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Introduction

This year has seen the highest number of graduations
(47) in the history of this Master’s Program in Biomedical
Engineering. | would like to acknowledge here Prof. Lutz
Nolte who had the vision and launched this study program
in 2006 within the Faculty of Medicine of our University
in cooperation with the University of Applied Sciences of
Bern, a unigue configuration in Switzerland.

The new curriculum designed and accepted by the faculty
in the previous year was put into practice and well re-
ceived by the students since a majority of them switched
from the old to the new one in March. In particular, a new
course in Ethics in Biomedical Engineering represents a
valuable addition to the complementary skills.

The Master in Biomedical Engineering was modeled into
the Kernsystem Lehre (KSL), the university-wide study ad-
ministration software that allows the study coordination
to manage all course and exam registrations and gives the
students permanent access to their credit status. Despite
a few delays and preliminary difficulties, the software
proves to be user friendly, fits our needs, and helps im-
prove our internal processes.

The BME day offered a brilliant microsurgical demonstra-
tion by the clinic of neurosurgery of the Inselspital and
was again a success confirmed by the participants from
industry, clinics and academia. | would also like to thank
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here the companies that have supported us over the years
and the study coordination for the seamless organization.

The improvements of the new curriculum confirmed by
the independent student evaluation brings the program
to an unreached level in selection of the themes, quality
of the training and manner with students. It suggests also
that the degree of complexity of the material is adequate.
This enjoyable state of affairs will not prevent us from
continuously guestioning our materials or methods and
keep our eyes on the evolution of the field as well as the
potential of new learning technologies.

Finally, I would like to express my full recognition to the
teachers of the program who are the ones who spend
the numerous preparation hours to realize our updated
mission statement: “train multidisciplinary engineers to
deliver scientifically-founded and sustainable solutions for
biomedical problems in research and industry”.

Please find enclosed a glance into the substance and out-
come of our daily work!

Philippe Zysset
Program Director
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Program Director

U. Jakob-Burger
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V. M. Koch e L | A Neuenschwander Salazar
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Structure of Courses in the Master's Program

The Curriculum

Since the start of the Master's Program Biomedical
Engineering in March 2006, the constant effort to im-
prove the quality of our curriculum has resulted in sub-
stantial changes of the course structure over the past
years. The first curriculum consisted of a number of in-
dividual courses that were either mandatory or elective,
but their coherence with regards to contents was in most
cases not expressed by a defined structure. However, two
major modules (formerly called “focus areas”) already
existed.

As of Fall Semester 2009, all courses were grouped in a
strictly modular way in order to enhance the clarity and
reduce the complexity of the curricular structure. A main
idea was to guide the students through their studies in a
better way by adding an elective part to the major mod-
ules, which formerly had consisted exclusively of manda-
tory courses. Besides, the curriculum was expanded by a
number of new specialized courses as well as an addition-
al major module called “Image-Guided Therapy”.

Adaptations in the legal framework of the master's pro-
gram are now offering more flexibility in the design of
courses and modules, thus providing the basis for a sec-
ond fundamental restructuration of the curriculum as of
Fall Semester 2013. In particular, a new module called
“Complementary Skills” is replacing the former module
“Unrestricted Electives”. In addition, the list of mandatory
courses in both basic and major modules was revised.

Duration of Studies and Part-Time Professional
Occupation

The full-time study program takes 4 semesters, which
corresponds to 120 ECTS points, one ECTS point being
defined as 25-30 hours of student workload. It can be
extended to a maximum of 6 semesters. When a student
decides to complete the studies in parallel to a part-time
professional occupation, further extension is possible on
request. To support regular part-time work, mandatory
courses take place (with rare exceptions) on only 3 days
per week.

Basic Modules

The basic modules provide the students with the neces-
sary background to be able to fully understand the com-
plex subject matter in the specialized courses. All students
with an engineering background (for all other students,
individual study plans are set up which may contain cer-
tain variations) have to complete all courses in the Basic
Modules Human Medicine, Applied Mathematics, and
Biomedical Engineering. In the first semester, all courses
belong to this group, whereas in the second and third
semester, the courses from the basic modules make up for
approximately 30% of the credits.
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Major Modules

The choice of one of three major modules Biomechanical
Systems, Electronic Implants, or Image-Guided Therapy
after the first semester constitutes the first opportunity for
specialization. The former major module “Musculoskeletal
System” has been adapted and renamed “Biomechanical
Systems”.

Approximately one third of the major modules consists of
mandatory courses. In the elective part of the major mod-
ule, the student is allowed to select any course from the
list of courses in the master’s program, providing a high
degree of diversity and flexibility and allowing for numer-
ous course combinations. However, this freedom makes
it somewhat difficult for the student to make reasonable
choices regarding professional prospects.

This is why the responsible lecturers developed a recom-
mended study plan to guide the students through the
course selection process and to avoid organizational prob-
lems such as overlapping courses. If a student follows the
recommended path, he or she can be sure to establish a
sound professional profile.

Module “Complementary Skills”

Apart from the rapid development of technology itself,
today’s biomedical engineers are increasingly challenged
by complementary issues like ethical aspects, project plan-
ning, quality assurance and product safety, legal regula-
tions and intellectual property rights, as well as marketing
aspects. Language competence in English is of paramount
importance both in an industrial and academic environ-
ment. This situation is accounted for by the introduction
of a new module called “Complementary Skills” where
students are required to complete two mandatory courses
(Innovation Management; Regulatory Affairs and Patents)
as well as 2 ECTS from the electives courses (Ethics in
Biomedical Engineering; Scientific Writing in Biomedical
Engineering; Introduction to Epidemiology and Health
Technology Assessment). If a student selects more than 2
ECTS from the elective part, the additional points can be
credited in the student’s major module.

