
ray
example

image photon
tissuet

i
m
e

energy

e
l
e
c
t
r
o
n

take
technique

object

signalcourse discuss number

biomedical imaging

term
intensity

detector

attenuation coefficient

function

equal

distance

mean

brain

question

subject

different

process
measure

consider

tracer

linear attenuation

given

looking

water

produce

increase

contrast

used

important

scanner

change

noise ratio

measurement

resolution

ultrasound

firstbody

essentially

area

imaging technique

c
o
m
e

event

effect

principle

element

way

scan

projection

typically

light

d
o
n
e

c
o
m
p
o
u
n
d

point

situation

think

blood

zerophysics

divided

exposed

c
o
n
c
e
n
t
r
a
t
i
o
n

happen

frequency

know
high

radiation

photon energy

calculate

another

direction

glucose

us

s
i
d
e

source

positron

uptake

scattered

molecule

exist

a
b
s
o
r
p
t
i
o
n

case

position

measured

good

cell

dolphin

proportional

detect

thing

second

r
a
n
g
e

k
e
V

call

detected

gives us

l
i
f
e
 
s
c
i
e
n
c
e

red

squared

certain

bone

wavelength

CT

emission tomography

three

i
n
s
i
d
e

work

head

radioactivity

kiloelectron volt

s
o
m
e
t
h
i
n
g

r
e
a
l
i
t
y

camera

getting

collimator

crystal

p
o
s
i
t
r
o
n
 
e
m
i
s
s
i
o
n

contrast agent assume

constant

back

heart

SPECT

idea

i
l
l
u
s
t
r
a
t
e

c
l
o
s
e

equation

seen

higher

angle minus

said

still

centimeter

depend

oxygen

difference
end

material

PET

c
o
m
p
u
t
e
d
 
t
o
m
o
g
r
a
p
h
y

start

put

r
o
u
g
h
l
y

kind

scattering

e
x
p
r
e
s
s
i
o
n

collimationq
u
a
n
t
u
m
 
m
e
c
h
a
n
i
c
s

sensitivity

goes

e
x
p
e
r
t

portable

l
i
m
i
t
a
t
i
o
n
s

mass

travel

unitemitted
sort

system

small

processes

obviously

cancer

detection

dimension

shell electron

talk

video

a
i
r

line

basically

fairly

likely

distribution

mouse

sound

echo

consequence

p
r
o
b
a
b
i
l
i
t
y

Compton

iodine

l
i
n
e
a
r
 
m
o
m
e
n
t
u
m

m
e
t
a
b
o
l
i
c
 
r
a
t
e

exposure

low

b
i
o
 
i
m
a
g
i
n
g

sound wave

taken

Search MOOC Video

1

https://cede-webapps.epfl.ch/video-sequence-search/?csv=en_BIOIMG1c
https://mediaspace.epfl.ch/media/0_ggh0u3im
https://mediaspace.epfl.ch/media/0_ggh0u3im


