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Abstract

This thesis contains the basis for an exhibition about biomedical engineering due
to be displayed at Vattenhallen in the summer of 2013. The aim of the exhibition
is to inspire and interest the children and adults that come and visits Vattenhallen.
Hopefully at least one child will feel interested at study at LTH in the future. The
basis contains 13 experimental stations and a short description of a potential lab-
oration. Apart from these 13 stations three experiments have been constructed
as well. An EMG-controlled prosthetic hand, an ultrasound phantom in the form
of a 13 week old fetus and a software program for an experiment about MR/CT
imaging.

The experimental stations are:

At the hospital

Tissues

MR

Ultrasound

The way through the stomach and bowel system
Key hole surgery

Your fantastic body

The EMG controlled hand
ECG

Tinnitus

Dialysis

Microfluids

The laboration:

Servoventilator






Preface

In order to inspire children and show that technology can indeed be a lot of fun,
LTH used to have something called Experiment6rerna, located on the fifth floor in
the E-building at campus. Experimentorerna was a low scale project and from it
the idea of Vattenhallen sprung. In 2009 Vattenhallen opened at LTH. It is located
in the V-buildings old water tank room which were used to simulate port condi-
tions, hence the name Vattenhallen. At Vattenhallen children and adults alike can
indulge in a range of experiments. Vattenhallen does also feature thematic exhibi-
tions with experiments. The next exhibition to be featured will be about biomed-
ical engineering and science. Hopefully this will show children how science and
technology have developed medical treatment and also how much medical tech-
nology has been developed in Lund.
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Chapter 1

Introduction

In this report the description of the journey that has been undertaken producing the
base for an exhibition on biomedical engineering. The aim and goal for the thesis
was to produce an exhibition with content and experiments designed to inspire and
interest children from between ages 5-20. It began with the notion of creating one
of the experiments in order to give the thesis technical height. The experiment
in question would be constructing an electromyographic (EMG) control for an
electrically controlled hand prostheses. Apart from constructing this experiment
the assignment was also to provide the base for the rest of the exhibition, i.e. de-
cide on what biomedical engineering should be included and design experiments
around the different technologies. It was also in the assignment to provide all the
informative material to each station and figure out a good experiment that would
interest the children and have relevant meaning to the field of technology chosen.
The red line in the exhibition is research and science from Lund.

The difficulty in this thesis was that we were only providing the base. The
exhibition will open in summer 2013 and the deadline is in February 2013. This
put some limitation to our work since a lot of the material for the experiments will
not be available to us until after the thesis deadline. Therefore we decided to focus
on our prosthetic hand experiment, finish all the informative material and then get
as much work done on the other experiments as possible.

As it were, the prosthetic hand was given a lot of focus, producing an elec-
tromyographic controlled prostheses is not by any means a novelty. Luckily they
are already commercially available and have been for some decade. There is also
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a lot of research going on on how to improve this type of prostheses in order to
make it more lifelike and feel more like a real hand to the owner. However, mak-
ing it fit for a science center is a bit different than making it fit as a prostheses.
Only when satisfied with the hand we started to work on the other experiments,
such as the ultrasound phantom and the MRI tube.

This theses include several different fields of technology. The report is di-
vided into sections featuring the exhibition as a whole, the hand experiment, the
ultrasound phantom and the MRI tube. The reason for this is that these three ex-
periments have actually been constructed by us and does therefore deserve a little
more attention. Note the chapter featuring the MR tube is not quite as elaborate
as the chapters about the hand and the phantom. The reason for this is simply
because there was no greater need for understanding every detail of MR when
constructing the program for the experiment. Every section is a small report in it-
self with an introduction, method, result and discussion. The information that will
be displayed on the different stations in the exhibition will be on posters, which
can be found in the appendix of this report. The report is then concluded by with
an overall conclusion and discussion.
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Chapter 2

The Exhibition

2.1 Introduction

The goal with this thesis is to produce a design and base for an exhibition that is
going to be displayed in LTH’s Science Center Vattenhallen during 2013. It will
open in summer 2013 and be on display for a year. The aim is to construct an ex-
hibition featuring biomedical engineering. The exhibition will consist of stations
showing different fields of science and include an experiment that connects with
the field displayed. The exhibitions aim will be to inspire children to be more
interested in technical fields and chose that path when later in life deciding their
education. Vattenhallen is LTH’s own science center and was founded in 2009 by
Monica Almgqvist. The goal was to inspire young people about science. It fea-
tures shows and experiments and has grown steadily during the years. Last year
the center had 34 000 visitors[1].

As stated earlier, the aim with the exhibition is to inspire and interest the vis-
itor. Hopefully when the children leave they do it with the feeling of having seen
something fun, exciting and educating. If they leave feeling that they want to
spread the experience to others, then it has been a job well done.

In order to reach this goal the exhibition needs to feature exciting, simple
and funny experiments and stations that are connected to biomedical engineering.
Since there has been a lot of research in Lund about the subject, it was only natural
that this should have its certain place in the exhibition. Therefore the red line
through the whole exhibition was chosen to be research from Lund. This means
that every experimental station should include some research about the subject.
It might give the visitors a sense of pride to know how much have been done so
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close to them, and how much still can be done. It might also help to interest them
in actually becoming students at LTH in the future.

The exhibition is meant for children between ages 5-20. This is something
that had to be taken in consideration when designing the experimental stations
and gathering the information. No five year old child will be interested in reading
line after line of text about technology, likewise will not a twenty year old be very
much interested in a text meant for a five year old. With this in mind the posters
has been done with a lot of pictures and limited amounts of text. Though some
posters’ content are a lot more technically advanced so that the interested one can
divulge in them.

Each experimental station is supposed to have some sort of experiment, posters
containing information about the biomedical engineering and information about
the connecting research from Lund. Not all information will be on posters though,
some will also be displayed as videos on screens. The exhibition is also supposed
to include a couple of laborations that will take about 20-30 minutes to complete.

2.2 Method

The work started out just brainstorming about what kind of experimental stations
were possible to have and what good experiments could be done. Finding subjects
was not very hard, however finding a good experiment to match them proved more
difficult.

For inspirational purposes visits were made to Livets Museum. It is a museum
about the body and our life owned by Region Skane. The visit was for inspiration.
As Livets Museum focuses more about the biological aspects than the technical,
it was deemed that it was safe to continue on with the thoughts and ideas that had
already been brainstormed. The first draft for stations was as follows:

The EMG-controlled hand

The MRI-tube

The ultrasound

At the hospital

Your fantastic body

The way through the stomach and bowel system
Keyhole surgery

ECG

Microfluids

A e A A o
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10. Dialysis

11. Tinnitus

12. Kinect

13. Servo ventilator
14. Tissues

This draft was presented at a meeting where different scientists, engineers, teach-
ers and a pedagogue from LU and SUS were invited. The purpose of the meeting
was to get feedback, ideas and help with gathering text and image information to
the different stations. There was also a hope to get help finding material that could
be used for the different experiments. This meeting is henceforth referred to the
reference group meeting.

The stations above are also written in priority order. Since the time was lim-
ited, the experiments would be constructed in this order, as many as possible in
the given time. The hand was the main priority. Even if there wasn’t time to con-
struct all the experiments, the information that the stations would display would
be completed for each station.

Finding information has been a mix of reading literature, browsing the inter-
net, interviewing physicians and scientists and looking through lecture material.
It was decided that the information would be displayed on posters, and in some
cases, video on screens if such material was given. Posters may not be the best
medium, since it require the visitor to stop and stay for a while to read. How-
ever, it would not be much of an exhibition if there were no information about the
technology presented through the experiment. Also since there can’t be a guide
telling the information to each visitor, posters was decided upon. The posters let
the visitors decide on how much they want to read, what they want to read or
just look at the pictures. Constructing the posters meant finding a path where the
information was conveyed in a technical way without being too heavy or hard to
understand. The text on the posters was divided into smaller pieces connected to
an image. Hopefully this layout will inspire the visitor to at least read some parts,
and maybe feel interested to read it all.
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2.2.1 Constructing the experiments

The following will describe the work gathering information to the stations and de-
signing the experiments as it was planned from the beginning. The three first have
their own sections in this report and will therefore not be discussed much here.

1. The EMG-controlled hand

The experiment would be the EMG-controlled hand prostheses. The visitors
would put on the electrodes and be able to control the hand by flexing the right
muscle. The information at the station would be about EMG and EMG controlled
prostheses. The research part would be about the smart hand project, and this
information was gathered with the help of Ph.D Christian Antfolk and the Smart
Hand webpage. More information about how the experiment was constructed can
be read in chapter 3.

2. The ultrasound

There was already an ultrasound station at Vattenhallen before this work started.
In the exhibition it will be more about diagnostic ultrasound and how it is used for
both heart and fetus diagnosis. The experiment is to use a new ultrasound phan-
tom modelled of a 13 week old fetus. This fetus is one of the experiments that
was constructed by the authors and more on about how this was done can be read
in chapter 4.

In order to gather images and information that could be displayed on the sta-
tion, visits to the hospital in Lund were made. These visits resulted in interviews
with biomedical analyst Bodil Andersson who works with cardiac ultrasound and
biomedical analyst Ann Turing who is specialist at measuring blood flow in fe-
tuses. The research part was derived from interviews with Magnus Cinthio and
Tomas Jansson, both scientists at LTH.

3. The MRI-tube

This will be the largest experiment in the exhibition. It will be a real CT shell,
that will be slightly modified to simulate an MRI tube. So the visitors will roll
themselves in it and see MRI and CT images, as if they scanned themselves.

4. At the hospital

At this experimental station the visitors can do health control. When the informa-
tion was gathered about this station it was found that in order for it to be worth
doing, several different health controls had to be merged into one. It is for exam-
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ple not standard procedure to measure blood pressure on children, nor is doing a
hearing test.

Kristina Olsson, a certified audinom; was consulted in order to make sure that
the hearing test will be as correct as possible.

5. Your fantastic body

The aim of this station was showing how mathematical units are included within
the body, such as numbers, pressure, speed, volumes and sizes. Having knowl-
edge of these things are essential when designing biomedical engineering. You
can’t build an artificial heart without knowing how much blood it needs to pump
around every minute. The information gathered has also been given good com-
parisons so that the visitor can get a grasp of how heavy, how many, how big a
pressure of something is, etc. The station consists of two posters with different
facts and comparisons. The facts were derived from different medical websites
and literature.

6. The way through the stomach and bowel system
This station is about wireless capsule endoscopy. The material was gathered from
Ervin T6th who is the chief physician at Endoskopienheten at SUS Malmo. He
provided an interview, lots of film material, images and four fake capsule cameras.
Mr Té6th provided images and film material.

Left was figuring out a good experiment. Since the camera travels through the
bowel system it is almost as if it travelled in a labyrinth. Therefore the idea of
making a labyrinth behind glass and attaching the camera to a magnet came up.

7. Key hole surgery

Here the visitors can try on key hole surgery. The experiment will consist of a
box with hidden contents, surgical instruments, a camera that films the inside of
the box and a screen that displays what the camera sees. The instruments will be
special instruments that are used for key hole surgery. A request has been sent
to Lars Forsberg who works at the medical equipment department at SUS if he
might donate material to this station (and others). A poster has also been made
with material found on medical websites.

8. ECG
For these ECG station there was an idea of constructing an experiment where a
person held in two iron rods and got to see her own heart rate. To put it simple,

15



an ECG. At LTH there has been much research about ECG and signal processing
and therefore professor Leif Sornmo at EIT LTH was asked to contribute with
information about various projects. He also verified that it should be possible to
construct the aforementioned experiment.