Master’s Thesis

The last semester is dedicated to a master’s thesis project
on an individually suited topic in an academic research
group at the University of Bern or the Bern University of
Applied Sciences or, for particular cases, in an industrial
research and development environment. As a rule, all 90
ECTS points from the course program have to be com-
pleted, thus ensuring that the student is able to fully con-
centrate on the challenges imposed by exciting research
activities. The master's thesis includes the thesis report,
a thesis presentation and defense as well as a one-page
abstract for publication in the Annual Report of the mas-
ter's program.



Basic Modules (37 ECTS)

Major Module Major Module Major Module
“Biomechanical Systems” “Electronic Implants” “Image-Guided Therapy”
(45 ECTS) (45 ECTS) (45 ECTS)

Module “Complementary Skills” (8 ECTS)
Mandatory Courses (6 ECTS)

Elective Courses (2 ECTS)

List of Courses

e Biological Principles of Human Medicine

e Biomedical Sensors

e Biomedical Acoustics

¢ Biomedical Instrumentation

¢ Biomedical Laser Applications

¢ Biomedical Signal Processing and Analysis

¢ BioMicrofluidics

¢ Cardiovascular Technology

Clinical Applications of Image-Guided Therapy

Computer Assisted Surgery

Computer Graphics

Computer Vision

Continuum Mechanics

Cutting Edge Microscopy

Design of Biomechanical Systems

Engineering Mechanics

Ethics in Biomedical Engineering

Fluid Mechanics

¢ Finite Element Analysis |

¢ Finite Element Analysis Il

¢ Functional Anatomy of the Locomotor Apparatus

* Image-Guided Therapy Lab

e Innovation Management

e Intelligent Implants and Surgical Instruments

e Introduction to Clinical Epidemiology and Health
Technology Assessment

¢ Introduction to Digital Logic

e Introduction to Medical Statistics

Introduction to Signal and Image Processing
Introductory Anatomy and Histology for Biomedical
Engineers

Low Power Microelectronics

Machine Learning

Medical Image Analysis

Medical Image Analysis Lab

Medical Robotics

Microsystems Engineering

Modeling and Simulation

Numerical Methods

Ophthalmic Technologies

Osteology

Physiology (German)

Principles of Medical Imaging

Programming in C++

Programming of Microcontrollers
Regenerative Dentistry for Biomedical Engineering
Regulatory Affairs and Patents

Rehabilitation Technology

Scientific Writing in Biomedical Engineering
Technology and Diabetes Management
Tissue Biomechanics

Tissue Biomechanics Lab

Tissue Engineering

Tissue Engineering - Practical Course
Wireless Communication for Medical Devices

Master of Science in Biomedical Engineering 2014
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Major Modules

Biomechanical Systems

Prof. Dr. Philippe Zysset

The cardiovascular and musculoskeletal systems are the
transport and structural bases for our physical activities
and their health have a profound influence on our quality
of life. Cardiovascular diseases, musculoskeletal injuries
and pathologies are the most costly ailments facing our
health care systems, both in terms of direct medical costs
and compensation payments related to loss-of-work.

In this module, students will gain a comprehensive under-
standing of the multi-scale organisation of the cardiovas-
cular and musculoskeletal systems, combining knowledge
from the cell, tissue, organ to the body level. They will
learn how to apply engineering, biological and medi-
cal theory and methods to resolve complex problems in
biomechanics and mechanobiology. Students will learn
to draw connections between tissue morphology and
mechanical response, and vice versa. Students will also
gain the required expertise to apply their knowledge in
relevant, practice-oriented problem solving in the fields
of cardiology, vessel surgery, orthopaedics, dentistry, re-
habilitation and sports sciences.

The mandatory courses in this module provide the stu-
dent with fundamental knowledge of fluid and solid
mechanics, tissue engineering, tissue biomechanics and
finite element analysis. This provides an overview of the
functional adaptation of the cardiovascular or musculo-
skeletal system to the demands of daily living, and the
necessary conditions for its repair and regeneration. This
major module requires a prior knowledge of mechanics,
numerical methods and related engineering sciences, as
many of the mandatory and elective courses build upon
these foundations. Elective courses allow the students to
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extend their competence in a chosen direction, gaining
knowledge in analytical methodologies, medical device
design, minimally invasive surgery or rehabilitation.

Knowledge gained during the coursework highlights the
multidisciplinary nature of this study focus area, encom-
passing the cell to body, the idea to application and the
lab bench top to the hospital bedside. This knowledge
is applied during the final thesis project, a project often
with a link to a final diagnostic or therapeutic application.
Examples of recent thesis projects include the analysis of
rotodynamic blood pumps, the development of a moni-
toring tool for screw insertion in bone or the investigation
of collagen scaffolds towards anterior cruciate ligament
repair.

Career prospects are numerous. Many students proceed
to further post-graduate education and research, pursu-
ing doctoral research in the fields of biomechanics, tissue
engineering or development of biomaterials. Most of the
major companies in the fields of cardiovascular engineer-
ing, orthopaedics, dentistry, rehabilitation engineering
and pharmaceuticals are strongly represented within the
Swiss Medical Technology industry and continue to expe-
rience growth, therefore driving a demand for graduates
of this major module. At the interface between biome-
dical engineering and clinical applications, graduates may
also pursue careers related to the evaluation and valida-
tion of contemporary health technology, a cornerstone
for future policies on the adoption of these new methods
in the highly competitive health care domain.