We'll continue now with the question: What is the importance of bio-
imaging? How important is this, really? Actually, nowadays life
sciences, medical diagnosis or medical practice, both of them are
unthinkable without biomedical imaging. One of the main features or
contributions to this has been that we have a way to assess biological
processes with minimal perturbation of the system. We can peer into the
body, look at processes, and we do not have to go inside with any
invasive means. Major discoveries in medicine have been done based on
cadaver discovery or discoveries during surgery. Here, with biomedical
imaging, it is completely non-invasive and without influence on the
subject. We'll give you some examples. We have, in terms of
applications, humans, animal research, it's also important to be
minimally invasive, but also, sometimes it's cell preparations or organ
preparations that one wants to study with biomedical imaging. What are
the modalities that are often used? We have x-ray techniques. You've
most likely been exposed to this technique, for example, a chest x-ray if
you have pneumonia, dental x-rays, or if you have a fracture, computer
tomography is derived from x-rays, is a more advanced way of imaging.
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That one we will discuss. X-rays, simple x-rays, we'll not discuss in this
course. Positron emission tomography, magnetic resonance. We have
ultrasound for those of you who have been born in the last two to three
decades. We have pretty much all been exposed to ultrasound technique
in uterus, when we were fetuses, or if you are a parent, then your child
has been exposed to ultrasound if you've had children, most likely, at
least in the Western World. There's also electrical imaging measuring
the electrical currents in the brain. That's EEG or MEG. Those
techniques we will not discuss in this course. They are very distinct, and
then there are, of course, also optical imaging techniques, that is using
optical photons, visible photons, or infrared to image inside the tissue.
Those techniques we will not discuss in this course either, mainly for
the purpose of that here, in the the EPFL there are excellent-- --lectures
treating just with these topics. And the key feature for this course is the
element that these techniques, imaging techniques, bio-imaging
capabilities, effects, contrast, etc. they are unthinkable without physics.
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They are bio-physical processes that are deeply rooted in these
techniques and we will discuss them, how these effects, how the
construction of these cameras, these devices, how that influences signal-
to-noise ratio, contrast-to-noise ratio, resolution, what kind of abilities
we can deduce from these modalities.
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So now, if we look at biomedical imaging, what are the things that we
need in biomedical imaging. Obviously, we need life sciences. We need
a living system. We need physics. And here in the course for life
sciences, I will discuss primarily applications in neuroscience and
cancer. I'll illustrate it mainly from these two sides. Now physics, the
notions that in this course that we will make use of are electrodynamics,
in particular, Faraday's Law, for example. Quantum mechanics-- we will
not discuss quantum mechanics per se, but we are going to discuss a
technique that's deeply rooted in quantum mechanics and that is
magnetic resonance imaging. We have also thermodynamics
considerations to consider, and also some elements of classical
mechanics that we will be using from the physics. A good scanner with
just life science and physics will not function. We need also for the
techniques, we'll need good engineering, good instrumentation. We need
electrical engineering, mechanical engineering, sometimes we need
biomedical engineering to make these devices work optimally, and, of
course, we need good mathematics. We've already dealt with the
contrast-to-noise ratio with some elements of math that we need.
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We need good mathematics. And finally, in biomedical imaging, one
also needs chemistry, and we will also discuss where chemistry comes
in with contrast agents. We do not need to be experts in every one of the
fields, but what is fascinating what brought me into this field is the
ability to interact with such diverse disciplines to work really at the
interface of all these different disciplines to learn from them, take what
we learn from them, adapt them, take what we have in the needs in
cancer and neuroscience, for example, how they impact instrumentation,
the engineering, what we want to measure, mathematics, for example, or
the compounds that we'd like to image the distribution to work with
chemists on synthesizing those compounds or developing those
compounds. That is what makes biomedical imaging a very exciting and
interesting field to work with is to have all these interplays. Like I said,
we do not have to be experts in every one of them, but we have to be
willing to work at the fringe of our disciplines, and so
multidisciplinarity, a willingness to engage one with another is
important. And then, if we think about our brains, this is actually what
our brain already does.
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If we look at the brain organization, we have all sorts of brain areas that
do different things. We hear here in Broca's area, we move our fingers in
this area, we feel heat in this area, we see here in this area, we listen also
here, and we process what we see here. So our brain and these areas are
all simultaneously active.
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And so we can, of course, deal with all sorts of different disciplines
having some insight in them, gaining some aspects, using aspects of
them without being an expert in all of these techniques. So now here's a
question, what is the perfect imaging modality? What would you like it
to be able to do? Well, you want something easy to use. Here's an
example. It should be portable. We have the example here again. And it
should be highly sensitive and produce excellent contrast. Taking
pictures of you or someone that you take a picture of with a camera here
that's built in into the smartphone, that affords all that. Like I said, this is
not an imaging technique for the intent of our course. We won't consider
that, but in principle that's portable, I can take pictures. The question
does this exist, something like this, like a cellphone, a smartphone
camera, built-in camera, does that exist for biomedical imaging? In
theory, it exists but not in reality. In Hollywood, it exists. You might
recognize this gentleman here, if you look at the people appearing in
here, what he's carrying in his hand is-- on the right side, is the
equivalent of a smartphone communication device.
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In his left hand he has what they call a tricorder. And a tricorder in Star
Trek and the following series, they use it essentially, to diagnose you on
10 meters distance, they're able to diagnose whether you have some
genetic alteration that you've been subjected to by exposure to an alien
species. So in Hollywood, this kind of device called tricorder, the
perfect imaging modality exists. It allows them to simply, rapidly
diagnose without touching the subject to diagnose their disease even
down to genetic diseases. Unfortunately, this does not exist for us, but
here's an example which is very close, we are looking here at a video
from a dolphin, and this dolphin is pregnant, has a fetus in it. And we
have the doctor in this aquarium in Florida, he carries on the front of his
head, he carries the output of the computed image, so the ultrasound
image that's generated by a computer in real life and with his right hand
he holds a transducer to the belly of the dolphin, so he's showing the
images, and we can see the images here, the dolphin baby in the belly of
its mother. The mother still stays in her natural environment, so it's still
in the water basement. They're just holding her still.
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So this is fairly close to being a minimal invasive technique. It is easy to
use, a person just holding it. It's portable. He went to the dolphin. And it
provides decent sensitivity and good contrast. However, what we have
to consider is that in reality, each imaging method or modality has its
strengths and limitations. We can't have it all. Either they are strong on
one side. They're able to depict one certain tissue feature, one technique
and do it better than the other and vice versa. And we have limitations as
well in the techniques. And the goal of this course is to bring closer to
you an appreciation of these strengths and limitations of these
techniques, and particularly the physical reasons that are behind it
because there are physical reasons, the biophysical phenomenon or
physical phenomenon that we are exploiting for these imaging
techniques.
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