9. Microfluids

This station was put in to the agenda rather late and it was decided to only display
posters showing research. This since the research projects needs to explain how
microfluids work in order to be understandable. There is also a huge amount of
different ways in how to execute microfluids. In order to get facts about different
projects going on at the university Ph.D Per Augustsson was asked if he could
help contribute. He in turn asked around colleagues and they gathered a sub-
stantial amount of information on different interesting projects about microfluids
connected to biomedical engineering. They also helped figuring out experiments
that would suit Vattenhallen.

10. Dialysis

For the dialysis station a visit to Gambro was made. Gambro is an international
company founded in Lund. It manufactures hemodialysis machines, or artificial
kidneys as they are also called. Here information on hemodialysis was received.
The problem about this station was figuring out a good experiment. At Gambro
engineer Anders Felding gave us tip that the principal for osmosis can be showed
by dissolving the egg shell of a whole egg in white vinegar, and then putting the
egg in different solutions. A sugar concentrate would dehydrate the egg whereas
water would expand it. This experiment was tried out.

11. Tinnitus

The thought of this experimental station was to give the visitors a chance to feel
how it is like to have tinnitus since it is a very common symptom these days.
Maybe the experiment can prevent some children from being careless with their
hearing and ears. A headphone will hang on a wall and when the visitor put them
on they will hear a monotonous tone. Tinnitus is not curable but there is also some
rather interesting research about the subject. In Lund, a method called the THA-
method has been developed and this was included in the poster.

12. Kinect
This station was not supposed to include any information on posters. It is not re-
ally connected to biomedical engineering. More that it could be possible to make
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a program where the visitor stands in front of a screen with kinect and sees him or
herself as a skeleton. It was thought to be a good station to have since it could in
some sense be connected to x-rays. This station has been given quite little atten-
tion.

13. Servo ventilator

Since the servo ventilator is an invention born in Lund, it was thought appropri-
ate to have a station concerning it. The first idea was to have something that the
visitors could blow in and get a measurement of their lung capacity. At the refer-
ence group meeting protests were made against this experiment since it is a liable
source of air born infection spreading. The station was thus removed but the idea
has stayed and been made into a laboration instead.

14. Tissues

The original idea of this experimental station was to have fake organs that would
feel like real organs. The would have the same size, be as heavy and have the same
structure. The purpose was the give the visitors an idea how things felt inside the
body. The point about this station was that the organs would be handled by the
visitors and this means durable organs. There are websites that makes props for
movies and sell props to the public. Maybe these could be purchased for Vatten-
hallen. Another idea is to purchase an anatomical model so the visitors can get an
understanding on where in the body the organs are located and their approximate
size. An anatomical body might do for a good experiment too since it can act as a
puzzle.

The experimental stations was also arranged so that they would be in a specific
order. The order has been chosen with the intention to make the connection be-
tween the stations a bit more obvious and natural.

The exhibition starts with At the hospital, where the visitor makes a quick health
examination in order to get ready for the rest of the exhibition. From there he/she
proceeds to the Tissue station in order to get an understanding of various organs
in the body and where they are located. Following tissues are some different im-
age modalities. First the MR-tube, the Ultrasound and then Kinect. The idea is
that now the visitor will have grasp on what is inside of the body, and what differ-
ent technologies are available to study them noninvasivly. After this comes two
invasive techniques, The way through the stomach and bowel system and Key
hole surgery. The next experiment in line is Your fantastic body where he/she
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may learn about different units in the body. Next is the EMG-controlled hand
and the ECG station. These two are about signals in the body and how they may
be used. From ECG one moves to another experiment about signals, the Tinnitus
station. The next station will be Dialysis and closely after Microfluids since they
can both be used to clean blood.

2.3 Result

The final list of experimental stations are as follows:

1. At the hospital

This station does not contain any more information than instructions concerning
what the visitors are supposed to do. They will receive a paper and a pen, and are
then asked to weigh themselves, measure themselves, do an eye sight test, try and
take their blood pressure, listen to their own hearts with a stethoscope and do a
hearing test. The poster can be seen in appendix 1.

2. Tissues

The result of this station is a collection of links to various homepages that sells
anatomic models and props. The station will probably consist of an anatomical
model with internal organs that can be removed. The organs will not feel like real
organs, but their size and placement in the body will at least be accurate. For the
collection of links see appendix 2.

3. The MRI-tube

The tube is not built, but the software program has at least almost been completed.
The program will have to be modified when the sensors are implemented in the
tube. Apart from the experiment, the station will also consist of a poster providing
information on how an MRI machine scan actually works. More about MR and
the program constructed can be found in chapter 5.

4. The ultrasound
Two phantom fetuses has been made. One of them lacks umbilical cord and the
other has a slightly strange profile. However, the result in the ultrasound ma-
chine is quite nice since the images produced look rather realistic. More about the
phantom experiment are on page 44.

Three posters has been made, one containing facts about ultrasound in general,
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one about how the machine works. The research project poster contains informa-
tion about the longitudinal movement in blood vessels. There is also a movie of
the heart. The posters can be found in appendix 3.

5. Kinect

Very little has been done at this station. It is a part of the result because the authors
would really like to see it at the exhibition. However it has not been possible to
find information on how to construct the experiment.

6. The way through the stomach and bowel system
Chief physician Ervin Téth was kind enough to donate four dummy cameras.
These can hopefully be used in an experiment. It should not be difficult to con-
struct a labyrinth behind glass and then attach a magnet to the camera. The goal
will then be to direct the camera through the labyrinth with the aid of a magnet on
the outside.

The posters provide information about endoscopy and research from the uni-
versity. There is also a short movie made from actual footage from a camera that
has travelled the way through the stomach. For posters see appendix 4.

7. Keyhole surgery
At this station there will be a black box containing something that can be operated
on with the help of key hole surgery operating tools. Since it is key hole surgery,
the only way to see what is in the box is by looking at the screen. The screen is
showing what a camera inserted inside the box is recording. The content of the
box can be replaced with different things. For example, sewing in dish cloths has
the feeling of sewing in real tissue. Pearls and a pearl plate takes some concen-
tration and shows how hard it can be to operate when you are not actually seeing
what you are doing.

Permission has also been given to show actual surgery movies from a webpage
meant for medical students. The link to this page, together with poster about key
hole surgery can be found in appendix 5.

8. Your fantastic body

The station consists of two posters with different interesting facts and compar-
isons about the body. This station can be developed further by having objects that
the visitors can use in order to get even more understanding. For example, there
could be a spring that can be compressed with the same pressure that is in the
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blood vessels. Or a piece of rope the same length as the intestines. Why not a
sheet the same size as the skin? The possibilities are many. The two posters can
be seen in appendix 6.

9. The EMG-controlled hand
For result on this experiment see page 29 about the EMG experiment. For the two
posters about EMG and the Smart hand see appendix 7.

10. ECG
The result of this station is three posters and a concept for an experiment. Two
of the posters feature facts about ECG and how it works. One is about research
projects going on at the Department of Electrical and Information Technology at
LTH. Professor Leif Sornmo was kind enough to provide with the poster.

He also verified that the ECG experiment was possible. Thus it can be con-
structed at Vattenhallen. The posters are located in appendix 8.

11. Tinnitus

The result is a poster featuring facts about tinnitus and some of the Lund research
about the THA-method. The experiment will be putting on a headphone and re-
ceive a signal into the ear that will have tinnitus character. The poster can be seen
in appendix 9.

12. Dialysis

Dialysis is something with a lot of connection to Lund and the university, so it
felt wrong not to include it in any way. Unfortunately it was very hard to come
up with a good experiment picturing dialysis that would be quick and easy to do.
Therefore it was decided to make posters containing information about dialysis
and the research done here in Lund. The station features a poster about hemodial-
ysis and a poster made by Anders Felding, engineer at Gambro, telling a tale of a
day in a hemodialysis machines life.

The egg experiment was tried, and it provided a satisfying result, but since it
took about two or three days before anything could be seen at all it was deemed
not fit for the exhibition. The problem is that osmosis is a slow process but it is
the process that is used for hemodialysis. However the experiment was done and
the result was put on the poster. Professor Leif Sérnmo also kindly contributed by
doing a poster about dialysis research. Posters can be found in appendix 10.
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13. Microfluids

This station will contain an experiment that could show the principles of laminar
flow and separation of particles, or it will be about how particles can be ordered
into patterns by exposing them to certain sound waves. There are many different
experiments that show the principles of microfluids, some examples are Kundts
tube and the Chladni plate. The poster features two different research projects
from the University. The poster can be found in appendix 11.

14. Servo ventilator

The experiment for the laboration would consist of breathing through a straw and
thereby giving the feeling of not being able to breath effortless. The idea was
developed slightly. Also added was blowing up a balloon with one draught of
air. The balloon can then be submerged into water and the volume of the balloon
calculated. Thus the lung capacity can be decided. The laboration will be about
breathing and lungs. This might give rise to question as to what can be done if
one get troubles breathing on one’s own and lead to discussions about the servo
ventilator.

2.4 Discussion

Constructing the base for the exhibition has been quite interesting but also diffi-
cult. The aim was to construct interesting posters containing more images than
text. Finding images that work proved more difficult than initially thought. Keep-
ing the text limited but still informative and understandable for those who does not
have five years of engineering in their luggage was also a challenge. Our hopes
were high when we had the reference group meeting since so many were incred-
ibly keen to help out. Unfortunately keenness and will does not always make up
in time. Therefore a lot of material that we were promised has failed to appear.
It has also been difficult to handle the experiments that we wouldn’t build or con-
struct. How do you make a description of an experiment if you haven’t verified
that it works. We have found possible experiments, but we don’t know how or
if they will work out at Vattenhallen or if their construction will be easy. The
three experiments that we have worked on proved tricky for us. It might be taken
in consideration as well that we did not have access to any budget. If Vatten-
hallen manages to find good sponsors the experiments will have every potential
to become great. We do feel that our material is well written and the posters are
interesting. In all cases we have not succeeded in having less text than images,
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but hopefully the format of how the text is spread over the posters will still invite
to some reading.

We also had great hopes for displaying research from Lund since this would be
our red line through the exhibition. We have been very well met by those scientists
and physicians we have asked for help and we really hope that our posters will
inspire children to become engineers in the future.

In hindsight we would have liked a closer cooperation with Vattenhallen in
order to get more feedback on the material we have gathered and put together.
We also would have liked to have more discussions and inputs about the different
experiments and how they could be constructed. It is also understandable that
constructing this kind of base for an exhibition is a ongoing process and things
might be added or removed. But we feel like the line up we have in this thesis
will be a good base for the exhibition. Nothing is set in stone, this is just our
suggestion and contribution.
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Chapter 3

Electromyography - EMG

3.1 Introduction

In the body signals travel from the brain down to the muscles by electric impulses.
The muscles are connected to nerves. In the nerves the action potential provides
the nerve impulse which in turn sets off an action potential in the muscle cells and
this makes the muscle contract. The action potential is the very fast reversal of the
cell membranes electric polarization. The procedure takes about a microsecond.
The action potential itself can travel through the body at a speed from 1 to 100
m/s [2]. These signals are crucial to our movement. The mechanics of the action
potential is a report in itself and will therefore not be discussed much deeper in
this paper.

We do not have a singular type of muscle in our bodies. Depending on its func-
tionality and purpose the muscles can be categorized into three different types:
skeletal, smooth or cardiac. Skeletal are the types of muscle we can control by
will, they are the larger muscles of our bodies, and they are attached to the skele-
ton. The smooth muscles are the muscles that we cannot control by will, they are
instead controlled by our autonomous nervous system. They are typically found in
our intestines and blood vessels. Cardiac is the heart muscle and although we do
not control its contraction by will it is not a smooth muscle. The cardiac muscle
builds the wall of the heart and is responsible for the systole and diastole of the
heart[3]. Electric signals derived from the heart are known as electrocardiography
- ECG.