Electronic Implants

Prof. Dr. Volker M. Koch

Electronic implants are devices like cardiac pacemakers
and cochlear implants. Due to miniaturization and other
developments, many new applications become feasible
and this exciting area is growing rapidly. For example,
cochlear implants provide already approximately more
than 320’000 people worldwide a sense of sound. These
people were previously profoundly deaf or severely hard
of hearing. Recently, researchers demonstrated that elec-
tronic retinal implants allow the blind to read large words.

There are many more applications for electronic implants
beyond treating heart problems, hearing loss or blindness.
For example, there are electronic implants that treat obe-
sity, depression, incontinence, hydrocephalus, pain, para-
plegia, and joint diseases.

In this module, students will learn about the basics of
electronic implants. This includes: signal processing and
analysis, low-power microelectronics, wireless commu-
nications, and MEMS technology. Application-oriented
elective courses are also taught, e.g., diabetes manage-
ment, biomedical acoustics, and biomedical sensors.

Since the development and manufacturing of electron-
ic implants is highly complex and since it involves many
different disciplines, it is not the goal of this major that
students are able to develop an electronic implant on their
own but rather to be able to work successfully in a project
team that develops electronic implants.

Students may already apply their knowledge as a part-
time assistant in a laboratory and/or during their master’s
projects. After finishing the degree program, a wide varie-
ty of career paths are available, ranging from research and
development to project and product management. Many
companies in Switzerland work in this field and “tradi-
tional” implants manufacturers have recently become in-
terested in electronic implants, e.g., to measure forces in
knee implants.

Master of Science in Biomedical Engineering 2014
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Major Modules

Image-Guided Therapy

=% Prof. Dr. Stefan Weber

Image-Guided Therapy refers to the concept of guiding
medical procedures and interventions through perceiving
and viewing of medical image data, possibly extended by
using stereotactic tracking systems. Medical imaging typ-
ically relates to a great variety of modalities ranging from
2D fluoroscopy and ultrasound to 3D computed tomog-
raphy and magnet-resonance imaging, possibly extended
to complex 4D time series and enhanced with functional
information (PET, SPECT). Guidance is realized by various
means of determination of the spatial instrument-to-pa-
tient relationship and by suitable visualizations. Image
guidance is very often accompanied by other surgical
technologies such as surgical robotics, sensor enhanced
instrument systems as well as information and communi-
cation technology.

Students of the IGT module will be introduced to the
fundamentals of the above-mentioned clinical and tech-
nical aspects of image-guided therapy. They will receive
an overview of currently applied clinical standards as well

as an overview of latest advancements in research (check
out the recently introduced course on Clinical applications
of IGT as well as the IGT Lab). Successful students will be
able to develop novel clinic-technological applications for
complex medical procedures as well as improve existing
approaches to IGT. This will enable further careers both in
the industrial and academic sector.

Mandatory courses of this module are concerned with the
fundamentals of Signal and Image Processing and Medical
Image Analysis. Furthermore, fundamental aspects of
stereotactic image guidance, tracking, patient-to-image
registration and basic clinical applications are taught in
the course Computer-Assisted Surgery. Recent trends and
fundamental aspects in surgical robot technology, mini-
mally invasive procedures and its applications within IGT
are introduced in the course Medical Robotics. Additional
elective courses extend students competencies in related
areas such as computer graphics, pattern recognition,
machine learning, and regulatory affairs.
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New Courses

Cardiovascular Technology

Prof. Dr. Dominik Obrist

Cardiovascular diseases are the leading cause of morbid-
ity and mortality in industrialized countries and lead to
high socioeconomic costs. Contemporary diagnostic and
therapeutic management of cardiovascular diseases re-
lies on medical technology. It is the goal of the course
on “Cardiovascular Technology” to give students of all
backgrounds a detailed overview on the wide range of
technologies used in this field.

A typical lecture in cardiovascular technology starts with
the discussion of a specific patient case (e.g. a stroke pa-
tient) including some background information on this
pathology and anatomy. This is followed by a technical
introduction to the diagnostic and therapeutic technolo-
gy used in the context of the underlying disease. Then a
guest lecturer (a clinician from the Inselspital) provides his
or her view on the technological challenges encountered
in clinical practice. Usually the lecture is completed by a
lab visit (e.g. to the electrophysiology lab) or by a hands-
on visit to a clinic where the students can try out some
clinical tools (e.g. echocardiography).

The lectures are organized with respect to the different
clinical specializations: There are three lectures on aspects
of rythmology and electrophysiology (e.g. pacemakers
and ECG), three lectures on interventional cardiology (e.g.
balloon angioplasty and stents), three lectures on heart
surgery (e.g. heart valve replacement), two lectures on
angiology (e.g. endovascular aneurysm repair) and two
lectures on interventional neuroradiology (e.g. treatment
of strokes).

The multi-disciplinary aspect of this course is reflected by
the different academic backgrounds of the three lecturers:
Prof. Dr. Dominik Obrist is @ mechanical engineer, Dr. Dr.
med. Andreas Haberlin is a cardiologist with an MD/PhD
in biomedical engineering and Dr. Thomas Niederhauser
is an electrical/biomedical engineer. Each lecturer focuses

his lectures on his specific field of expertise such that this
course provides a concise view at cardiovascular technolo-
gy from different angles of science and engineering.

This course is addressed to all students of biomedical en-
gineering regardless of their specific background . It is an
overview course which does not go too deep into particu-
lar aspects of a certain field and there are no homework
assignments. However, the students are expected to at-
tend at least 80% of the lectures.

Students who complete this course will have obtained an
overview on the different technologies which are applied
in daily clinical routine and they will have obtained first-
hand accounts of the technological problems encoun-
tered by clinicians.

