scientific community and those
outside of it. | like to use art as a medium to

reach out to a broader audience.
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My favourite brushes are these two tiny ones
because I like doing a lot of detailed work. |
am not the most patient person, but | can
spend hours upon hours refining one piece of
artwork, fully immersed in a flow state.
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Shrey | MD & PhD | Chan Lab

The guitar allows me to tune out what | do
in the lab and focus on using a different part
of my brain. | like the creative process, and
the guitar gives me a different platform to
embrace that.

I grew up in India, so | play a lot of Hindi songs.

Recently |'ve been playing some songs by Eric
Clapton. I really like their melodies.
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It took me two months to play my first song.
Initially it was a struggle, but when | finally
put everything together, there was this aha'
moment. It made me think: this is what it

sounds like? That's when the song really comes
alive.
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lleana | PhD | McGuigan Lab

Growing up, doing outreach has always been
a big part of my life. | feel lucky to come to
Canada from the Phillipines and got a good
education in engineering. Not all the kids have
the same opportunity, and | feel like | need to
be the person to show them what's possible.
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It doesn't matter whether I'm teaching a grade
7 or 11 student, | have to break down the scien-
tific concepts, so they are more digestable to
my audience. That has really helped me in
communicating my research during my PhD.
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Jose | PhD | McGuigan Lab

I've been playing bass for 15 years now, but

mostly as a hobby.

We started a band with a couple of people
from BioZone, and we rehearse every couple
of weeks. The name of the band hasn't been
decided yet, but since we practice on Front
Street, the name will probably have the word
'Front'in it.
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We haven't written any songs about the
PhD process yet, but | suppose it's a matter
of time.

We do a little bit of heavy metal, progres-
sive metal, and conceptual rock. So far we
covered a couple of songs by Muse. But
now we're trying to write our own songs.
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Katy | PhD | Gilbert Lab

I'm part of the Triathlon Club at the University
of Toronto. We are always looking for more
members.

| did an half Ironman, which consists of 1.9km
swim, 90km bike, and 21km run. The whole

thing took me under 6 hours to complete.
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| ran the Scotiabank half marathon last year,
and | broke my finger in the first kilometre of
the run. | fell, got up, and realized my pinkie
was swollen. The pain didn't hit until | finished
the marathon, and | had to go to the hospital
afterwards.

All'l thought about during the marathon was
how hard | trained for this, and there's no way
I'd quit because of a broken finger.
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Kenny | MASc | Sone Lab

My brother was a competitive rower, and
that's how | got into varsity rowing.

The rowing community have some really nice
and supportive people. There's just a lot of
positive, high energy all around in the sport.
The fact that you need to push yourself - both
physically and mentally - makes the sport
really refreshing.
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In a typical race, it's 2,000 meters long, and

you're going down the course as fast as you
can, as hard as you can. When you are working
together as a team, it is a powerful feeling.

Every time you put in long distances, your
hands suffer. Every two weeks | get blisters,
followed by callus formation, then it falls off
and the whole process starts again. [ ]
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Life

HOW TO:
PRESENT

WORDS: PHOTO:
NETRA UNNIRAJESH QIN (BILL) DA

Netra Unni Rajesh is a fourth year engineering science student
with a specialization in Biomedical Engineering. During her
internship with Dr. Robert Langers lab at M.I.T,, she was invited
by the local TEDx conference to share her experience on how
Science, Technology, Engineering, Art, and Math (STEAM)
transformed her perspective as a researcher. The video has
since then been viewed more than 4,000 times. Here she
shares some tips on presentation and public speaking.
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Tip 1: Presentations were made
to be practiced

Although there is a negative connotation with
a presentation sounding too “rehearsed”,
it makes a big difference in delivery when a
presenter runs through their talk multiple times
with different audiences. Practice can help
calm those pre-performance jitters and can
serve as an opportunity to get useful feedback
that will iteratively improve a presentation.
Even practicing a talk in front of a mirror can
provide cues on physical gestures and expres-
sions, which contribute to the overall image of
a presenter.

Tip 2: Stay away from script-

ing - outline instead

A script can do more harm than benefit. For
one, it restricts a presenter’s flow, in the sense
that one is pressured to stick to the script.
Although it may seem like a script helps reduce
nerves, it can create breaks in the talk when a
speaker forgets a part of the script and must
scramble to get back on track. An outline, on
the other hand, serves to break down critical
ideas that should be communicated in a talk.
The guideline provides enough structure yet
affords flexibility for changes that occurin the
spur of the moment.

Tip 3: Be aware of audience
response

A presentation is ultimately for an audience,
with a purpose to share an idea with a larger
group. Many presenters focus on themselves
on stage and it can be very difficult to get
out of one’s head when they are doing all the
talking. Being aware of the audience’s reaction
to a talk can serve to motivate and gauge how
to continue the presentation. If a presenter
notices the audience losing interest, they may
choose to incorporate a comical anecdote or
an interesting fact. Looking to the crowd for
cues and making personal eye contact with
audience members can collectively improve
everyone’s experience.