As stated earlier the muscle contraction is the consequence of a cells answer
to stimuli. In the skeletal muscles the action potential is transmitted through the
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body with the help of the motor neurons that originates from the either the brain
or the spinal cord. The motor neuron ends at a muscle and is connected through a
special synapse which is rather large at about 2000-6000 um? known as the neu-
romuscular junction[4]. This synapse makes it possible for the action potential to
stimulate the muscle into a contraction. The muscle fibers forms together with the
connected motor neuron something that is called a motor unit (figure 3.1), which
is the representation of a functional contracting unit. Depending on its purpose,
the motor unit can control just a few muscle fibers, or more than a thousand[5].
When a potential is generated at the nerve-muscle synapse it will often result in a

motor nerve cell

group of muscle cells

Figure 3.1: A motor unit [I].

muscle fiber action that travels from the synapse to the end of the muscle fibers.
This is known as the motor unit action potential, MUAP, and its the result of spa-
tial and temporal summation of the individual action potentials that travels along
the muscle fiber. The electrical current associated with this phenomena it is known
as electromyogram (sprung from the word myo which means muscle) or EMG for
short[6]. It is the summation of the different MUAPs within an electrodes detect-
ing area that is received as the EMG signal. The signal passes on information
about the controller function in the muscles central and peripheral nervous sys-
tem. EMG has shown very useful since the signal properties varies a lot with how
much the muscle is activated[7].

As with so many scientific inventions and discoveries it is hard to denote who
was the first to notice the electrical potential in muscles. Worth mentioning is Jan
Swammerdam who lived between 1637-1680. He discovered that when the inner-
vating nerve of a frogs muscle got stroked, the muscle would contract. In 1666
Francesco Redi (1626-1698) documented that the electric eel had a very special-
ized muscle that generated electricity. He was also the first to make the connection
between muscles and generation of electricity[8]. But perhaps the most famous
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experiment when dealing with electric signals in the body was carried out by Luigi
Galvani in 1791. In his experiment, he touched a frogs leg muscle with metal rods,
there by depolarizing them and making them contract. Later on Galvani also found
that the muscles could contract if the free end of a nerve was placed across it. It
showed that the contraction could happen without the intervention of metals[9].

Many scientists has been involved during the centuries to develop understand-
ing of EMG signals, but it took until the 1960’s until EMG became widespread
in clinical use. The technology to record the signals has during the last decades
improved immensely. Therefore the interpretation of the signal has become more
accurate over the years. The quality of the signal, and the amount of MUAPs that
are gathered depends on what type of electrode that is being used. When a muscle
is to contract, the central nervous system will initiate motor unit recruitment in
order to control the force of the contraction. The motor unit recruitment is a spa-
tial and temporal recruitment of muscle units, and is a very fundamental muscle
process. If the force of contraction needs to increase then more spatial recruitment
is needed. If instead the frequency of the contractions need to be greater, the tem-
poral recruitment needs to increase. If the temporal recruitment is too much and
the fire rate of the action potentials gets to 50 Hz or faster, the responding EMG
signal will take on a noiselike appearance since the individual MUAPs no longer
can be discerned because of temporal superimposal of the signal[10].

3.1.1 Needle EMG

EMG is an extracellular recording type, which means that the electrodes are placed
outside the cell and the difference in potential is measured between them[11]. The
electrodes used to gather the EMG signal can either be invasive or noninvasive.
Invasive means that the electrodes is submerged into the muscle inside the body.
Noninvasive means that surface electrodes positioned on the skin above the mus-
cle are used to gather the information. Using a needle electrode submerged into
the muscle enables gathering information from individual muscle fibers. This
gives high resolution and local description of the muscle, the detection signal can
be rather weak and it is fairly easy to reposition the electrodes over a new area
in the muscle, but the down side is that it is painful for the patient[12]. Needle
EMBG is often used clinically for diagnostic purposes. Needle electrodes can be
of different types as well. The most common types are the monopolar (figure 3.3)
and the concentric (figure 3.4). The monopolar needles have a teflon coating over
the shaft. The coating function as insulation. The needle has only one lead wire
extending from its tip. The needle requires that a reference electrode is placed
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Biceps Brachii

Figure 3.2: Insertion of a needle electrode into biceps [II].

on an electrically neutral zone, across bone for example, away from the mea-
suring electrode. The requirement of a reference electrode is because the EMG
machine is in basic only a differential amplifier. It needs to compare the electric
activity produced in the muscle around the needle electrode with a zero value[13].
The concentric electrode however does not need the reference electrode since the

Monopolar Needle Electrode Concentric Needle Electrode

Ll Cannuila

| —
f

Figure 3.3: Monopolar needle  Figure 3.4: Concentric needle
electrode[III]. electrode[IV].

reference comes from the between the electrodes active surface and the needles
cannula[14]. The needle has two wires, one attached to the active area, and one
to the cannula. The effect of having the reference closer to the electrode is that
the amplitude of the motor units will decrease. The concentric needle also tend to
make all electrical activity appear smaller than in the monopolar case. But is has
also shown to reduce noise[15].

3.1.2 Surface EMG

Surface EMG, often written as SEMG, on the other hand is not at all painful, but
will provide a lower resolution of the signal. It is not possible to discern the indi-
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vidual fibers as in needle EMG since it reflect the gross activity of multiple motor
units. Surface electrodes can be either passive or active. The passive consists
basically of a detection surface and electrode will only pick up the current from
the muscle through its skin-electrode interface. The active electrode on the other
hand is built so that the input impedance is much greater thus it is less sensitive
to the impedance of the electrode-skin interface[16]. This will reduce the occur-
rence of noise to the signal such as the 50/60 Hz coupling, artefacts coming from
electrode or cable movement, distorted signals and general background noise[17].
Most surface electrodes that can be bought today will also have some sort of sig-
nal filtration and processing built in. Placing a surface electrode involves having

&
4 N

Figure 3.6: Active electrodes[VI].
The gain of the signal can be

changed on the electrode and the sig-
Figure 3.5: Surface electrodes[V]. nal is filtered.

knowledge of the muscle fibre orientation and anatomical landmarks. It is also im-
portant to place the electrodes so that the electrical cross talk from other muscles
is minimized, they mustn’t be placed to close to each other[18]. It is important
that the contact between the electrode and the skin is good, otherwise the mea-
surements will be affected. Pressure must be applied to the electrode and in some
cases the contact is increased by using saline gel or paste which is applied be-
tween the electrode and the skin. To further increase the contact the skin should
be washed so that the dead surface layer of it is removed along with its protective
oils, removing these will lower the electrical impedance. The need for some sort
of lubricant between the electrode and the skin is only necessary for the passive
electrodes since they do not account for the skin impedance. The active electrodes
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however are often referred to as dry electrodes, or pasteless electrodes since they
have addressed the issue about the impedance[19].

The surface EMG is generally used when the time of the activation and the
signal amplitude contains the information desired. Usually this is the case for
different applications controlled by EMG such as certain limb prosthesis. For
these types of application active electrodes are typically used.

The surface EMG can also be recorded at lower sampling rates than the needle
EMG. This is because the tissue between the motor unit and the recording elec-
trode act as a lowpass filter of the electrical signal. Most of the spectral power
of the surface EMG is located at 400-500 Hz, so a sampling rate at about 1 kHz
is needed. This due to the Nyquist theorem stating that the sampling frequency
should be at least twice the highest frequency contained in the signal. In the case
of needle EMG, the frequencies can be as high as 10 kHz, because of that a sam-
pling rate of 50 kHz is often used[20].

3.1.3 EMG control of upper limb prostheses

The first mention of using EMG for control of upper limb prostheses comes from
the German Reinhold Reiter who described it in a patent from 1945. Later in the
1960’s the real break through came when a group of Russian scientists presented a
design of a prosthetic hand controlled by muscular signals[21]. Since then the de-
velopment of EMG controlled hand prostheses has taken place in several countries
world wide.

Simple EMG controlled models will only enable the handler to open or close
the hand by contracting the right muscle. The electrodes that are used to record
the signal can either be placed on one or two muscle sites. Depending on how
they are placed the control may differ some. On one site placement the control
can either be two state or three state control. Two state control means that if the
signal crosses a threshold, the prostheses will open, and if the signal goes below
the threshold the prostheses will automatically close again. In three state control
there is instead a low threshold and a high threshold. When the signal is between
the high and low threshold the prostheses will be closed. It opens when the signal
surpass the high threshold and shut down when it is lower than the low threshold.

It’s quite common to use a two site, two state placement. In this type one
electrode at one site will function as opening electrode and another at the other
site will be the closing electrode. So if the opening electrode picks up a signal
passing the threshold the hand will open, and stay open until the closing electrode
picks up a signal large enough to pass the threshold and thereby closing the hand.
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Using two site, two state also makes it possible to control the speed which the
fingers on the prostheses moves[22].

3.2 Experiment —
The EMG-controlled hand prostheses

3.2.1 Goal

The goal for this experiment was to see if it was possible to create an experiment
consisting of controlling the robotic hand with EMG signals. Also to construct the
experiment so it is durable enough to survive rather rough handling at Vattenhallen
for maybe over a year.

3.2.2 Equipment

- Prebuilt robotic hand together with special made data acquisition card

- LabVIEW program that controlled the hand, also already made

- Four electrodes from Otto Bock, of type Myobock Electrode 13E200=60
- National Instruments data acquisition card USB-6008

- Oscilloscope

- LabVIEW

3.2.3 Method

The first step was getting familiarized with the hand that were to be used for the
experiment. The hand was build for the Art Hand project that later developed into
the Smart Hand project[23]. Then the goal was to turn it into a durable experi-
ment that could be displayed and used at Vattenhallen. The hand itself consists of
six motors. Five of them controls the flexing movement of the fingers, and one is
for controlling the in and out movement of the thumb. The motors in their turn
are controlled by a special designed acquisition card taking its directive from Lab-
VIEW. The hand is powered with six and nine volts. The motors need six volts and
the micro controller on the card needs nine volts. Since the hand was controlled
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by LabVIEW from the start it was decided to use this programming language in
order to control the hand with EMG. Four active electrodes from Otto Bock were
received. The electrodes requires voltage supply between 4.7 and 16 V. They are
complete with filters that filter the EMG raw signal into smoother curves.

Figure 3.7: The hand. Figure 3.8: The hand set up.

Since they had already been used for other experiments their condition was
not mint. They had first to be repaired since the cords that are supposed to be at-
tached to the electrode and supply power and output were missing. It was done by
soldering on new cords and connection points. When the cords were in place the
next task consisted in verifying that all of them worked. This was easily done by
connecting them to an oscilloscope and testing their output when they were put on
a flexing muscle. On the oscilloscope the electrodes gave very nice outputs. One
idea at first was to let the electrodes control one finger each. So if the user bent a
finger then the corresponding finger on the prostheses would bend as well. This
idea was quickly discarded since that kind of control would require needle elec-
trodes, since the muscles for the different fingers can’t be discerned with surface
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Figure 3.9: The electrodes used for the experiment.

electrodes.

When both hand and electrodes had been received the task of designing the
control program started. The hand itself is not a real prostheses and is quite
clumsy and fragile. It is not a toy and that was taken in consideration when de-
signing the program. The idea is based on the two site, two state method but
with some changes. In that method, one electrode is used for opening and one
for closing. But since this will be an experiment for children (and other visitors
to Vattenhallen) it was thought it might be more interesting to the children con-
trolling the hand if they could do a few more movements than just opening and
closing. Therefore states were introduced to each electrode. Figure 3.12 shows
the state machine.