Master of Science in Biomedical Engineering 2014 11



New Courses

Introductory Anatomy and Histology for Biomedical Engineers

Dr. Glenn Lurman

This was the first year that the students within the Master
of Biomedical Engineering programme had an introduc-
tory anatomy and histology course tailored specifically for
them, in English, after it being separated from the German
language Functional Anatomy and Histology course for
the students of Pharmacy. A basic understanding of hu-
man anatomy is essential to any field of biomedical and
bioengineering research. As a consequence, this is a com-
pulsory first semester course which introduces students to
most aspects of human anatomy and histology. This rang-
es from the anatomy of a single cell, through to tissues, or-
gans, organ systems and the body as a whole. This course
outlines the four basic tissue types: muscle, epithelial, con-
nective and nervous tissues, together with the main or-
gan systems: cardiovascular, respiratory, digestive, urinary,
immune, reproductive, as well as the nervous system and
the associated sensory organs. The musculoskeletal system
is covered in extensive detail in subsequent two-semester
course starting in the students’ second semester.

The aims of the course are to gain:

¢ Knowledge of the anatomy and histology of the human
body;

¢ Knowledge of the anatomical and histological vocabulary;
¢ An understanding of the correlation between the ana-
tomical/histological structures and their functions.

While a traditional approach to anatomy involves lots of
rote learning of names and structures, this course pref-
erentially places a greater emphasis on structure-function
relationships. It is expected that students exit the course
with an elementary proficiency in, and understand of anat-
omy. More importantly however, this course is designed
to complement the compulsory first semester course in
physiology, so that students exit the course understand-
ing why cells, tissues, organs, etc are constructed the way
they are, what the function of the different cellular, tissue
and organ components are and how these work together.
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They are encouraged to derive such structure-function re-
lationships themselves, for example, by thinking about the
mechanical forces exerted on different types of connective
tissues, why they have a corresponding construction, and
where these are likely to be found in the body. Where pos-
sible, links are also made to current medical technologies,
for example, imaging, instrumentation, sensory implants,
tissue and organ engineering.

This integrated, functional approach means that no strict
division is made between micro and macroscopic anatomy,
with lectures freely moving between all levels of anatomi-
cal organisation. An effort has also been made to include a
hands-on aspect by including four practical lectures. In the
Institute for Anatomy’s histology teaching room, students
are given a series of histological preparations which they
can examine themselves with a microscope during the lec-
ture. This practical aspect was received very well, and it is
hoped that this practical aspect may be expanded to some
of the lectures about macro-anatomical structures.




Biomedical Sensors

Prof. Dr. Bernard Dutoit

Biomedical sensors allow measuring the main physiolog-
ical parameters of human beings and comparing them
with standards. They have a key role to help the physi-
cian, all medical personal and even patients to take the
right decisions to improve their health. Body temperature
sensors, blood pressure sensors and acoustic auscultation
with stethoscopes are used since a long time. However,
several innovations appeared during the last few years.

e The first one is the miniaturization of sensors due to
microsystems technologies. Sensors have the same func-
tionality, often associated with an increased reliability with
a size approaching a cubic mm. The power consumption
has also been reduced which is a considerable advantage
for invasive investigation. Typical examples of such devic-
es are pressure sensors used in intracranial or intraocular
pressure monitoring. We could also mention several sen-
sors around the pacemaker (such as the accelerometer)
helping people suffering from chronotropic incompetence
by pacing their heart at a speed reflecting their activity.

¢ Microsystems produced in volume cost less than 1$.
Sensors are so inexpensive that they can be inserted in
many devices, adding them new functionality. In the 90th,
appeared the first one axis accelerometers. You can now
find combo sensors including 3 accelerometers, 3 gyro-
scopes and 3 compasses. This has opened the large con-
sumer market in body activity sensors. It allows everyone
to precisely measure its daily activity. More generally, you
also find complete systems allowing the remote surveil-
lance of elderly people, tracking their activities and alarm

if anything looks unusual.

e The large scale development of diabetes has pushed
pharmaceutical companies to find convenient solutions to
monitor the glucose level. In the last few years continuous
monitoring solution appeared on the market. This is a first
step in the direction of the artificial pancreas.

During this course, we also review some other commer-
cial sensors such as: pulse oximeter, to monitor arterial
saturation of oxygen or immunoassay, to learn how blood
analyses have been considerably speeded up in recent
years. These are just a few examples of how biomedical
sensors have changed our world. Biomedical sensors are
largely interdisciplinary and therefore represent a fascinat-
ing topic.
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New Courses

Regenerative Dentistry

Prof. Dr. Reinhard Gruber, Tommy Baumann, Dieter Bosshardt (without picture), Thiago Carvalho, Vivianne Chappuis, Simon Flury,
Pjotr Fudalej, Tim Joda, Joannis Katsoulis, Klaus Neuhaus, Christoph Ramseier.

The course , Regenerative Dentistry” was established with
the overall goal to introduce biomechanical engineers to
the clinical aspects of dentistry, how dental materials and
tools are applied, and to provide insights into the ongo-
ing research. , Regenerative Dentistry” was based on the
compelling understanding that advancing today’s field of
dentistry requires a multidisciplinary approach linking uni-
versities and industry, particularily in Switzerland where
global players in dental medtech industry are located.
We agreed that future biomechanical engineers have to
understand the basic of clinical dentistry, dental materi-
als and the tools to be prepared for working in R&D. We

have therefore chosen the technical term “Regenerative
Dentistry” to underline the importance to the interdisci-
plinary work of dentists and biomechanical engineers to
improve the field. The course ,Regenerative Dentistry”
provides an overview on the clinical aspects of dentistry,
basics about dental materials, on the tools and instru-
ments in dentistry, and some clinically oriented laboratory
research. The faculty represented all specialties such as
endodontics, periodontics, orthodontics, prosthodontics
and oral surgery, each operating with dental materials
and tools including fillings, implants, bone substitutes,
membranes, braces, crowns, and bridges.
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Wireless Communication for Medical Devices

Prof. Martin Kucera

Wireless communication became an ubiquitous technol-
ogy in the past decade: applications are numerous and
growing virtually daily and it is common practice to access
data or to control devices by means of a radio frequency
wireless communication.