Tip 4: Don’t be afraid to be

expressive and to emote

Humans are very responsive to emotion and
are great at telling when it is genuine and
when it is not. Being over expressive can come
across as artificial; however, genuine emotion
can capture the audience’s interest and allow
the presenter’s passion to come through.
Ultimately, this makes a talk more engaging
and motivates the audience to at least consider
the ideas being presented. The goal of a talk is
always to plant an idea in the audience’s mind,
and this becomes a rather arduous process
for the speaker and audience when it “doesn’t

come from the heart.” ]

- Netra on the TEDx
stage on January 19,
2019. Source: YouTube.
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Here we curated some outstanding
research image submissions by members
within our community.

GRAPHIC: ADOBE
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Biomaterial:s for better cancer
therapies ": e

YIHE WANG, KUMACHEVA EAB |
ALEXANDER BAKER, PHD, SHOICHET
LAB

Human luminal breast epithelial cancer cells
are grown as multi-cellular spheroids in a
microfluidics platform. Blue represents the
cell nucleus, green the cell cytoskeleton and
red the cell tight junctions, which is a hallmark
of 3D culture.
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Striving to repair spinal cord
damage

TOBIAS FUEHRMANN, POST
DOCTORAL FELLOW, SHOICHET LAB

Stem cells can be programmed to generate
specific cells types. Here cells are differen-
tiated into nerve cells (green) which extend
large processes, called axons. The nuclei of all
cells are blue.
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Neural activation of motor
nerves

SILVIU AGOTICI, YOO LAB &
MASANI LAB

The image shows the finite element (FE)
solution for the electric field (heat map)
and the current flow (arrows) resulting
from the simulation of transcutaneous
electrical stimulation (TES) ina 28 cm
section of the lower leg (just below the
knee to just above the ankle).

These simulation allow us to gain a deeper
understanding of the effects of transcu-
taneous electrical stimulation variables
such as electrode shape and positioning,
and stimulation magnitude on neural
activation.



Simulator for self-driving vehicles

SHABNAM HAGHZARE, KITE TORONTO
REHABILITATION INSTITUTE, MIHAILIDIS
LAB

At the Toronto Rehab's driving simulator
(DriverlLab) located at the Toronto Rehabilitation
Institute, we can look at the safety and accept-
ability among older adults with potential cognitive
impairments such as dementia.
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Microfluidic device for modeling

cancer metastasis

CHRISTINA MEI, KEVIN MIDDLETON, YOU
LAB

This is a microfluidic cancer extravasation tissue
platform that integrates stimulatory bone fluid

flow and real-time bi-directional signaling between
multiple cell populations, as to investigate the role
of osteocytes in the mechanical regulation of breast
cancer bone metastasis.

Institute of Biomat




HERO Gloves

AARON YURKEWICH, ILLY
KOZAK, ANDREI'VANOVIC,
MIHAILIDIS LAB

The HERO Glove assists stroke and
spinal cord injury survivors to extend their
hand and grasp with more force. The
HERO Glove enables people to perform
activities of daily living like opening water
bottles, cutting food and writing inde-
pendently at home.
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€Cancer cells on paper

(Left)

SIMON LATOUR, MCGUIGAN
LAB

The picture represent cancer
cells growing in a paper based 3D

environment.

¢ Skeletal muscles (Right)

BELLA XU, GILBERT LAB &
MCGUIGAN LAB

The mouse skeletal muscle stem cells
(green) associate with human skeletal
muscle fibres (red) 24 hours after
the incorporation of GFP muscle
stem cells in 3D human muscle tissue

(MEndR).

- Modeling the blood

vessels
YIH YANG CHEN, CHAN LAB

Human Umbilical Vein Endothelial
Cells (nuclei stained in blue) are
grown within a microfluidic channel
and subjected to flow shear in order
to align their actin fibres (green) in
the direction of flow. VE-Cadherin
protein expression (red) shows the
cell membranes are cross-linked to
each other, allowing all of the individ-
ual cells to resist being washed away.
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IBBM
SUMME
BARBEQU

M1 AJ [Tl

The IBBME annual barbeque is a tradition that
introduces new faculty members, graduate
students, and staff members to the Biomedical
Engineering community at the University of
Toronto.
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ANNUAL
RESEARCH
CONFERENCE

The IBBME Annual Research Conference
is a student-organized conference that
celebrates biomedical engineering research
and achievements by our student and faculty
members.
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Enrollment Trend

IBBME graduate student body has
been experiencing steady growth in
the past 5 years. At the beginning of
2019 academic year, the graduate body
experienced a 14% growth compared
to last year. The numbers shown were
the student numbers in September of

every year. The numbers were collected
on September 18, 2019.