In that way one electrode can be used for opening and closing. If the electrode
detects a signal higher than the set threshold the hand will open(light on), and stay
open(lit) until there is again a large enough signal to pass the threshold(light off).
In that case the hand will close(off). By introducing these states we have made it
possible for each of the four electrodes to control a certain grip. It is important
that the fingers on the hand and the different grips do not collide since this put un-
necessary strain on the motors, and will lead to dysfunction if it occurs too often.
This was experienced during the design process and has also been dealt with. In
order to avoid collision each grip has been assigned a number corresponding to a
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Figure 3.10: Testing the  Figure 3.11: The signal correspond-
electrodes functionality. ing to hand movement.

priority, when the grip is called upon the number will be stored in a vector. If the
same grip is called again the number will be removed from the vector. Depending
on what is already in the vector the grip will be carried out or not. If there is
something with higher priority, then the grip will not be carried out since there is
arisk of collision. This system forces the user to empty the vector of the grip with
highest priority when a new grip with lower priority is wanted.

It was also experienced that the signal from the electrodes could go very high
if the contact between skin and electrode was bad. Because of this a START/STOP
button was implemented. The button enable the program to run so that the muscle
signals can be observed without the hand moving. When it has been determined
that the contact is good the START/STOP button may be pressed thus activating
the hand. The reason for this is again to avoid unnecessary strain on the motors.

It was also noticed when more electrodes were added to the program that the
noise level increased and that the signal would often get stuck on a certain voltage
level. This had to do with noise from the signal generator and was avoided by
supplying the voltage by battery instead. Each electrode gets its power supply
from a 9 V battery. When the electrodes are in place and they are not being
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Figure 3.12: The states originally only controlled lamps, therefore they have been
named accordingly.

touched, they work as intended.

However, during testing and construction of the experiment it became obvious
that the hand would not last long with continuous use at Vattenhallen. Therefore
a new idea was introduced. The hand would only be used for demonstration pur-
poses and laboratories, and for the every day usage the physical hand would be
replace with a digital virtual hand since such a program already existed from the
Art hand project. The virtual hand functions just like the robotic hand but there is
no risk of ruining motors when operating the virtual hand. The new task became
thus to merge the existing virtual hand program with the robotic hand program
that had been constructed for the experiment.

It was also noted that the 9 V batteries that was originally intended to be used
as power supplies for the electrode were too large and had to be replaced with
smaller batteries of the type CR 2032.

The electrodes were then sewn onto velcro in order to both create a way to eas-
ily fasten them on oneself and construct a stable connection between skin and elec-
trode. The contraption however proved not to be stable enough, nor big enough to
hold the batteries. It was also of concern that it was to easy to ruin.

Figure 3.13: The first electrode holder.

33



Instead of fabric, small boxes were bought. A hole was cut into the box so that
the electrode could come through and have skin contact. Then both electrode and
battery was put in the box since it minimized the use of long cables and increased
the movement ability of the wearer and the durability of the construction. It also
kept the electrodes and cables more secure and protected from curious hands that
wants to pull at everything. The lid is screwed on the boxes and can thus be easily
removed when the batteries need changing.

Figure 3.14: Electrodes and batteries ~ Figure 3.15: Electrodes attached to
inserted into boxes. the arm.

3.2.4 Result

The result of this experiment is both a physical and a virtual hand that you can
control to some extent with muscle contractions. The electrodes sends their signal

Figure 3.16: The finished set up.
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into LabVIEW via an acquisition card where the program then decides on which
grip will be executed. Each electrode has its own grip, the grips can be changed by
a moderator. The program features a graphic panel that shows the four different
signals from the electrodes. A lamp will light up if the electrode is activated,
and turn off if it is deactivated. Activation happens when the muscle under the
electrode contracts enough to produce a signal that exceeds the threshold value.
It is deactivated when it again detects a large enough signal. Each electrode has
two states, grip and open. Each grip has a priority assigned to it, and when it is
activated the priority will be stored in a vector. The vector will feed the highest
number to the hand which will execute the grip. Grips with lower number cannot
be executed unless the higher number is put back to open state. The priorities has
been chosen so that grips that could have potential to collide can not be executed
directly after one another. As a further precaution the grips have been chosen so
that they don’t collide at all.

The virtual hand functions in the same way as the robotic, the only difference
being that it is 100 % digital and not as sensitive to strain as the robotic one.

Figure 3.18: The virtual hand. Hand open.
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3.2.5 Discussion

Constructing the hand experiment has been rather difficult. The one thing they told
us at Vattenhallen was to keep the experiments really robust and durable since the
visitors can be quite rough on them. When we received the hand we immediately
understood that it would have to be kept behind some sort of protection, a glass
cupboard for example. We did not, however, realise how incredible fragile the
hand in itself was. During testing of our program we’ve managed to break it three
times in total. One time one of the engines even burned. The burnt engine proved
how fragile the hand was. This was something we took in consideration when we
made the software.

Since we also noticed that the electrodes had a habit of giving rise to signals
just by being touched we feared that the hand might take damage just by putting
on the electrodes. With the program being as it were, the hand would start moving
long before the electrodes were in place and we thought this to be an unnecessary
strain on hand and engines. To come around this problem we implemented a
START/STOP button and believed we had come around the problem. We thought
so until it was clear that the visitors at Vattenhallen should not be allowed to
operate the program themselves. The next idea was then to replace the digital
START/STOP button with an analogue one. However, it still felt rather unsure
on whether or not the hand would survive at Vattenhallen. This could perhaps be
avoided if some sort of timer were implemented in the program. A timer that runs
for 5 minutes and then you will have to press start again.

We do think it is a shame that the robotic hand could not be used permanent.
It is a bit more fun to work with than the virtual hand. However, since it became
evident during construction of the program that it would not be durable enough,
we think that the virtual hand is the best solution. The robotic hand can still be on
display in Vattenhallen since it looks rather interesting and would probably spark
an interest. We do also hope that the electrodes will last, since they are still to be
used with the virtual hand. They were old and some of them broken from start
and we have noticed that the cables have a tendency to let go if not handled with
extreme care. Putting the electrodes in a box together with the batteries helps
insure that the cables won’t have to endure unnecessary wear and tear. Should
they break however, it might be wise to look up the possibility of getting new
electrodes.
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Chapter 4

Ultrasound

4.1 Introduction

Sound is the product of longitudinal waves moving through a medium. The waves
are the product of vibrations. For example, a loudspeaker has a membrane that
vibrates. The vibrations will push on the air molecules causing them to vibrate and
push on adjacent molecules. The wave will the propagate through air and might
hit an ear where the eardrum vibrates. The brain will then interpret the vibrations
as sound. The speed at which the vibrations occur is called the frequency. The
human ear can perceive frequencies in the range of 20 Hz to 20 kHz. Sound waves
with frequencies above 20 kHz are known as ultrasound waves.

Ultrasound can be used for diagnostic medical applications since it can pro-
duce a real time image of the inside of the body[24]. Ultrasound consists of longi-
tudinal waves. These types of waves will cause the medium they are travelling in
to move in the same directions as the wave. They will easily propagate in solids,
fluids and gases. This is why they are fit to enter the body as opposed to transversal
waves which doesn’t travel very far in liquids[25].

The history of ultrasound dates back to 1794 when Italian physiologist Lazaro
Spallanzani discovered that bats navigate through the air using sound waves and
echo location. This discovery lead to further research in the field. In the 1880’s
Pierre and Jacques Curie discovered the piezoelectric effect which can be used to
produce ultrasound in a controlled way. A couple of decades later the catastrophe
of Titanic inspires Dutch physicist Paul Langevin to invent the first hydrophone
in order to detect icebergs and submarines. During the 1900’s the use for ultra-
sound in medicine developed. In 1942 a neurologist by the name of Karl Dussik
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used ultrasound to diagnose a brain tumour. This is regarded as the first attempt
to use ultrasound for medical diagnostics[26]. In 1953 Swedish physician Inge
Edler needed a way to look at the hearts mitral valve without having to resort
to surgery. He hoped to find a noninvasive method to study the heart, thus en-
able a correct diagnosis before having to operate on the heart. At the same time
as Edler was hoping to find this method, Carl Helmut Hertz was working as a
graduate student at the nuclear physics department at Lund University. He had
an interest in ultrasound and was therefore also studying that. Hertz and Edler
met and together they borrowed an ultrasonic reflectoscope from Tekniska Ront-
gencentralen, a company based in Malmo. With that equipment they managed to
obtain well defined echoes moving synchronously with the heart beat. There was
also an interest to use ultrasound for obstetrics and gynaecology. Professor Ian
Donald pioneered in this field when he in 1958 described how a echoscope could
generate a two-dimensional display. This description sparked the interest of Bertil
Sunden who made a three week visit to Donald in order to learn more. Sunden
also studied if there could be any harmful effects by using ultrasound to supervise
pregnancies. He did this by using ultrasound in pregnant rats. His conclusion
was that there were no harmful effects. His resulting thesis constitutes the earliest
textbook on ultrasonography in Obstetrics and Gynaecology[27].

4.1.1 Physics

Speed, frequency and wavelength are central parts of Ultrasound. The speed of
sound is determined by the medium in which it is travelling. The speed in gases
are considered low when compared to liquids, which is in turn low compared to
the speed in solid material. Table 4.1.1 shows the speed of sound in different
materials.

Table 4.1: Speed of sound in different materials[28].

Material Speed [m/s]
Air 333
Average body tissue | 1540

Water 1510

Bone 3190-3406

The frequency of the sound wave determines how many times the wave os-
cillates when passing a stationary observer during a certain amount of time. The
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choice of frequency of the sound wave is very important when studying the in-
sides of the body. A high frequency will not travel as far into the body as a low,
but it will on the other hand return a better resolution. The wavelength of a sound
wave is the distance between two amplitude peaks, or two similar points on a
consecutive wave. The distance is often called A.

The above three properties are closely connected. A wave with the length 4
and the frequency f travels with the speed c. Thus:

c=A-f @.1)

and
A=—= “4.2)

Other things that will have to be taken in consideration when dealing with
ultrasound is absorption, scattering, reflection and acoustic impedance. The ab-
sorption of ultrasound by biological tissue increases with the frequency. Human
tissue is seldom homogeneous so the ultrasound will propagate in a medium that
consist of different type of tissue. When the beam goes from one type of tissue to
another, e.g fat/muscle or muscle/bone, the sound will reflect a little but might not
return to the transducer. The sound will scatter and the energy will be lost. This
loss is known as scattering. The largest loss in human tissue is however caused by
absorption. Sound wave makes the tissue move as it propagates. The movement
takes energy from the wave and converts the kinetic energy to heat. This is the
conversion that is known as absorption. The total energy loss from an ultrasound
wave in tissue consists of both absorption and scattering. It is called attenuation.
Absorption is however the leading loss of energy because about 75-95% of the
loss in tissue consists of absorption[29]. Absorption is in most tissues linear with
the frequency and the attenuation can thus be expressed in dB/cmMhz. The typ-
ical attenuation for human tissue is located in the range of 0,3-0,6 dB/cmMHz.
Bone however have considerably higher attenuation at 22 dB/cmMHz.

Acoustic impedance (z) is a measure of how much response a particle in a
medium will give to a wave of certain pressure. A mediums acoustic impedance is
determined by the mediums density (p) and stiffness (k). The acoustic impedance
is given by

z=p-c 4.3)

When a sound wave travels from a medium with acoustic impedance z; to a
medium with acoustic impedance z, a conflict will arise. Since there is a difference
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in acoustic impedance at the interface between the two mediums, the ratio of
pressure to particle velocity must change abruptly across the interface. This will
result in an extra wave travelling back into the first medium, a reflected wave. The
sum of the pressure and the velocity of the reflected and incident wave is the same
as the pressure and velocity of the original wave. From this the following can be
derived.