Medical devices and applications are no exception, al-
though for very good reasons their proliferation is some-
how lagging behind the developments of consumer elec-
tronic devices: The requirements and specifications for
medical devices are often severe and require solutions
which became either only recently achievable or econom-
ically viable. Furthermore there are issues with wireless
communication for medical devices, like for instance se-
curity, which cannot be neglected and require a thorough
and detailed review of existing practices and solutions.

Despite those interesting challenges, wireless communi-
cation for medical devices, either by means of inductive
links or radio frequency communication has many very
compelling advantages which make this the technology
of choice: Especially implanted devices, with no other pos-
sibility to transfer information to the outside of the body

are a very convincing example demonstrating the advan-
tages and the potential.

But even body worn devices, which can be designed, test-
ed and implemented much faster, can provide tremen-
dous benefits.

This new course provides students with the required com-
petence and knowledge to assess the possibilities and
limitations of wireless communication for medical devic-
es. The subject is addressed by case studies of four exist-
ing use cases, being hearing aids, pacemakers, cochlear
implants as well as general body worn medical devices.
These four well known medical devices serve as demon-
strators for the different challenges, issues and possible
solutions. Their shortcoming and limitations in terms of
their wireless connectivity are elaborated and possible
improvements discussed. The required theoretical knowl-
edge and background is also detailed in this course such
that students get a thorough understanding of the specif-
ic basic problems when medical devices are expected to
communicate through wireless connections.
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New Courses

Ethics in Biomedical Engineering

Prof. Dr. med. Kurt Laederach

Towards the end of 2013, Prof. Ph. Zysset contacted me
in order to discuss the options of establishing a specific
ethics module in Biomedical Engineering. After a planning
period of half a year, the course could be held for the first
time in fall 2014. Like all courses in BME, this one was also

given in English.

The course contents included:

e Basics of medical ethics (Biomedical Ethics)

¢ Technical ethics, including the questions of material
safety

e Animal and human trials

e Risk assessment tools and their function

e FEthical guidelines of BME worldwide

e History of ethical frauds

¢ Whistleblowing, e-health and newer information
technologies

Jong Yong Abdiel Foo

Winston Gwee - Deni

Ethics for
Biomedical

Engineers

£_' Springer
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e Ethical codices (Nuremberg, Geneva, Helsinki) and BME
regulatives (IEEE)
¢ Legal issues of BME in Switzerland, the EU and the US

Each lecture was subsequently followed by case exercises
where students had the opportunity to directly apply their
knowledge to specific case situations.

After completion of the first half of the course, a first as-
sessment exam was performed, followed by a final assess-
ment written towards the end of the course. In addition,
students had to pass an exam to obtain the necessary
ECTS.

As a new and somehow unusual course it could draw in-
terest of about a dozen students. The success of the first
realization of the ethics course enables us to include it in
next year's agenda as well.

How “moral” are the principles of biomedical
ethics? - a cross-domain evaluation of the
commeoen morality hypothesis

Ethics and Biomedical Engineering education: the continual
deflance

Marlenal Bedlery of
Professionsl Enginesrs

Code of Ethics for Engineers

Pl i 1 v el

Tt e T £

s : ) .
Biomedical Engineering and Society: Policy and Ethies

Chaire LA Mynan, Msber, (CEE mud L. Lasssch, Divmber, [EEE




Evaluation of Courses in 2014

Like in the previous year, a centralized evaluation was per- regarding all forms (see below) reveal that the students are
formed in the Master’s program in 2014 according to the well treated, satisfied with the planning and presentation,
guidelines of the University of Bern. Both spring and fall and find that the courses are interesting and demanding
semester were considered leading to 45 course evalua- at the same time.

tions involving more than 1000 forms in total. The results

Distribution of Means Regarding all Forms
100%
- . .
80% | Planning and Presentation
" Manners with Students
60%
Interest and Relevance
40%
20%
0% T T T T —T T T 1
1 1.5 2 2.5 3 35 4
1: very poor 2: poor 3: good 4: excellent

80
70
60
50
40
30
20
10

Scope and Complexity

| ®Scope and Complexity

1: far too narrow/narrow 3: just right 5: far too high/wide
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Faculty

Ahmad Dr., Sufian S
Albrecht Prof. Dr., Christiane
Baier Prof. Dr., Norman
Baumann Dr., Tommy

Bell Dr., Brett

Bosshard Prof. Dr., Dieter
Buchler PD Dr., Philippe
Burger Prof. Dr., Jurgen
Cattin Prof. Dr., Philippe

Caversaccio Prof. Dr., Marco-Domenico

Chan Dr., Samantha
Chappuis Dr., Vivianne
Charles Prof. Dr., Roch-Philippe
Da Costa Dr., Bruno
Debrunner Prof., Daniel

De Haller Dr., Emmanuel
Diehm Prof. Dr., Nicolas
Diem Prof. Dr., Peter
Dommann Dr., Alex