Enrollment Breakdown

IBBME is one of the leading research
intensive units within Engineering.
Approximately 56% of its graduate
population consists of PhD students
in 2019. Comparatively, FASE aver-
ages 36%. The IBBME numbers were
collected on September 18, 2019.

Gender Distribution

IBBME has a balanced female to
male graduate student body ratio. The
numbers from IBBME was collected on

September 18, 2019.

YEAR

36%

FASE

27%

Female

73%

Male

56%

IBBME

48%

Female

52%

Male

ENROLLMENT
332

291

303

269

241

27%

M phD @ MASc B MEng & MHSc

FASE

37%

vy WAV 1BBME

e+« Female Population in

Individual Programs
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Graduation Summary

There is a drastic increase in IBBME
graduates in the 2018-2019 academic
year. The numbers on the right of
the bar graph indicate the number
of graduates who have successfully
defended their thesis in the academic
year. The numbers from the 2018-
2019 academic year was calculated
from adding 2018 September, 2019
January, and 2019 May sessions. The
numbers were collected on September

24th, 2019.

Graduation Breakdown

Graduate proportion is similar to
the current student body break-
down, indicating a balanced exit rate
amongst students within each program.
Bracketed percentages indicate the
proportion of students out of 97 total
graduates in 2018-19. The numbers
were collected on September 24th,

2019.

Graduation Time

Graduation time is dictated by degree
type. PhD-C: Clinical Specialization.
PhD-U: Direct-entry. PhD: students
who had previously obtained a masters.
The number of years was calculated as
an average. The numbers were collected
on September 24th, 2019.

YEAR GRADUATED

v
;
v
XN E
5 %

B PhD - Clinical Specialization ~ (1%)

PhD - Direct Entry (19%)
B PhD - Transfer from MASc  (20%)
B MASc (29%)
M MHSc (18%)
B MEng (14%)

B PhD-C  (53) —

PhD-U  (5.6)

B MASc (2.2) —
M MHSc 20 —

| MEng (1.2)  —
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Year Distribution

First year students are the most prev-
alent in the student body. Within the
332 students registered, 142 are first
year students. While the student distri-
bution is balanced in PhD, MASc, and
MHSc programs, MEng had the high-
est proportion of first year students.
Since this is one year program, the
proportion of second year and above is
expected to be low. The numbers from
IBBME was collected on September
18, 2019.

TOTAL MASc  MEng  MHSc

LEGEND
B Year1 M 437 M 26% M 53% M o6% M 33%
Year 2 20% 7% 35% 2% 33%
M Year3 M 13% M6 B 12 B 2% B 24%
W VYear4a W72 W1y W% L SYA
W vers W7 W 13%
B veoro+ W10 W 17%
Publication Record YEAR PUBLISHED
IBBME has published 192 peer-re- 192
viewed papers in 2019 from our core
faculty members. The data on the right 189
was aggregated via SciVal, an Elsevier
subsidiary. The data was collected on __216
December 30, 2019.
222
210
Institute of Biomaterials and Biomedical Engineering (IBBME) | 85



Funding Trend

IBBME have received $10.51 million
in research funding amongst 35 core
faculty members. On average, funding
per faculty member was approximately
$0.3 million in 2019. The numbers
shown on the right hand side of the
bar graph is the total funding package
that is active during September 2018
- August 2019.

Grant Distribution

IBBME continues to thrive with
research funding from all sectors.
Amongst all funding packages, approxi-
mately 43% are new funding initiatives.
Majority of the funding are operat-
ing grants. The numbers represent
the September 2018 - August 2019
period.

Funding Breakdown

Majority of the research, equipment,
and personnel funding originate from
the federal government of Canada.
'‘Other Sponsors' are categorized
as fundings from education bodies,
foundations, hospitals, international
organizations, and societies. The
numbers represent the September

2018 - August 2019 period.

YEAR

2018-19

2016-17

2015-16

2014-15

58

Ongoing
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FUNDING
$10.51M

$12.02M

$7.82M

$8.04M

$5.30M

Selected Grants

Milica Radisic
NIH: Engineering Vascularized
Myocardium

Elaine Biddiss
CIHR: The Virtual Music Teacher

Jan Andrysek
NSERC: Biomechanical
Biofeedback

Federal Grants $7,310,086

Provincial Grants $2,535,723

Other Sponsors $659,375



Keyword Identifiers

IBBME has a diverse set of research topics. Publications produced by IBBME core faculty members from 2019
were aggregated and the frequency of recurring keyphrases was captured. The size of the font refers to the
relative frequency in which the phrase occurs in publications. The following keyphrases were generated by SciVal.
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CORE FACULTY

JULIE AUDET | PhD, PEng | Cell &

Tissue
Professor (IBBME) | Vice Dean, Graduate Studies,
Faculty of Applied Sciences & Engineering

Email: julie.audet(@utoronto.ca

JAN ANDRYSEK | PhD, PEng |

Clinical

Associate Professor (IBBME) | Senior Scientist,
Holland Bloorview | Associate Director, Professional
Programs, IBBME