P, -1z

— = 4.4
P n+z ¢4

The ratio between the reflected and incident pressure is often referred to as
the amplitude reflection coefficient. This is an important coefficient for ultrasound
imaging as is determines the amplitude of echoes produced at boundaries between
different types of tissue[30].

4.1.2 Phantoms

Ultrasound phantoms are made in order to function as training equipment. The
phantoms can be designed to resemble both normalities and abnormalities. They
can be as advanced as an entire heart with all chambers and ventricles or a fetus
with all internal organs, or as simple as a single blood vessel in tissue. They are
commercially available, however they are expensive[31]. If one does not want to
spend a fortune on a commercial phantom, one can construct it.

Phantoms for ultrasound are generally of two types. One is made to resemble
tissue as much as possible. This means that acoustic properties such as speed,
acoustic impedance, attenuation, etc. are mimicked as close as possible. The other
type of ultrasound phantom is made to approximate the sonographic appearance
of tissue. This type is also often used for biopsy training aid. Phantoms made
to resemble tissue can be created from different materials. Some that are often
used are Agar agar with particles of graphite mixed in it, polyurethane foam, and
magnesium silicate gels[32].

As mentioned above agar agar is commonly used as the main ingredient in
ultrasound phantoms. Agar agar is a substance derived from certain algae. It can
function as a substitute for gelatin. It is cheap and rather easy to handle. Since
it takes on liquid form when heated it can be molded into almost anything. The
biggest asset is however its acoustic properties. The speed of sound in agar agar
1s 1516 m/s at 30°C, which is in the same range as of that in tissue and water. The
density is 1,05 kg/dm? (water has 0,9956 kg/dm>)[33].
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4.1.3 Obstetrics

When pregnant, parents may choose to undergo an ultrasound examination of the
unborn baby. In Sweden it is customary to supply one examination for free, but
Malmé and Lund chose to supply two. These two were performed in pregnancy
week 17-18 and 32-33. However because of budget cuts and privatizing of health
care this service might change in the future. It is however something that will not
be discussed further in this report.

At the examination at week 17-18 [34] the fetus femur and skull is measured in
order to determine how old the fetus is and when it will be born. Other things that
can be seen are possible abnormalities in the fetus development such as missing
extremities or split lips.

Doing the examination earlier than week 17 is not much use since the fetus
is too small and the skeleton is hard to perceive. At 13 weeks the fetus is about
7 cm, extremities are developed[35] but it’s hard to get a good view of the femur
which is only about 13 mm large. At this age the fetus grows rapidly as well[36].

4.2 The ultrasound fetus

4.2.1 Goal

The goal of this experiment is to construct an ultrasound phantom in the shape of
a fetus. The fetus shall look as life like as possible so that the children easily can
identify it and learn something from it. It is also an aim to construct it so that it
will last for at least a year.
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4.2.2 Equipment

modelling clay

latex (formlatex)
agar agar

graphite powder
sodium bensoate
plastic chip for femur
plastic beads

balloon

latex string

4.2.3 Method

Figure 4.1: The model (to the left), the first molding (in the middle) and the second
molding (to the right).

First a fetus model out of modelling clay was made. Since the containers
at Vattenhallen holding the current ultrasound phantoms aren’t very large it was
decided to keep the phantom rather small. The finished model has the size and
shape representing a fetus about 13-14 weeks old. When the model was done the
task of painting it with layers of form latex started. The purpose of this was to
create a latex molding that could be used to mold the phantom. The first mold
was painted with 5 layers of latex and then let to dry for a day. The latex proved
to be not completely dry so it stuck to itself in some parts of the molding. It
was also noted that the models feet were to close together so the latex could not
be removed without making damage to the feet. The model actually lost one
leg when removing the molding. This leg was glued back on but with a slightly
different angle separating the feet a bit more.
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Since the first molding was not intact it was decided to make another one.
Molding number two received 10 layers of latex and was left to dry for five days.
The second molding was sturdier and easier to remove. After removal both mold-
ing and model were intact. The moldings together with model can be seen in
figure 4.1.

The phantom would be created out of agar agar. The recipe was given by
associate professor Tomas Jansson. A mixture containing 40 g agar agar per litre
water was heated to 95°C during rigorous stirring. It was then left to cool to a
temperature of 45°C and then poured into the first molding with thinner latex.
After a couple of hours the latex could be removed. It proved difficult to remove
the phantom from the molding and still keeping it in one piece. The hopes were
that the second molding, which had kept its feet intact during the removal, would
work better. A new attempt was made. This time 40 g of graphite particles per litre

Figure 4.2: Plastic femur, 13 mm  Fjgure 4.3: Beads inserted into the
long. back.

water were added to the agar agar mixture. Adding the graphite ensures that the
attenuation in the agar agar will be 0,4 dB/cmMHz, which mimics average human
tissue[37]. When the mixture had cooled down, a couple of spoonfuls of sodium
bensoate were also added in order to conserve the phantom. Both moldings were
used. After a couple of hours it was attempted to remove the phantoms from the
moldings. It was now noticed that although the second molding was of better
quality, the thicker layer of latex made it increasingly more difficult to remove the
phantom in one piece since the molding was so rigid. The legs fell of from both
phantoms yet again. They were glued back on with warm agar agar.

It was quite clear that the phantoms were rather fragile, since they broke again
during testing. They produced an ultrasound image, but they were sensitive to
rough handling. In order to get around this problem further work on the design
were made. New phantoms were molded, this time with a piece of plastic in their
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thighs representing the femur (figure 4.2 and a string of beads to mimic a spine
(figure 4.3. The phantoms was also given an umbilical cord (figure 4.4 and figure
4.5) of latex attached with warm agar agar to the navel (figure 4.6), and was then
put in a balloon filled with water representing the womb.

Figure 4.4: Umbilical cord in the  Figure 4.5: The finished umbilical
making. Four layers of latex. cord.

Figure 4.6: |
Phantom with umbilical cord.

However, the first phantom with an umbilical cord to be put in the balloon
unfortunately lost its umbilical cord and it was not possible to fasten it again
without ruining the phantom. The second phantom kept its cord but when it was
left to cool down it was placed head facing downwards. This resulted in a dent in
its forehead and a slightly strange profile. The balloon was filled with water to the
size of about a large grapefruit. The exact size of the womb containing a fetus of
13 weeks is hard to determine since it varies between individuals.
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Figure 4.7: The first phantom after a couple of days.

4.2.4 Result

Phantom number 1 (figure 4.7) lacked both graphite and sodium bensoate. It was
also left out in the open after it’s making so it shrunk. After this attempt it was
learned to have both graphite, sodium bensoate and to keep the phantom in water.

. Figure 4.9: Legs have been glued
Figure 4.8: The two second phan-  pack on but the feet’s could not be
toms. Notice the absence of legs. saved.

The two second phantoms (figure 4.8) got air bubbles, and lost their legs.
They were tested with the ultrasound machine and showed a good image. Their
legs were glued back (figure 4.9) on with warm agar agar, but the mending proved
weak against handling.

Phantom number 3 (figure 4.10) was put in a balloon for testing if it could be
possible to get a good image through a balloon.

Phantom number four (figure 4.11) received a 13 mm long femur made of
plastic (figure 4.2), a spine made of beads on a string (figure 4.3) and an umbilical
cord (figure 4.4, 4.5 and 4.6) and was attached inside a seethrough balloon. The
mixture used for the final phantom that hopefully will be used at Vattenhallen has
the following recipe:
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Figure 4.10: Phantom number  Figure 4.11: The finished phan-

three inside a balloon. tom.

2,5 dl of water

10 g graphite particles

10 g agar agar

2 table spoons of sodium bensoate

The pictures for figure 4.12, 4.13 and 4.14 were taken at Vattenhallen using
the ultrasound machine they have there. They show the final result.

46



Figure 4.12: Profile image of the =~ Figure 4.13: The umbilical cord
phantom. is at the top of the image.

Figure 4.14: The spine are the spots in row at the right side of the image.
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4.2.5 Discussion

This experiment started out as a trial and it was rather unsure whether or not
we would have time to realize it. Therefore the clay model was made mostly
as a test. In hind sight it might have been better to make a model of an older
fetus about 17-18 weeks since this is the time when the real ultrasound imaging
occur for pregnant parents. This could be more pedagogical for the children trying
the experiment. However, keeping the model small also made it easy to keep
extremities close to the body and thus making a better molding. Also keeping
the molding as compact as possible ensures better robustness to the phantom.
Research then showed that to mimic the acoustic properties of tissue with agar
agar, graphite was needed. We were also slightly upset to see how easily it was to
break the phantom. This worried us since we had hoped that they would survive
at Vattenhallen for at least a year. Hopefully the balloon will protect the phantom
a bit more, and will also give realism to the phantom since it now has a womb that
can be seen on the ultrasound machine.

We cannot guarantee that the phantom will survive, but it is fairly easy to
create new ones. Maybe the model can be redone as well as making it a bit older
and keeping in mind how legs and arms are positioned. If the model and molding
is to be redone, it is also recommended to keep the latex thin. Five layers means
trickier handling (getting it off the model and handling the molding with liquid
agar agar in it), but in the end it is far easier to remove the finished phantom. One
must keep in mind to let the thin latex molding dry completely though since it will
stick together at removal otherwise.

Fetus skeleton is soft and does not give rise to such high reflection as older
bone. Therefore it was decided to use a piece of plastic. We were initially worried
that the piece of femur and spine would be too clear and easy to spot on the
screen, however this was not the case. They are visible but it can be a bit tricky
to find them. We think this enhance the experience and makes it feel more real.
It might also interest the visitors to try and find both the femur and the spine. If
more visibility is desired perhaps chicken bone can be an option since it’s highly
reflective.

Giving the phantom these attributes, spine, femur, umbilical cord and womb
proved to be a great idea since it really made the whole thing look and feel a lot
more real. We also feel that the phantom is robust enough to survive Vattenhallen
as long as it is kept safe in a tank of water.

When testing this experiment we found it to be quite interesting and fun. It
was exiting trying to find the spine and the femur. The fact that the phantom
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looks quite lifelike made it feel real. During testing it sometimes felt as if the
phantom really moved. We feel that the effect became truly great. We do hope
that the visitors trying the phantom out will feel just as excited as we did when
we managed to get a good image of the fetus, see its womb and umbilical cord.
We hope they will think it is fun trying to find the spine and the femur since it is
quite hard, but not at all impossible. And of course we also hope that the phantom
won’t break.
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Chapter 5

MRI

5.1 Introduction

Magnetic Resonance Imaging is a technique used primarily in medical treatment
in order to receive high resolution images of the inside of the body. It is based on
the principles of nuclear magnetic resonance.

The technique is not very old compared to others such as EMG measuring or
ultrasound, but it has developed rapidly[38]. In 1946 Felix Bloch and Edward
Purcell both independently discovered that when a certain nuclei was put in a
magnetic field it would absorb energy in the electromagnetic spectrum and then
release the same energy when put back in its original state. During the years
between 1950 to 1970 nuclear magnetic resonance (NMR, was the old term for
MR; later the nuclear was dropped) was developed for usage on chemical and
physical molecular analysis. In 1971 Raymon Damadian showed that cancerous
tissue had longer excitation time than normal tissue. Damadian believed he had
found the ultimate way to detect cancer[39].