Dutoit Prof. Dr., Bertrand
Ecker Dr., Timo

Egger Prof. Dr., Marcel
Eglin Dr., David

Favaro Prof. Dr., Paolo
Fichtner Dr., Jens

Fix PD Dr., Michael

Flury Dr., Simon

Frenz Prof. Dr., Martin
Fudalej PD Dr., Pjotr
Gantenbein PD Dr., Benjamin
Gerber Dr., Kate

Gerber Dr., Nicolas

Gicquel Dr., Pierre-Yves
Giraud PD Dr., Marie-Noélle
Gotte Prof. Dr., Josef

Gralla Prof. Dr., Jan

Gruber Prof. Dr., Reinhard
Guenat Prof. Dr., Olivier
Héberlin Dr., Andreas
Haschtmann Dr., Daniel
Hofer Dr., Ulrich

Hofstetter Prof. Dr., Wilhelm
Hoppeler Prof. Dr., Hans-Heinrich
Hunt Prof. Dr., Kenneth
Husler Prof. Dr., Jirg

[ff Dr., Samuel

Jacomet Prof. Dr., Marcel
Jensen Prof. Dr., Bjorn

Joda Dr., Tim

JUni Prof. Dr., Peter

Justiz Prof. Dr., Jorn
Katsoulis PD Dr., Joannis
Keppner Prof. Dr., Herbert
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Kleinlogel Dr., Sonja

Kluter Prof. Dr., Theo

Koch Prof. Dr., Volker

Kompis Prof. Dr., Martin
Kopp, Doris

Kowal PD Dr., Jens

Kucera Prof. Dr., Jan

Kucera Prof. Dr., Martin
Laederach Prof. Dr., Kurt
Lechmann, Beat

Lerf Dr., Reto

Lu Dr., Huanxiang

Luginbdhl Dr., Reto

Lurman Dr., Glenn

Mack Dr., Alexander

Meier Prof., Christoph
Milligan Dr., Simon

Minder, Beatrice

Moser Dr., Walter
Mougiakakou PD Dr., Stavroula
Nef Prof. Dr., Tobias

Nesic PD Dr., Dobrila

Neuhaus Dr., Klaus

Nevian Prof. Dr., Thomas
Niederhauser Thomas, Dr.
Niggli Prof. Dr., Ernst

Nolte Prof. Dr., Lutz-Peter
Nyffeler PD Dr., Richard

Obrist Prof. Dr., Dominik
Peterhans Dr., Matthias

Porz Dr., Rouven

Ramseier Dr., Christoph Andreas
Reyes Prof. Dr., Mauricio
Rothen-Rutishauser Prof. Dr., Barbara
Rutjes Dr., Anne

Saads Carvalho Dr., Thiago
Schéfer PD Dr., Birgit

Schenk, Samuel
Schwarzenbach Prof., Heinrich
Schwenkglenks PD Dr., Matthias
Senn Prof. Dr., Walter Martin
Stahel Prof. Dr., Andreas
Stoyanov Dr., Jivko

Streit Prof. Dr., Jirg

Tschanz Dr., Stefan

Von Garnier PD Dr., Christophe
Weber Dr., André

Weber Prof. Dr.-Ing., Stefan
Wolfram Dr., Uwe

Zheng PD Dr., Guoyan
Zimmermann Prof. Dr., Heinz
Zwicker Prof. Dr., Matthias
Zysset Prof. Dr., Philippe
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Biomedical Engineering Day 2014

The industry, medical doctors, and engineers meet
for the Biomedical Engineering Day at the Inselspi-
tal in Bern with great success.

On May 16 2014, the Biomedical Engineering Day took
place in the auditorium Ettore Rossi at the Inselspital in
Bern. The Master in Biomedical Engineering program of
the University of Bern organized this event for the sixth
time.

The event is an efficient platform in Switzerland for net-
working of Master and PhD graduates and Swiss and
international medical technology companies. This year’s
companies introduced themselves through oral presenta-
tions and gave insight into their commercial activities and
their company philosophies as well as showed their de-
mands on junior employees. Students thus had the op-
portunity to get to know potential future employers and
contact them directly. This was made possible between
the sessions in personal conversations and at the exhib-
itors” booths.

The BME Day offered great opportunities for the Bernese
biomedical researchers, too. The ARTORG Center for
Biomedical Engineering Research and the Institute for
Surgical Technologies and Biomechanics as well as the
Bern University of Applied Sciences, our partner within

Master of Science in Biomedical Engineering 2014

the Master’s program, used the possibility of presenting
current research projects to more than 250 participants.
Interestingly, Master and PhD students play an important
role in many of these projects. Thereby, this event was a
demonstration of scientific achievements, too.

Besides company representatives, scientists, researchers,
and young academics, many medical doctors participated
in this year's event as they had the chance for intensive
communication with the biomedical engineers.

One highlight of the day was the successful live neurosur-
gical surgery by Jirgen Beck, Department of Neurosurgery,
Inselspital Bern. In the auditorium, Christian Fung from
the same department gave illustrative explanations.

At the end of the day, four awards for excellent academic
achievements in the field of Biomedical Engineering at the
University of Bern were presented.

Steven Balestra received the SICAS Award 2014 for the
best Master thesis for his work “Statistical Shape Model-
Based Articulated 2D-3D Reconstruction”.




The SICAS Award 2014 for the best PhD thesis was giv-
en to Alois Pfenniger for his work “Intracorporeal Energy
Harvesting with a Focus on the Human Cardiovascular
System”.

Raphael Meier received the BME Club Award for the best
Master Thesis Abstract for his work “Decision Forest for
Multimodal Brain Tumor Segmentation”.