Email: jan.andrysek(@utoronto.ca

BERJ L. BARDAKIJIAN | PhD, PEng |

Clinical

Professor (ECE, IBBME) | Investigator, Toronto
Western Hospital

Email: berj.bardakjian(@utoronto.ca

ELAINE A. BIDDISS | PhD | Clinical
Assistant Professor (IBBME, Rehabilitation Sciences
Institute) | Scientist, Holland Bloorview

Email: ebiddiss(@hollandbloorview.ca

CHRIS BOUWMEESTER | PhD, PEng

| Clinical
Assistant Professor, Teaching Stream (IBBME)

Email: chris.bouwmeester(@utoronto.ca

WARREN C. W. CHAN | PhD,

FAIMBE | Molecular
Professor (IBBME, ChemE, CHM, MSE, DC) |
Director, IBBME

Email: warren.chan(@utoronto.ca

TOM CHAU | PhD, FAIMBE, FCAE,

Peng | Clinical

Professor (IBBME, ECE, RSI) | Vice President
of Research, Director & Senior Scientist, Holland
Bloorview

Email: tom.chau(@utoronto.ca

HAI-LING (MARGARET) CHENG |

PhD, PEng | Cell & Tissue
Associate Professor (IBBME, ECE) | Adjunct
Scientist, Sick Kids

Email: hailing.cheng(@utoronto.ca

LEO CHOU | PhD | Molecular
Assistant Professor (IBBME) | Investigator, Medicine
by Design

Email: leo.chou@utoronto.ca

JOHN E. (JED) DAVIES | PhD, DSc,

FSBE | Cell & Tissue

Professor (Dentistry, IBBME) | Associate Director,
Graduate Programs, IBBME

Email: jed.davies(@utoronto.ca

RODRIGO FERNANDEZ-

GONZALEZ | PhD | Cell & Tissue
Associate Professor (IBBME, CSB, TBEP) | Adjunct
Scientist, Sick Kids | Engineering Science BMS
Option Chair (Undergraduate), IBBME

Email: rodrigo.fernandez.gonzalez(@utoronto.ca

GEOFFREY R. FERNIE | PhD,

FCAHS, CEng, PEng | Clinical

Professor (Surgery, IBBME, IMS, Rehabilitation
Sciences Institute, Graduate Department of Exercise
Science) | Senior Scientist, Toronto Rehabilitation
Institute

Email: geoff.fernie(@uhn.ca

MICHAEL GARTON | PhD | Molecular
Assistant Professor (IBBME)

Email: michael.garton(@utoronto.ca

PENNEY GILBERT | PhD | Cell &
Tissue

Associate Professor (IBBME, BCH, DC, CSB) |
Chair of the IBBME Distinguished Seminar Series
Email: penney.gilbert(@utoronto.ca
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MARC D. GRYNPAS | PhD | Cell &

Tissue

Professor (LMP, IBBME, MSE, Surgery) | Senior
Scientist, Mount Sinai

Email: grynpas(@mshri.on.ca

RITA KANDEL | MD, FRCPC | Cell &

Tissue

Professor (LMP, IBBME) | Clinican-Scientist & Chief
of Pathology and Laboratory Medicine, Mount Sinai |
Department Chair, LMP

Email: rita.kandel(@sinaihealthsystem.ca

DAWN M. KILKENNY | PhD | Cell &

Tissue
Associate Professor, Teaching Stream (IBBME;
Banting & Best Diabetes Centre)

Email: dawn.kilkenny(@utoronto.ca

AZADEH KUSHKI | PhD | Clinical
Assistant Professor (IBBME) | Scientist, Holland
Bloorview

Email: akushki@hollandbloorview.ca

OFER LEVI | PhD | Molecular
Associate Professor (IBBME, ECE)

Email: ofer.levi@utoronto.ca

NAOMI MATSUURA | PhD, PEng |

Molecular
Associate Professor (MSE, IBBME, Medical Imaging)

Email: naomi.matsuura(@utoronto.ca

KEI MASANI | PhD | Clinical
Assistant Professor (IBBME) | Senior Scientist,
Toronto Rehabilitation Institute

Email: k.masani(@utoronto.ca

ALISON MCGUIGAN | PhD | Cell &

Tissue
Associate Professor (ChemE, IBBME)

Email: alison.mcguigan(@utoronto.ca
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ALEX MIHAILIDIS | PhD, PEng |

Clinical
Associate Professor (OCT, IBBME, CSC, RSD

| Senior Scientist/Research Chair, Toronto
Rehabilitation Institute
Email: alex.mihailidis(@utoronto.ca

MILOS R. POPOVIC | PhD, FAIMBE,

PEng | Clinical
Professor (IBBME, ECE, MIE, IMS, IRM, RSI) ’

Senior Scientist & Director of Research, Toronto
Rehabilitation Institute
Email: milos.popovic(@utoronto.ca