Magnetic resonance imaging was demonstrated for the first time in 1973 in
small test tube samples by Paul Lauterbur. In 1975 it was proposed to use phase
and frequency encoding and Fourier transform for magnetic resonance imaging.
This technique is the basis for the one used today. Further development was
made in 1977 when an echo-planar imaging technique was introduced. This in-
troduction led to a development where images could be produced at video rate (30
ms/image)[40].
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5.1.1 Physics

MRI records a radio frequent signal from the nuclei in the body. The most com-
mon nuclei would be hydrogen. The name nuclear magnetic resonance is, to be
entirely correct, the name of the physical phenomena that is used in MR. Nuclear
because it has to do with nuclei, magnetic since the nuclei is suspended in a pow-
erful magnetic field and resonance comes from the fact that the nuclei will spin in
the magnetic field according to the pulse that the MR camera is emitting, this will
enable them to absorb the energy[41].

When a patient goes through an MRI she is put in a strong magnetic field.
The strength of this field can be between 2000 to 60000 times stronger than the
magnetic field of the earth. Then a short pulse of radio waves is directed from the
MR camera into the patient. Inside the patient, some of the hydrogen nuclei will
absorb energy from the radio pulse. Since the energy can’t stay in the hydrogen
for long they will induce a radio signal of their own, picked up by a receiver. The
signal will weaken with time as the nuclei returns to its initial state. Several pulses
will give rise to several signals that can be computed into an image[42].

5.2 The MRI experiment

5.2.1 Goal

This will be the largest experiment of the exhibition. The goal is to construct a
software program that can later be integrated into the construction of the MR-tube.
The tube itself will not be constructed during the time of this work.

5.2.2 Equipment
LabVIEW

5.2.3 Method

During the reference group meeting it was promised that images would be deliv-
ered so that they could be used in the MRI tube. Promises of an old CT shell
were also made. Since the shell would not arrive until January at the earliest it
was decided to only make the software for the experiment. Since the promise of
the CT shell had been made, it was also decided to make the tube into a combined
MRI/CT machine.
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The idea is that when a person lay down on the slide and then slide herself into
the tube it will start sounding like an actual MRI machine, although not as loud.
Inside the tube there will be a screen showing either a MR image, CT image or a
combined MR/CT image. There will be sensors in the tube monitoring where in
the tube the slide is. The image that is displayed will correlate to the sensors and
show pre-set images of the part of the body that is in front of the MR-camera at
the moment. It is the program showing these images that has been constructed.

The program was made with LabVIEW. Since the tube doesn’t exist at the
moment it is hard to tell what type of sensor will work. It will probably be a sensor
that give a voltage output. This output should change depending on where in the
tube the slide is. A possible sensor for the job could be a potentiometer. With
this in mind the software program were constructed with a control simulating the
potentiometer. Sliding the control, slides the image currently displayed.

5.2.4 Result

The program works as intended. It should be easy to change later on so that the
input comes from the sensors in the tube and not from the program. The images
used currently has been taken from the net, but they can also easily be swapped
into other images.

|||||

sssss

ssssss

Figure 5.1: The finished program showing a MR image.

5.2.5 Discussion

During the reference group meeting the hopes for the MRI-tube got sky high since
we were promised so much help with images, sound and information. Not to
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mention the fact that we could get our hands on a real CT-shell. When we later
tried to contact those who had promised to help, they did not have time to respond.
The program in it self is quite simple (figure 5.1), but it does what it is supposed
to do. It displays an image according to a specific input. We chose the bar since it
scrolls between 0 and 10 with the intention that this bar could easily be substituted
in the future with the sensor that is finally chosen for the tube. Had we had more
time it might have been fun to build a small model of the tube with a sensor
implemented. In the future the virtual buttons that are at the moment represented
with boolean lamps will have to be replaced with physical buttons inside the tube.

We have not taken the sound in consideration when doing this program. How-
ever we feel the easiest solution for the sound would be to just connect it to the
sensors. When the sensors output are above a certain level, indicating that the
slide is in the tube, the sound goes on. When the sensors go below a certain level,
indicating that the slide is outside the tube, the sound goes off. This should not be
hard to implement if the sound is ever received.

We do believe that when this experiment is up and running, with a real CT-
shell, real images and real MRI-machine sound, it will be a very memorable one.
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Chapter 6

Overall conclusions and future work

Working on this thesis have been fun and challenging. We hope that Vattenhallen
will find this thesis to be a good foundation on which to base the construction
of the exhibition. We believe that our goals have been met when it comes to
providing information and experiment ideas that the visitors will find fun and
interesting.

It may be that not all of the material will be used. Or that some of it will be
changed. Some posters could be replaced with power point slides and displayed
on screens for example. The experiments that are not yet built might have to be
changed completely or removed from the exhibition all together. The laborations
has not been given as much time and can certainly be developed further.
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1. At the hospital
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2. Tissues

The following link collection shows where anatomical models can be found.

Anatomical models:
http://www.easyteach.dk/shop/torso-3c1.html
http://waldemarlarsson.se/products/category/organmodeller/
http://www.organum.se/index.php?page=shop.product_details
&flypage=flypage.tpl&product_id=113&category_id=21&
option=com_virtuemart&Iltemid=1

Movie props:
http://www.bjwinslow.com/

Contact information to the artist who created the model of a brain at Livets Mu-
seum.

Artist Mats Nilsson

Phone: 0760 931522
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3. Ultrasound

Vi manniskor har ett hérselomrade mellan 20 och

20 000 Hz. Ultraljudet ligger pa éver 20 000 Hz vilket
gor att vi inte kan héra det. Daremot kan bland annat
fladdermdss och delfiner hora det och anvander det for
att kommunicera och hitta mat.

Ultraljudet i sig ar ingen Lundensisk uppfinning, men daremot att
anvanda ultraljud inom medicin, sa kallat diagnostiskt ultraljud, &r
nagot som stammar fran Lund. Inge Edler var hjrtiakare vid Lunds
lasarett och efterlyste en metod att kunna undersoka hjértat utan
att behdva utféra kirurgi. Tillsammans med professor Helmuth
Hertz fran Lunds universitet utvecklade han 1953 ekokardiografin
som blev den forsta kliniska anvéndningen av ultraljudet.

Det forsta ultraljudet av Inge Edler och Helmuth Hertz.

Hur fungerar ultraljudet?

Fér att forsta det maste man ha lite kunskap om ljud. Ljud
bestar egentligen av vagor som breder ut sig | ett medium. Nar
Vi pratar vibrerar vara stimband, vibrationen ger upphov till en
vag som sétter luftmolekylerna i svangning vilket ger ett ljud.
De hér vagorna beter sig lite olika beroende pa vilket medium
de breder ut sig i. Till exempel later ju ljud i vatten annorlunda
an i luft. Alla som har hort ett eko vet dessutom att ljudet kan
studsa. Det hander nér ljudvagen slar i ett hardare medium &n
det som den rorde sig i fran borjan, da studsar vagen istallet for
att absorberas. Prova sjalv att prata i ett helt tomt rum eller i ett
rum med mycket mattor och gardiner i

Ultraljudet skickar med hjalp av transducern in ljudvagor i
kroppen. Eftersom det inuti i kroppen finns vavnader med olika
akustiska egenskaper (ljudet studsar, eller absorberas olika
mycket) kommer ljudvagen att studsa tillbaka till transducern
och med hjalp av lite bildbehandling kan dessa ekon
omvandlas till en bild.

En sadan hér bild var frmodiigen
en av de forsta bilderna din mamma
och pappa fick se av just dig.

Ultraljud &r en icke-invasiv metod, det vill saga man behsver
inte 3ppna upp kroppen for att titta in, och &r darfor en
underskningsmetod som anvands mycket inom medicin. Med
ultraljud kan man titta pa i stort sett alla organen i kroppen,
man kan titta pa blodkarlens tjocklek, blodfldet, leta efter
tumérer och titta pa foster.

Fér att kolla om det finns en forhdjd

risk fr Downs syndrom kan man
mata bredden pa den vatskespalt
som finns vid fostrets nacke, det
Kallas nackuppklarning. En av
manga saker som kan kollas pa pa
fostret far att se sa att utvecklingen
gar framat som den ska.

Stillbild av ett friskt hjarta.

Den vita flacken som syns i vanster
kammare &r en klump av levrat
blod, en sa kallad trombos eller
blodpropp.
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Tekniken har gatt framat vad géller
avbildning och idag kan man med
lite tur fa riktigt fina 3D bilder pa
insidan av kroppen.

Till héger syns en profilbild av en
bebis. De roda linjerna ar det omrade
som syns pa 3D-bilden till vénster.



Hur fungerar ultraljudsmaskinen?

Den forsta ig pa tekniken bakom en Kanske:
"Hur uppstar ljudvagorna?”
Svaret ar piezoelektricitet.
l detenrad
a ng laggs over det, och o ~
positiv spanning laggs over det ng P ancra hale, d.ve. matoialt
genorerar on positiv spanning ‘och on nogai —
. Sa genom man fa dematt [ | (. e
vibrera upphov til g spii @ pos st
Givarens uppbyggnad
Det finns ett par alla &r att
Piezoelektrisk- platta, ger
platta = Lins har en nackdel i att den har ungefar
ganger i ijamf Detleder till att en stor del av ljudvagen
okt Teflekteras mellan vavnad och givare
fedare Matehing-
foger Baraca20% ekteras.
get att stanna kvar och skapa
Backning- en ngt efter upphort.
lager upp! ingning g
igt daligt uppidsning. Men
A-mode, B-mode och M-mode.
Bildor kan atergos | A-mode, B-mode, M-mode och 3D.
Sa hur far man en bild da? s och inmebr att mtensitet
nér ekot skickats i i kroppen kommer judet att sprida sig in i kroppen till ett visst -
den frekvens. sig av. En hag frekvens. sy skapas far 9 - Jumer

har en kort vaglangd och kommer inte 53 djupt in i kroppen men ger & andra sidan en
bra upplosning av signalen. En lag frekvens har en lang vaglangd och kommer langre
ini kroppen men ger samre upplosning.

om.
tvarsnitt av kroppen och tittade med egr
att det kan anvandas for att skapa bilder i realtid

o

man
na 6gon. En annan fordel med B-mode ar

styr hur de pi och viken typ av
ut. Nar vagen gatt o mot
ype skickas de
upphov tll .
Sedan ultraljudsmaskinen tolkar. Beroende pa hur mycket av vagens -modo bid av et ot
vakna ut var | kropper fektorad Memode str fx malon mode och anuands o atvisa do emporala
bygga upp en bid.
Gk o och don s den Dot g e syt o ot vBmadon 10
sigi forhallande tl givaren.
Ekot fran efterfoljande Féirdig bild.
pulser adderas. otk apusonaten
A-mode star for
Dot anvins ook sl deg Dot ko anvanens o on ogramirs besiimeing
* tid d De tidg:
Grfisk rproseriation pd
avAmode :
Varje elemenl ‘skickar
uten ljudvag.
Typer av givare 1
a
et s beroende pa vad och var i
roppen man Vi ita. En I gvare,  exempel,anvands nae man vil tha pé vaunader
Togar nira yian Koppan i vankt Rrand b k. En i e I o rkang |
p. Dessa ¥
Gvar arvandsda ran i Stode bokroionan. 1 on s g ks snaen n o
kit lement  tage, Naren uishar sans v ungeraren grupp avancr elment som
motiagare N fran denna grupp
il na bor jvare 3 den fasade
givaren. | denna givare sprider sig stden alid  soffaderiorm. Tl skilnad ran | onnr ghvare
ning oc  av ement i e fasad givare. Man kan  Linjar givare, Kurvormad Fasad givare, har med
yargivare genom att tyra nar diveras. med fargdoppler. unvformad linjar givare. fargdoppler.
Fargdoppler
Det finns aven nagot som kallas fargdoppler. DA kodar
Dopplereffekten man den ppma rekvensen med en arg. Vanlgivis
Alla har nog markt nar en Iater man biatt betyda att bodet a

ambulans Kor forbi kan

orelse | jamorelse frekvensen fran judkailan.
Dopplerskifte & det som uppstar nar fudkallan ror sig bort fran etekiom. Da kommer avstandet mellan
lagre &n den utsanda. Storleksordningen pa

or sig. Tack vare detta

dopplerskiftet ar proportionell mot
att

rorelse.