W : ’

We thank our sponsors and exhibitors

e BME Club

e CCMT

e Congrex

CSEM
Haag-Streit

e Medical Cluster
* Nobel Biocare

e RMS Foundation
e SICAS Foundation
e Stryker Trauma
e Carl Zeiss

The BME Club Poster Award 2014 was given to Janine
Ruppen. Her poster “Increased Perfusion-Induced
Chemoresistance in Multicellular Pleural Cancer Spheroids
Cultured in a Microfluidic Chip” convinced the jury.
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The Biomedical Engineering Club

The BME Club and Its Mission

The BME Club is an alumni club with the mission to pro-
vide and promote networking among its interdisciplinary
members. We are a constantly growing group of biomed-
ical engineers, scientists, past and present students and
medical technology corporates eager to bring together
the principles of engineering, biology, and clinical med-
icine. BME club accomplishes these goals by hosting
events such as information sessions on the latest cut-
ting-edge research in different fields of biomedical engi-
neering, attendance of international conferences and or-
ganizing visits of various industrial plants and laboratories.
BME club is recognized as an official alumni association of
the University of Bern under the umbrella organization —
Alumni UniBe. A dedicated executive committee follows
the principles of our constitution.

We are an enthusiastic and versatile group with diverse

activities:

¢ bi-monthly “Stammtisch” in a local restaurant as an
amiable platform to exchange, discuss, brainstorm or
simply chat

® visits to Swiss medical and engineering companies

e information on career opportunities (including job
offers)

e organization of the annual welcome event for new stu
dents of the BME Master program

e organization of an annual alumni gathering

e sponsorship of the poster and abstract awards at the

The BME Club Board in 2014

Prabitha Urwyler
President

Christian Guder
Public Relations
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ﬁ Matteo Fusaglia
PhD Students

annual BME day

e sponsorship of Travel award to master students

e publish annual BME club Newsletter

e provide access to the Medical Cluster events

o offer joint membership with SSBE (Swiss Society for
Biomedical Engineering)

BME alumni who join us automatically become a member
of Alumni UniBe, the alumni association of the University
of Bern. Among other benefits this includes receiving a
lifelong UniBe email address facilitating staying in touch
with your peers.

In short, the BME club represents a unique platform for
professional, lifelong communication and networking.
For further details look up our website at http://Awww.
bmeclub.ch.

How to Join

Becoming a member is easy! Simply sign up at any BME
Club event or visit us at http://www.bmeclub.ch. We are
looking forward to welcoming you!

Dobrila Nesic
Faculty

Tom de Bruyne ol Tobias Imfeld Alejandro Juarez Robles
Vice President ‘\Z) Webmaster Master Students
,!- pl. =9
Julia Spyra .w Carlos Ciller . / Lukas Bdsch
Back Office Treasurer ‘L % Alumni




MEDICA 2014

MEDICA - the ‘World Forum for Medicine’ — is the world’s
largest professional trade fair for the medical sector. Every
year around 130000 visitors flock to Dusseldorf's Messe
conference centre (where it is held) to discover, trade and
discuss the very latest in health technology. This year,
over 4’800 exhibitors filled the 116°000 m2 of hall space.
More than half of these were companies specialised in
electro-medicine & medical-technology (everything and
anything from neurostimulators to imaging systems).
Additionally, entire halls were dedicated to diagnostics &
lab equipment, physiotherapy & orthopaedics, commodi-
ties & consumables (e.g. bandages, gloves and syringes),
IT & communication technologies to name a few.

COMPAMED is a trade fair for suppliers of the med-tech
sector. Here were presented the new materials and tech-
nologies that will one day change the way we live and
practice medicine.

.. The fuss? Well simply put — MEDICA in and of it-self
is awesome. As a budding Biomedical Engineering MSc
student, the convention is an opportunity to ‘see what's
out there’, discover devices or technologies you've never
heard of, touch them, try them, figure out how they were
made and how they are different from other solutions. It
is a chance to ask a million questions and gain insight into
fields you've haven't worked in or perhaps, never came to
know or think of. It is an opportunity to meet (as some-
times happens) the lead developers of a device or a prod-
uct. They are always interesting people to talk to. What
you discover at the trade fare may well widen your view of
what comprises the medical sector. It might help you im-
agine applications for what we learn during our studies.

So MEDICA is awesome, but the trip as organised by the
BME club, made the experience beyond amazing. 31 of us
participated in this event. Here is roughly what our sched-
ule looked like:

Thursday 13th of November 2014

20:00 Dinner at TRAMWAY in Bern (optional)

23:45 Meet at the bus outside the Kunstmuseum (de-
parture at 24:00)
---- go to sleep in Bern, wake up in Dusseldorf ----
Friday 14th of November 2014

08:00 Arrive at the youth hostel, check-in, breakfast,
head over to MEDICA

10:00 MEDICA / COMPAMED !!!

18:30 Leave the Messe, head back to the hostel

19:00 Dinner (BBQ)

21:00 Dusseldorf by night (optional)
Saturday 15th of November 2014

02:30 Walk back to the hostel (optional)

03:00 Arrive at hostel (optional)

08:30 Wake up, breakfast (optional)

09:30 Check-out (not optional)

10:00 MEDICA 1

14:00 Dusseldorf by day (optional)

19:00 Dinner at UERIGE — the best brewery-restaurant
in town (shouldn't be optional)

23:00 Bus departs from youth hostel.
---- go to sleep in Dusseldorf, wake up in Bern ----
Sunday 16th of November 2014

06:30 Arrive at the Hauptbahnhof in Bern

.. okay, so we didn’t really sleep all that much, but check-
ing out the town and trading stories with fellow BME-ers
was well worth it.