MILICA RADISIC | PhD, FAIMBE,

FCAE, FCAE, PEng | Cell & Tissue
Professor (IBBME, ChemE) | Senior Scientist,
Toronto General Hospital | Associate Chair, Research,
ChemE

Email: m.radisic@utoronto.ca

JONATHAN V. ROCHELEAU | PhD |

Molecular

Associate Professor (IBBME, Department of
Medicine, Department of Physiology) | Scientist,
Toronto General Hospital | Associate Director,
Research

Email: jon.rocheleau(@utoronto.ca

PAUL SANTERRE | PhD, FAAAS,

FAIMBE, FBSE, PEng | Cell & Tissue
Professor (Dentistry, IBBME, ChemE)

Email: paul.santerre(@utoronto.ca

MICHAEL V. SEFTON | ScD, FAAAS,
FAIMBE, FCIC, FBSE, FRSC, PEng|

Cell & Tissue

Professor (ChemE, IBBME, DC) | Scientist, Toronto
General Research Institute

Email: michael.sefton(@utoronto.ca



MOLLY S. SHOICHET | OC, OOnt,
PhD, FAAAS, FAIMBE, FBSE,
FCAHS, FCAE, FRSC, FTERM | Cell

& Tissue
Professor (ChemE, IBBME, CHM, DC, IMS)

Email: molly.shoichet(@utoronto.ca

CRAIG A. SIMMONS | PhD, FCSME,

PEng | Cell & Tissue
Professor (MIE, IBBME, Dentistry) | Scientific
Director, TBEP

Email: c.simmons(@utoronto.ca

ELI D. SONE | PhD | Molecular
Associate Professor (IBBME, MSE, Dentistry)

Email: eli.sone(@utoronto.ca

DAVID A. STEINMAN | PhD, FASME,

PEng | Clinical
Professor (MIE, IBBME)

Email: steinman(@mie.utoronto.ca

KIEN (KEVIN) TRUONG | PhD, PEng

| Molecular
Associate Professor (ECE, IBBME)

Email: kevin.truong(@utoronto.ca

AARON R. WHEELER | PhD |

Molecular
Professor (CHM, IBBME, DC)

Email: aaron.wheeler(@utoronto.ca

CHRISTOPHER M. YIP | PhD,

FAAAS, FEIC, PEng | Molecular
Professor (ChemE, IBBME, BCH, DC) | Dean,
Faculty of Applied Science & Engineering
Email: christopher.yip(@utoronto.ca

PAUL B. YOO | PhD, PEng | Clinical
Associate Professor (IBBME, ECE) | Affliate
Scientist, Toronto Rehabilitation Institute | Chair,
Biomedical Systems Engineering Major

Email: paul.yoo(@utoronto.ca

LIDAN YOU | PhD, FCSME, PEng |

Cell & Tissue
Associate Professor (MIE, IBBME)

Email: youlidan(@mie.utoronto.ca

JOSE ZARIFFA | PhD, PEng | Clinical
Associate Professor (IBBME, ECE, Rehabilitation
Sciences Institute) | Scientist, Toronto Rehabilitation
Institute

Email: jose.zariffa(@utoronto.ca

nstitute of Biomaterials and Biomedical Engineering IBBME) |

91



CROSS-APPOINTED
FACULTY

CRISTINA AMON | ScD, FAAAS,
FASEE, FASME, FCAE, FCSME,
FEIC, FIEEE, FRSC, NAE, PEng | Cell

& Tissue
Professor (MIE, IBBME)

Email: cristina.amon(@utoronto.ca

RICHARD AVIV | MBChB, MRCP,

FRCR, FRCP, DABR | Clinical
Professor (Medical Imaging, IBBME) | Affliate
Scientist, Neuroradiologist, Sunnybrook
Email: richard.aviv(@sunnybrook.ca

DERYK BEAL | PhD, Reg. CASLPO,

CCC-SLP | Clinical

Assistant Professor (Speech-Language Pathology,
RSI, IBBME) | Clinician Scientist, Holland Bloorview
Email: dbeal@hollandbloorview.ca

SANDRA BLACK | OOnt, MD, FRSC

| Clinical

Professor (Medicine, RSI, Psychological Clinical Sci,
IBBME) | Senior Scientist, Sunnybrook

Email: sandra.black(@sunnybrook.ca

GREGORY BORSCHEL | MD, FAAP,

FACS, | Clinical

Associate Professor (Surgery, IBBME) | Surgeon, Sick
Kids
Email: gregory.borschel(@sickkids.ca

JOSEPH A. CAFAZZO | PhD, PEng |

Clinical

Associate Professor (IHPME, IBBME) | Director/
Lead, Toronto General

Email: joe.cafazzo(@uhn.ca
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PETER L. CARLEN | MD, FRCPC |

Clinical

Professor (Medicine, Physiology, IMS, IBBME) |
Senior Scientist, Toronto Western (Krembil)
Email: peter.carlen(@uhnresearch.ca