Figuren visarprincipen
for dopplereffkten. Nar
blod

H

it Takeneen
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b vig mot gharen

Kontinuerligt och pulsad doppler.

pler kan sand: i pulser.
innebar att man hela tiden sander in en vag och far en lika dan tilbaka.

Kontinueriigt doppler gor det mojiigt at studera snabba fioden eftersom
det inte f a ‘dock kan man a

djupet eller bestamma en exakt punkt man vil titta pa. Kontinuerigt
doppler Aterbildar alt | dess vag. Med pulsad doppler har man méjlighet
ingtin i kroppen

hamna.

ppler innel in en puls

pé ekot innan man skickar in en ny. Detta ger begransningar vad galler
hastigheter. Darfor ar det inte rekommenderat att anvanda pulsad doppler
‘om man vil lta pa

g4 fororad mellan pulsor.




4. The way through the stomach and bowel system
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S. Key hole surgery
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6. Your fantastic body

STORHETSTAVLAN

vila siar hjartat omkring 50 slag
Vid hard anstrangning kan det
sla upp till 200 slag i minuten.

n vuxen manniska har ungefar 5 ter blod |
hiartat | Karisystemet. Beroende pa hur
olika fort.

. EnSaringandas med

3 ca 20 andetag | minuten
SER— st r de vuxna lungoma *4
vager i snitt 1,5 kg lika stora som en 1.5 lters laskflask 0%,

Detfinns ca 400 mifjoner
lungblasor | varje lunga.

kroppen innan den kommer ut igen.
P4 vagen passerar den munnen, X som kal £
‘magen, tunntamen, tiocktarmen och 3 5 Konsistensen inuti lungan
om . kanns te som tvaitsvamp.

skulle lungan tacka en tennisplan.

| munnen sitter tre spottkartiar som til
ucerar 1-1,5 lter saiiv varje dag. Syreupptag i Koldioxidavgift
(mimin) (mumin)

Vi 250 200
saltsyra som hi
bryta ner maten. Det gor att pH i r Gang 1000 800
pa 1,5-2. Destillerat vatten har Sprang 4000 3200
Total Frekvens  Antal lter
cirkulation av  (andetag per  som byts vid
luft (Vmin)  minut) varje andetag.
Via 5 10 05
Gang 20 12 17
‘Sprang. %0 30 3
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130 miljoner av kroppens alla sinnesceler finns i ogat.
Det ar ungefar 70% av alla sinnescellerna i kroppen.

0 fter i sidan 1.5 tl 2 ter
‘man kissar ut. Mangden beror
P4 hur mycket man druckit under dagen.

lpart
Urinblasan rymmer 3-4 d, men kan
i nddfall t6jas ut tll att ymma fte til.

Huden ar koppens storsta organ.
skulle den kunna ticka en kvadrat v

huvudet finns det ungefar 1 mijon
harsackar. De lénga harstrana vi har pa toppen
‘av huvudet arungefar 100 000 st.

Harstrar nag
Oika har pé kroppen har olka langa harcyklar.
X ar lang.

nytt borjar vaxa i den tomima harsacken.

Den tunna fjuniga haret $om vi har dver hela kroppen
ren ‘som &r 27 dagar lang. Det ar darfor dessa
har aldrig biir sarskilt 13nga.

Vh.
som 10m/h i timmen.
3 Naglar och hér bestar av sar terial.
bara 0.5 mm En nagel vaxer 1-2 mm.iveckan, allisa 0,00001 m/h.
tjock. Tjockas hud finns pa halama, 4mm Lika snat alltsa.
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7. The EMG-controlled hand

EMG och proteser

EMG, eller elekiromyografi, som det star for 4r vad man Kallar de elekiiska
it muskderna drar ihop sig. Vi kan allisé

form av en

i i
jem. Nar signalen
‘séga till alla muskelfiber att dra ihop sig. Detta i sin tur genererar en storre signal
2 3 fiffige
P sig istyrka
beroende pA

Elektroderna fasts p& den delen av armen som & kvar och genom att spinna

usklerna kan man oppna eller stnga sin protes. Beroende pd hur pass
avancerad protesen ar kan man styra fler fingrar och skapa olika grepp. En del
proteser har aven sensorer som Kanner av om foremélet man haller | haer pa att
glida loss, nar detta sker s& stramar protesen automatiskt om greppet utan att man
sjélv behover gora nagot.

Bada ar 3

a

At protes med bra precision  greppet.
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Smart Hand, en smart protes

I Lund har det pagétt ett forskningsprojekt som kallas Smart Hand. Smart Hand &r ett
EUprojekt och manga internationella forskare ar inblandade. Malet med handen &r att att
skapa en protes som ser ut och k&nns som en riktigt hand. Det som gor Smart Hand unikt &r
protesen ska kunna ge kénsel feedback till anvéndaren. Just denna biten &r nagot som
forskare har p LTH har utvecklat.

Skiss over hur Smart Hand
kopplas tll stumpen.

Manga som férlorat en hand kénner fortfarande av négot som kallas fantomsméirtor, Det
innebér att man kanner av smarta i den delen som inte langre finns. Man har upptackt att
det gér att kartldgga var nagonstans pa stumpen som fantomsmértorna &r lokaliserade.
Det betyder allts& att om man trycker p& specifika delar av stumpen kan personen med en
amuputation kénna det som att man tryckte pé ett finger eller en hand som inte langre
finns. Just detta utnyttjar Smart Hand.

Smart Hand provas pé riktigt.

Nar man greppar nagot skickar handen signaler som kopplas till ratt del av
stumpen och man upplever da kansel i sin protes. Just det har att
protesen formedlar kansel kan dels avhjalpa fantomsmartor men aven
hjalpa personen som forlorat en del av sin kropp att ta till sig protesen som
en ny del. Annars ar det vanligt att man ser protesen som nagot
frammande och aldrig en del av sin kropp.

Pé armstumpen har man kartlaggt var kénslen for fingrama
befinner sig

God dag, God dag!
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8. ECG

EKG - Vad é de™?

EKG, eller elektrokardiografi som det egentligen star for ér ett sitt att méita aktiviteten | hjartat.
Som namnet antyder handiar det om att mata de elekiriska impulserna i hjartat som far det att
dra i hop sig i varje hirtslag. Men hur fungerar det da?

Vi bérjar med att titta lite pa hjrtats anatomi och det
elektriska retiedningssystemet:
Ett hjarta ér uppbygg

Kallas: Hog . hog
noger

syrefattigt blod fran som sedan pumpas
are til

kroppen
il den hogra kammaren. Dér leds det
lungorna som syresatter blodet och skickar det
il vanster formak. Fran vanster formak kommer
biodet tll vanster kammare och sedan ut  kroppen.
Hartslaget ar en process, under tiden som
kamrama toms fyls formaken upp. Nar formaket
& fullt och kammaren tom ppnas ki

ér emellan och blodet fiyter igenom. Det &
judet fran nar Kiaffama 6ppnas och stangs som
vifor

E

ut sig och
‘om man har nagon form av problem med hiartmuskel. Med EKG.

Den hi figuren visar en typisk EKG-kurva. Har man nagot
problem med hjartat kan det visa sig pa kurvan genom att
visa toppar antigen forsvinner eller forekommer flera ganger.

R
RS visar hur kamrama drar ihop sig.
Signalen lamnar AV-noden och fardas tll
. i en. Dér forgrenar den sig | hoger

P-vagen innebr att signalen har vanster skéinkel for att tll sist ga ut i
boriat i i kamvarna
formaken att dra ihop sig depolariseras, s4 repolariserar sig formaken

igen.

P T

Q T-vagen uppkommer nar kamrarma

Fran sinusknutan fortsatter impulsen
repolariserar sig igen.

il AV-noden dar den stannar upp i 0,1
s att formaken hinner t6mma

sig ordentligttl Kamrarna. Tiden som gar s

fran det att férmaken dragit ihop siq tl det att

siganlen lamnar AV-noden kallas PQ-td

De olika boksté
ror sig genom hjértats retledningssystem.
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Det ar vikigt at il sker i ordning. Formaket
ska vara fullt och kammaren
Kiaffen Gppnas. Det ar har retledningssystemet

tom innan

Hoger och vanster
kankel med purki

uppbyggd a
pacemaker celler. Dessa celler Kan depolarisera sig

att ala celler gar igenom en

Vanligen nar man gor ett EKG pa sjukhuset sa
sats 6 elektroder over brostet, 1 pa varje handied
‘och en pa varje vrist.

B0

{/

S

$
S
\
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gar upp g
hjértat och skriver ut en kurva. Toppaa i kurvan visar
var i retledningssystemet den elekiriska impulsen




Lite mer om avledningar

 regitreres vid et EKG ar egentigen summan av potentalskinaderna

uppstar nar hjartat depolariseras och repolariseras. Dessa summor biir
Tosulloranda veklorar At man pi EKG Kurvan fr bade positva och nogativa
amplituder beror pa att de resulterande vektorema ar riktade at olika hall. En
negativ amplitud innebar att vektom ar riktad fran elekiroden och en positiv
amplitud betyder att vektorn ar riktad mot elektroden.

Varfor behovs det sa manga elektroder?
Hjsrtats plan.

Anledningen til att man
Fungergar som voltmetrar. har manga oloktroder ar
for att man ska kunna
iasahu atviclon
breder ul sig i hja
Hiarta kan dolasin  oika
plan.Transversaipanet,
sagitalplanet o
fronilplanct Et vaniot

Elektroderna fungerar som voltmetrar och Sagtalplanet
Iéser av den clekiriska aktiviteten. For att

in ska kunna jamfora EKG fran olika
person och ven kunna folja upprepade
métningar fran samma person ar det

i at lerodema placeras pa

amma stalle. For att man allid ska satta
clektrodema p4 samma plats har man
bestamt ett antal aviedningspunkter

Frontalplanet

Unipolart eller bipolart? pa‘dr"v.:vlm)v hﬂ kallas
S e S
s e o Soamngen 131 J—

Wilsonelektroden

Aviedning Il

Aviedning Iil
De racken visar
VR Vokior ks mot gul

Elektrodavledningarna har
egna namn.

iv EKG aviedningama ar
intmationell standardsorado och har
‘egna namn. De bips
ex(rem\(e\;au\vdnmqlmavaH«&\ n De
och Il. De unipolara mater L. Gl och oo oppl
extremitatsaviocningama kalas avR iman, och rod biir referens.
‘avL och avF, och brostaviedningam Den resulterande vektorn ar rik
Kallas V1-V6. mot r5d.

cken visar hur man

strécken visar
hur man kopplar samman elektroderna

o att mata avF. Den resulterande vektom
riktas mot jord.
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Signalbehandling av formaksflimmer

Sinusknutan

8

Hoger
formak

Vanster

Hoger
Kammare

Malet

Att extrahera it ion fran flit i

EKG

Ett hjrtslag startas av elektriska impulser. I ett
normalt fungerande hjérta initieras dessa im-
pulser i sinusknutan som sitter i hogt uppe i
hoger formak. Impulserna fortplantar sig sedan
genom formaken och vidare fill kamramna.
Muskelcellerna i hjértviiggarna  aktiveras v
dessa impulser som far hjrtat att dra ihop sig
och pumpa blod.

EKG-signalen, som registreras med elekiroder
pé kroppsytan, visar hur den elekiriska akfivi-
teten fordndrar sig dver tiden. Varje hjértslag ger
upphov tll olika vagor som beskriver formakens
kontraktion (P-vigen), kamramas kontraktion
(QRS-komplexet) och kamramas 4terhéimtning
(T-vagen).

Signalbehandling

EKG-signalen som kan anvindas for att
utviirdera effekten av olika likemedel, ller
“forutsiga vilken typ av ling som

Eftersom har mycket storre
amplitud &n formaksaktiviteten &r det néd-

vindigt att forst separera dessa aktiviteter s att
iy Kan - 5

passar biist for varje enskild patient.

Flimmerfrekvensen ir ett matt som ront stort
intresse pd senare tid. For patienter med ligre
flimmerfrekvens ér chanserna storre att formaks-
flimret slutar spontant, och att behandlingen
dirmed lyckas.

Medicinsk signalbehandling

pa et
tillforlitligt vis.

Muskelakivitet, kringliggande elekirisk utrust-
ning och lossnande elektroder ger upphov till
brus i EKG signalen. Dirfor ar det viktigt att
hitta robusta metoder for att bestimma
flimmerfrekvensen och andra méit som beskriver
flimmervigorna.

Genom tid-frekvens analys av flimmersignalen
dir det mdjligt att beskriva hur formaksflimmret
dindrar sig dver tiden. Figuren ill hoger visar hur
flimmerfrekvensen hos en patient kan variera
'under en minut.

Institutionen for elektro- och Informationsteknik

Lunds Universitet
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Formaksflimmer

Formaksflimmer &r den vanligast forckom-
mande hjértrytmrubbningen, och cirka 6% av
alla Gver 65 ar drabbas. Formaken flimrar i
stillet for att dra ihop sig. vilket forsimrar
hjirtats pumpfunktion. ~Risken for stroke okar
ocksd markant, eftersom proppbildning i
formaken & vanligt. Behandlingen av
formaksflimmer syftar till att dterstilla normal
hjrtrytm genom  medicinering, elchock eller
mera sillan operation.

Orsaken fill att formaken flimrar 4r att de
elekiriska impulserna i formaken r defekta. Det
kan finnas Aterkopplingsloopar och/eller
ektopiska fokus som far dver sinusknutans
funktion i formaken. Vid formaksflimmer dr P-
vigoma ersatta av flimmervagor, sk f-vagor,
vars rytm ér oberoende av kamraras.

o © o o o o o
©w » 0 ® N » ©
(unw) awn

o
[Ny

0.1

4 6 8
frequency (Hz)
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9. Tinnitus
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10. Dialysi

DIALYS

Hemodialys &r ett sétt att rena blodet pa
patienter som drabbats av njursvikt, eller uremi
som det ocksé kallas. Njurarna &r en del av
kroppens eget reningsverk och de renar blodet
och hela vatskevolymen i kroppen, som ju
faktiskt ar 50-60% av kroppsvikten, fran
restprodukter som kroppen inte behver.
Nijurarna har &ven andra viktiga funktioner, till
exempel bildar de vissa sorters hormoner, hjalper
till att reglera blodtrycket, stimulerar produktionen
av réda blodkroppar och aktiverar D-vitamin. Allt
detta i ett organ som &r ungefar 10-15 cm stort
och format som en bona.

Den konstgjorda njurens fader kan
man nog séga ar Nils Alwall som var
professor i medicin vid Lunds
universitet mellan &ren 1957 till 1971.
Alwall var évertygad om att det basta
sattet att behandla patienter med
njursvikt var att anvanda dialys for att
rena blodet. Alwalls forsta forsok till att
rena blodet genom dialys skedde
under 40-talet. Hans forsta
dialyspatient behandlades i Lund den
3 september 1946.

Nils Alwall (till héger)
tillsammans med Holger
Crafoord framfér en
spiraldialysator. De lade
tillsammans grunden for
féretaget Gambro som
startade under 1960-talet.

Den forsta spiraldialysatorn fran Gambro.

I hemodialys tar man aven bort det dverflodiga vattnet
som bildas i kroppen nar njurarna inte fungerar som de
ska. Detta allas ultrafiltrering och man gér det genom att
skapa ett undertryck pa den sidan av membranet med
dialysvatskan. Undertrycket gér att vattnet pressas igenom
membranet och in i dialysvétskan.

Blodet pumpas ut ur kroppen till en

dialysator, den konstgjorda njuren. |

: dialysatorn renas blodet och sedan

) pumpas blodet tillbaka in i kroppen.
Sjalva reningen av blodet sker med osmos
genom manga halvgenomslappliga

) membran som finns i dialysatorn.

A Halvgenomslappligt betyder att de smé
slaggprodukterna i blodet, det vi vill bli av
med, inte har nagra problem att ta sig

9.  igenom membranet men lite storre
produkter t ex blodceller &r for stora for att
kunna ta sig igenom. Sa om blodet flyter
pa ena sidan om membranet och en
speciell vétska, sa kallad dialysvatskan,
flyter pa den andra sidan blir det en

Tappar njurarna sin funktion maste man hjlpa dem
antingen genom en njurtransplantation eller genom
dialys flera ganger i veckan. Oftast anvander man sig
av dialys i vantan pa en njurtransplantation.

Dagens maskiner fran Gambro.

Experiment att géra hemma:

Ta et &igg och ldgg i ett glas med Attika. Lat
sta ett dygn sa att det harda skalet IGsts upp.
Ar det nagon skillnad pa storleken pa agget?
Lagg sedan &gget i en sirapsiosning (en del
sirap och en del vatten) under ett dygn. Vad
har nu héint med storleken pa dgget?

I bilden nedan &r dgget til vanster et helt
vanligt &gg fran kylen, agget i mitten och till
hoger har legat i attika ett dygn, agget tll
hoger har sedan legat ett dygn i sirapsisning.

Nr dgget far ligga i attikan Ioses skalet, som
bestar av en stor del kalk, upp. Kvar blir den
tunna hinnan som finns under skalet. Den
kommer nu fungera som ett
halvgenomslappligt membran precis som i

i utanfor hinnan &r

av

- mellan det orenade blodet och den rena
dialysvatskan. Detta gor att
slaggprodukterna i blodet tar sig igenom
membranet och hamnar i dialysvatskan
och pa sa vis ar blodet som pumpas
tillbaka in i kroppen fritt fran
slaggprodukter.
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mycket hogre an i dgget alltsa kommer vattnet
att vandra in i gget vilket resulterar | att gget
svaller. Nar agget sedan laggs i siraplosningen
sa ar forhallandet det motsatta och vattnet
kommer darfor vandra ut ur agget vilket gor att
agget krymper.
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11. Microfluids

Mikrofluidik

tva spannande forskningsprojekt.

Att separera ut parasiter med hjalp av lab-on-a-chip.
Lundt )u":""S[;“hn Holm, Dr Jason Beech och Dr Jonas Tegenfeldt fran avdelningen fér Fasta Tillstandets Fysik vid

1 Afrka finns det en fluga som Kallas tsetse-fluga. Denna fluga
biter och suger blod fran manniskor. Detta i sig ar inget problen,
‘men tsetse-flugan bér vadigt ofta pé en parasit som ger den bitna

‘ménniskan nagot

parasiten i blodet, och

etack. Foall nderltia kan an canFugers et ot 8
inte centrifugeringen on

siit fa bort blodkroppar. D
kgt bra uppremng rin icolona

‘Soparering av blod och parastor.

Detta forskningsprojekt & &nnu inte helt kiart
‘och det finns myckel mer att gora inom

radet. Men med hjalp av dessa duktiga
lundaforskare kanske man in
kommer att kunna behandia och hjaipa alla de
‘som drabbas av sémnsjuka, aids, malaria och

t som Kallas somnsjuka. Somnsjuka ar en
sjukdom som leder tll doden om den inte snabbt behandias.
Problemet ar att det & svart at stila en snabb och korrekl

Nu har en forskargrupp i Lund bestaende av Stefan Holm, Dr
Fysik vid Lunds Universitet kommit pa

blodet enkelt pa bar
som Kallas mikrofuidik och lab-on-
later som. Ett komplet
att man later vatskor passera

‘genom valdigt sma rér. De

annoriunc
‘sma ror radar partilama i vatskan u
soldater pa ett torg. Med ett sadant ordnat flode.
paverka partikiara mycket mer. Detta kallas laminért iode.

Forskama i Lund har byggt upp chip som innehaler
sa kallade pelarskogar. Pa chippet har man d byggt
en samling hinder som far partilama i blodet att dela
upp sig pa ett specifikt sat. Pa grund av det lamindra
flodet kommer partilarma att ardas | bestamda
banor. Beroende pa hur man valjer att

hinderbanan kan man sedan styra och separera ut
specifika partiklar beroende pa storiek, form och
Kansisions.Ph chippet kan han sedan sortern
tusentals Geller varje sekund.

Jason
‘och Dr Jonas Tegenfeldt fran avdelningen for Fasta Tillstandets

ett satt som skulle kunna underiatia
sen, med deras metod skulle vem som helst kunna hitta parasiter |
a nagra minuter. | deras metod anvander man nag
ip ar precis vad det
1t itet aboratorium pa ett chip. Mikrofluidik innebar
6 som anvéinds
pa miniatyrlab ar oftast mycket mindre én ett mansKigt harsira i diameter.
(ar man later vatska passera i s smé ulrymmen beter det sig mycket
fot gor om man later det passera genom

sig och marscherar igenom som

kan man styra och

A TeoToofugn . 5. Purasionsom arsgor sk

1 on blodiropy

ot

ra ror. |

Ltramaci. Vit stas gorom do iusopita
thiama delar up s pd Gnskat st

Kan man hitta bakterler blod med ljudvagor?

Ettp

att blod ser ut som en vatska bestar det
faktiskt tll haften av celler, sa méanga som 5
sta av cellerna ar
réda blodkroppar som transporterar syre. De
i anledningen tl att blodet ar rot. Forutom
de réda blodkropparna innehaller blodet aven
blodplattar som laker sar och vita blodkroppar

‘som forsvarar kroppen mot virus och bakterier.

Ljudvagor trycker in
blodcellerna till mitten

Hur itar man bakterer med bl av ud?

Var metod gér ut p at skicka biodprow

genom on el kinel. | Kangen arincer v

oovagor or o ek el Kanns

milt. Bakterier i for sma for att paverkas.

av judvagoma, sa de bifr kvar vid kanalens
/aggar. Nar bakteriema val ar skilda fran

blodcollera kan vi samia upp dem or sig.

rojek
Cunds Tokniska HogeKs och Svanes Untvers

|ukhulll.und

Blod med bakterier
kommer in i kanalen
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homas Laurell fran

Vad hinder om man far bakterier | blodet?
Bakterier ska egentigen inte komma in

lodet, men om de lyckas ta sig n  blodet
Kan vi bl valdigt sjuka och riskera att d6 av
blodforgifning. | sa fal gallor et att snabb ta

1 gor man idag genom alt ta ett blodprov och
Iata bakteriena | det vaxa under en eller elt
par dagar sa att do bir tilrackligt manga for att
man ska kunna hita dom. Vi haller nu

utveckla ett st att sortera ut bakterierna direkt
ur blodet med hialp av judvagor for at kunna
hitta dem direki!

Bakterierna blir kvar
vid véggarna...

... och sorteras ut!

Vad hinder nu?

Metoden verkar fungera bra i forskarlabbet,

54 nésta steg ar att testa den pa blod fran
patienter. Om det funkar lika bra hoppas vi
kunna bygga en bakteriesorteringsapparat som