KARINA CARNEIRO | PhD | Cell &

Tissue
Assistant Professor (Dentistry, IBBME)

Email: karina.Carneiro(@dentistry.utoronto.ca

ANGELA M. CHEUNG | MD, PhD |

Clinical
Professor (IHPME, IBBME) | Senior Scientist,
Toronto General

Email: angela.cheung(@uhn.ca

DOUGLAS CHEYNE | PhD | Clinical
Professor (Medical Imaging, IBBME, Speech-
Language Pathology) | Assoc. Scientific Staff/ Senior
Scientist, Sick Kids

Email: douglas.cheyne(@sickkids.ca

CATHERINE COOLENS | PhD |

Clinical

Associate Professor (Radiation Oncology, IBBME) |
Radiation Physicist, Princess Margaret

Email: catherine.coolens(@rmp.uhn.ca

JAMES M. DRAKE | FRCSC | Clinical
Professor (Surgery, IBBME) | Chief/Surgeon, Sick
Kids

Email: james.drake(@sickkids.ca

TILAK DUTTA | PhD | Clinical

Assistant Professor (RSI, IBBME) | Scientist, Toronto
Rehabilitation Institute (KITE)

Email: tilak.dutta(@uhn.ca

ATENA ROSHAN FEKR | PhD |

Clinical

Assistant Professor (MIE, IBBME) | Affliliate
Scientist, Toronto Rehabilitation Institute
Email: atena.roshanfekr(@uhn.ca



JEFFREY FIALKOV | MD, FRCSC |

Clinical

Associate Professor (Surgery, IBBME) | Head/Staff
Surgeon/Associate Scientist, Sunnybrook

Email: fialkov.admin(@sunnybrook.ca

YOAV FINER | DMD, PhD | Cell &

Tissue
Associate Professor (Dentistry, IBBME)

Email: yoav.finer(@dentistry.utoronto.ca

BERNHARD GANSS | PhD | Cell &

Tissue
Associate Professor (Dentistry, IBBME)
Email: bernhard.ganss(@dentistry.utoronto.ca

HOWARD J. GINSBERG | MD, PhD,

FRSCS | Clinical

Assistant Professor (Surgery, IBBME) | Associate
Scientist, St.Michael's Hospital
Email: ginsbergh(@smh.ca

SIDHARTHA GOYAL | PhD |

Molecular
Assistant Professor (Physics, IBBME)
Email: goyal(@physics.utoronto.ca

TEODOR GRANTCHAROV | MD,

PhD, FACS | Clinical

Associate Professor (Surgery, IBBME) | Scientist/
Surgeon, St.Michael's Hospital

Email: grantcharovt(@smh.ca

FRANK GU | PhD | Molecular
Professor (ChemE, IBBME)
Email: f.gu(@utoronto.ca

AXEL GUENTHER | PhD | Molecular
Professor (MIE, IBBME)

Email: guenther(@mie.utoronto.ca

ANNE-MARIE GUERGUERIAN |

MD, PhD, FAAP, FRCPC | Clinical
Assistant Professor (Paediatrics, IBBME) | Staff
Physician/Senior Scientist, Sick Kids

Email: anne-marie.guerguerian(@sickkids.ca

MASOOM HAIDER | MD, FRCPC |

Clinical

Associate Professor (Medical Imaging, IMS) | Senior
Scientist, Sunnybrook
Email: masoom.haider(@sunnybrook.ca

ROBERT V. HARRISON | PhD, DSc |

Clinical

Professor (Otalaryngology, Physiology, IMS, Music) |
Senior Scientist/Director, Sick Kids
Email: rvh(@sickkids.ca

BENJAMIN D. HATTON | PhD | Cell

& Tissue
Assistant Professor (MSE, IBBME)

Email: benjamin.hatton(@utoronto.ca

BORIS HINZ | PhD | Cell & Tissue
Professor (Dentistry, Surgery, IBBME)

Email: boriz.hinz{@utoronto.ca

KULLERVO HYNYNEN | PhD |

Clinical

Professor (Medical Biophysics, IBBME) | Senior
Scientist, Sunnybrook

Email: khynynen(@sri.utoronto.ca

GEORGE IBRAHIM | MD, PhD,

FRSCS | Clinical
Assistant Professor (Surgery, IBBME) | Surgeon/

Associate Scientist, Sick Kids
Email: george.ibrahim(@sickkids.ca

MOHAMMED ISLAM | PhD | Clinical
Assistant Professor (Radiation Oncology, IBBME) |
Senior Physicist, Princess Margaret

Email: islam(@rmp.uhn.on.ca

DAVID A. JAFFRAY | PhD | Clinical

Professor (Medical Biophysics, Radiation Oncology,
IBBME) | Senior Scientsit, Princess Margaret

Email: david.jaffray.rmp.uhn.on.ca
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MICHAEL SASHA JOHN | PhD |

Clinical

Adjunct Lecturer (IBBME) | Research Associate,
Baycrest

Email: sjohn(@rotman-baycrest.on.ca

ARMAND KEATING | MD, FRCSC,

FRCPC | Cell & Tissue

Professor (Medicine, IMS, IBBME) | Scientist,
Toronto Western Hospital

Email: armand.keating(@uhn.ca

SHANA O. KELLEY| PhD | Molecular
Professor (PHM, CHM, BCH, IBBME)

Email: shana.kelley(@utoronto.ca

SHAFIQUE KESHAVIJEE | MD,

LMCC | Clinical
Professor (Surgery, IBBME) | Surgeon in Chief,
Toronto General

Email: shaf.keshavjee(@uhn.ca

SHEHROZ KHAN | PhD | Clinical

Assistant Professor (IBBME) | Scientist, Toronto
Rehabilitation Institite (KITE)

Email: shehroz khan(@utoronto.ca

EUGENIA KUMACHEVA | PhD |

Molecular
Professor (CHM, IBBME)

Email: ekumache(@chem.utoronto.ca

DINESH KUMBHARE | MD, PhD,

FRCPC, FAAPMR | Clinical

Associate Professor (Medicine, IHMPE, Kinesiology,
IBBME) | Affiliate Scientist, KITE
Email: dinesh.kumbhare(@uhn.ca

MICHAEL LAFLAMME | MD, PhD \
Cell & Tissue

Associate Professor (LMP, IBBME) | Senior Scientist,

Toronto General/McEwen
Email: michael.laflamme(@uhnresearch.ca
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MILAD LANKARANY | PhD | Clinical

Assistant Professor (IBBME) | Scientist, Toronto
Western (Krembil)

Email: milad.lankarany(@uhnresearch.ca

STEPHEN LAPINSKY | MBBCh,

FRCP | Clinical

Assistant Professor (IBBME) | Clinical Investigator,
Mount Sinai
Email: Stephen.lapinsky(@utoronto.ca

REN-KE LI | MD, PhD | Cell & Tissue
Professor (Physiology, LMP, Surgery, IMS, IBBME) |
Senior Scientist, Toronto General

Email: ren-ke.li@uhnresearch.ca

XINYU LIU | PhD, PEng | Molecular
Associate Professor (MIE, IBBME)

Email: xyliu(@mie.utoronto.ca

RADHAKRISHNAN (KRISHNA)

MAHADEVAN | PhD | Molecular
Professor (ChemE, IBBME)

Email: krishna.mahadevan(@utoronto.ca

THIERRY MALLEVAEY | PhD |

Molecular
Associate Professor (Immunology, IBBME)

Email: Thierry.mallevaey(@utoronto.ca

ANDREAS MANDELIS | MSE, PhD,

FRSC, FAPS, FSPIE | Clinical
Professor (MIE, IBBME)

Email: mandelis(@mie.utoronto.ca

DAVID MCMILLEN | PhD | Molecular

Associate Professor (Department of Chemistry &
Physical Sciences (UTM), IBBME)

Email: david.mcmillen(@utoronto.ca

JASON MOFFAT | PhD | Molecular

Associate Professor (DC, Molecular Genetics,
IBBME)
Email: j.moffat(@utoronto.ca



CINDI MORSHEAD | PhD | Cell &

Tissue
Professor (Surgery, IMS, RSI, IBBME) | Affiliate
Scientist, KITE

Email: cindi.morshead.utoronto.ca

ADRIAN NACHMAN | PhD | Clinical
Professor (ECE, Math, IBBME)

Email: adrian.nachman(@utoronto.ca

HANI E. NAGUIB | PhD, PEng,
CEng, FIOM3, FASME, FSPE, FSPIE,

FCSME | Clinical
Professor (MIE, IBBME)

Email: naguib(@mie.utoronto.ca

JAYSON PARKER | PhD, MBA |

Clinical

Assistant Professor, Teaching Stream (Biology (UTM),
IBBME)

Email: jayson.parker(@utoronto.ca

STEVEN A. PRESCOTT | MD, PhD |

Clinical
Assistant Professor (Physiology, IBBME) | Scientist,

Sick Kids
Email: steve.prescott(@sickkids.ca

EMIL H. SCHEMITSCH | MD, FRCSC

| Cell & Tissue
Professor (Surgery, IBBME) St.Michael's Hospital

Email: schemitsche(@smbh.ca

TOM SCHWEIZER | PhD | Clinical
Professor (Surgery, IMS, IBBME) | Interim Director/
Scientist, St.Michael's Hospital

Email: schweizert(@smh.ca

SACHDEYV SIDHU | PhD | Clinical
Professor (Molecular Genetics, DC, IBBME)

Email: sachdev.sidhu(@utoronto.ca

YU SUN | PhD, P.Eng, FIEEE, FASME,
FAAAS, FNAI, FCSME, FEIC, FCAE,

FRSC | Molecular
Professor (MIE, IBBME)

Email: sun(@mie.utoronto.ca

BABAK TAATI | PhD, PEng | Clinical
Assistant Professor (CSC, IBBME) | Scientist, TRI
(KITE)

Email: babak.taati@uhn.ca

MICHAEL THOMPSON | PhD |

Molecular
Professor (CHM, IBBME)

Email: mikethom(@chem.utoronto.ca

PATRICIA L. TRBOVICH | PhD |

Clinical
Associate Professor (IHPME, IBBME) | Research
Chair, NYGH

Email: patricia.trbovich(@utoronto.ca

PIERO TRIVERIO | PhD, FAAAS,

SMIEEE, PEng | Clinical
Associate Professor (ECE, IBBME)

Email: triverio(@waves.utoronto.ca

TAUFIK A. VALIANTE | MD, PhD,

FRCSC | Clinical

Associate Professor (Surgery, IBBME) | Scientist/
Surgeon, Toronto Western Hospital (Krembil)
Email: taufik.valiante(@uhnresearch.ca

SARA VASCONCELOS | PhD | Cell &

Tissue

Assistant Professor (LMP, IBBME) | Scientist,
Toronto General

Email: sara.vasconcelos(@utoronto.ca
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SOWMYA VISWANATHAN | PhD |

Cell & Tissue

Assistant Professor (Medicine, IBBME) | Scientist,
Toronto Western Hospital (Krembil)

Email: sowmya.viswanathan(@uhnresearch.ca

THOMAS K. WADDELL | MD, PhD,

FRCSC, FACS | Cell & Tissue
Professor (Surgery, IBBME) | Senior Scientist,
Toronto General

Email: thomas.waddell@uhnresearch.ca

ROBERT A. WEERSINK | PhD,

MCCPM | Molecular

Assistant Professor (Radiation Oncology, IBBME) |
Clinical Physicist, Princess Margaret

Email: robert.weersink(@rmp.uhn.ca

CARI M. WHYNE | PhD | Clinical
Professor (Surgery, IMS, IBBME) | Senior Scientist,
Sunnybrook

Email: cari.whyne(@sunnybrook.ca

HAROLD WODLINGER | PhD | Cell

& Tissue
Adjunct Professor (IBBME)

WILLY WONG | PhD | Clinical
Professor (ECE)

Email: willy.wong(@utoronto.ca

AZADEH YADOLLAHI | PhD | Clinical
Assistant Professor (IBBME) | Scientist, TRI (KITE)
Email: azadeh.yadollahi@uhn.ca

KAZUHIRO YASUFUKU | MD, PhD |

Clinical
Professor (Surgery, IBBME) | Scientist, Toronto
General

Email: kazuhiro.yasufuku(@uhn.ca

ALBERT J. M. YEE | MD, FRCSC,

DABOS | Clinical

Professor (Surgery, IMS, IBBME) | Associate
Scientist, Sunnybrook

Email: albert.yee(@sunnybrook.ca
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EDMOND W. K. YOUNG | PhD | Cell

& Tissue
Assistant Professor (MIE, IBBME)

Email: eyoung(@mie.utoronto.ca

GANG ZHENG | PhD, FAIMBE |

Molecular
Professor (Medical Biophysics, PHM, IMS, IBBME) |
Senior Scientist, Princess Margaret

Email: gang.zheng(@uhnresearch.ca

ANTON ZILMAN | PhD | Molecular
Assistant Professor (PHY, IBBME)

Email: zilmana(@physics.utoronto.ca



EMERITUS ADMINISTRATIVE STAFF

RICHARD COBBOLD | PhD TERESA ADDERLEY

Professor Emeritus (IBBME, ECE) Industrial Program Manager & Internship Coordinator
ALF DOLAN |PhD BARBARA ALEXANDER

Professor Emeritus (IBBME) Manager of Operations

RICHARD FRECKER | MD, PhD QIN (BILL) DAI | PhD

Professor Emeritus (IBBME) Scientific Manager

MICHAEL JOY | PhD, PEng GARY HOANG

Professor Emeritus (IBBME, ECE, Department of Teaching Lab & Design Studio Technician
Physics)

IVY HON
HANS KUNOV | PhD, PEng Undergrad and Graduate Program Assistant
Professor Emeritus (IBBME, ECE)
MANDEEP JAJJ
MORRIS (MICKEY) MILNER | PhD, Graduate Office Assistant
PEng
Professor Emeritus (IBBME) JUDY GILLIGAN

Operations Assistant

KENNETH H. NORWICH | MD, PhD
Professor Emeritus (IBBME, Department of Physics) ASHLEY MILES

Project Coordinator

ROBERT PILLIAR | PhD, PEng
Professor Emeritus (IBBME, Faculty of Dentistry, ANGELA ROSA

Department of Material Science & Engineering) Acting Human Resources Administrator & Finance

Officer

JASON WEN | PhD
Education Officer
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