Would | do it again? DEFINITELY — because like they said,
‘MEDICA is huge’ and | feel like | haven't seen half of
what there is to see. So next time, | will make a list of the
companies | want to visit (being now a MEDICA veteran
and able to navigate the website). | might even include
more halls on my list. But more than anything, I'd do it
again with a group from the BME club. You learn more
when you're with like-minded others and it's a lot more
fun. Enough said — see you next time!

Master of Science in Biomedical Engineering 2014
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Graduation Ceremony

“The Glorious Graduation Ceremony 2014"

3 years ago, at the beginning of 2011, | had just start-
ed my master studies in Biomedical Engineering at the
University of Bern. Besides my studies, | started working
in a research group of the faculty. At that time, | had no
clue of German, and did not even know that “Barn” has
its own “Dialekt”.

Last Saturday (March 8, 2014), at “Grosser Saal” in the
Kultur Casino “vo Barn”, the newly graduated students
and the new doctors in Medicine, Dentistry, Biomedical
Sciences and Biomedical Engineering, were invited to an
incredible “Diplomfeier”. | was very proud of finally re-
ceiving the result of my master studies; and | was nicely
impressed by the incredible room, the fine classical con-
cert and the very interesting and stimulating talks.

My “take-home” message was that being a professional
in the field of medicine, the sciences and technology, is
not just a standard job. It requires professionals who are
enthusiasts, able to devote passion to a very high degree,
with the final goal of improving diagnosis and treatments
of diseases of any kind of patients, at the most inexpen-
sive cost to society. Probably not easy, eh? Indeed quite
challenging; but | am quite certain that this will be, and
already is, a very interesting and stimulating working field
for me and for many other colleagues of the faculty.
Today, | am quite excited to continue extending my sci-
entific skills and contribute to the new generation of

biomedical engineers and scientists towards my PhD
studies at the ARTORG Center. It was never easy to do
a master and work part time as a researcher; nor will
it be to pursue the doctorate during the next 3 years.
Nevertheless, | think this experience has been to date the
most interesting working time since | started my career
in 2006. | would encourage those who are starting the
BME master's to maintain their motivation high, accept
the difficulties, as there will be many, and really believe in
themselves until the end of their studies; just push hard,
be respectful and work in a team... the rest will work out!
Just needs time... and then will pay off!

Best wishes,
Juan Anso

RMS Master Award

In 2013, the RMS Foundation established the RMS
Master Award for students graduating from the Master in
Biomedical Engineering program at the University of Bern.
The annual award is bestowed in recognition of excellent
academic achievements. It is presented to the student
with the highest grade point average.

This year, Raphael Meier won the award. The laureate
was honored at the graduation ceremony of the Medical
Faculty in March 2014.
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Graduation Profile

Michael Muster

Q: What was your academic and professional background
prior to your BME studies?

A: After primary and secondary school, | did an appren-
ticeship as a biology lab assistant at the Federal Office of
Public Health. During an internship as a mechanic, | decid-
ed to study Mechanical Engineering at the Bern University
of Applied Sciences in Burgdorf. However, my interest
in biology persisted, so | decided to do my Master’s in
Biomedical Engineering. This study course combines my
main interests: biology and mechanical engineering.

Q: Why did you choose to pursue your Master's stud-
ies at the University of Bern / Bern University of Applied
Sciences?

A: Bern is the perfect location to study for me, a beautiful
city and not far away from my hometown. Due to the fact
that the course is concentrated on three days per week,
| had the chance to continue working at the Institute for
Rehabilitation and Performance Technology (IRPT) at the
Bern University of Applied Sciences (BUAS). For me it was
never a matter of discussion to study at another university.

Q: You continued to work during your studies. How was
this experience?

A: 1 had a 50% part time job as a research assistant at the
IRPT in Burgdorf. It was a very good and intensive expe-
rience, because | worked in a slightly different research
field compared to my study curriculum. Due to that | had
the chance to expand my knowledge of medical devices.
Sometimes, | was able to directly apply the skills to the job
which I acquired at the universities and vice versa.

Q: What was your career plan after the completion of
your degree?

A: First | tried to get a specific PhD position in an inter-
esting field of biology. Unfortunately | did not get the
approval. Then | tried to catch a job in the industry as a
development engineer combined with applied research. |
am work now in an industrial group.

Q: What is the benefit of the Master studies with regard
to your current professional activity?

A: At the moment | am involved in several very interesting
projects. Sometimes in strongly multidisciplinary fields. In
general, the largest benefit is to have the capability to
work and think in an interdisciplinary way. It is not possible
to highlight just one specific part of the Master Studies.

Q: You had won the “Burgdorfer Innopreis 2014". What
kind of award is this and with which project did you get
the award?

A: The main idea behind the “Burgdorfer Innopreis” is
to give to a general public the chance to see how fasci-
nating the study at the BUAS is. For this purpose, the five
most innovative projects are selected to compete against
each other in a presentation competition. This means my
master thesis “Foot-Stimulation Module for a Robotic Tilt-
Table” had to be presented as simply as possible and with-
in ten minutes. The preparation of such a presentation is
labor-intensive but a very exciting and instructive task. |
was surprised and very happy to win this price, this would
not have been possible without the great help from my
colleagues.
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Novel stretchable strain sensor for biomedical applications

Mohammed Oluremi Adagunodo

Supenvisoes: Prof. Dr. Janos Viards and Mincent Martnez

Instiutions: Laboratory of Biosensors and Bipeledronics, ETH Zurich
Faculty of Medidne, Universitil Bem

Examiners. Prof Or. Hetbert Keppner and Prof, Cr. Janos Vords

Intreduction

The goal of this project is to fabricate a flexiblie
strain sensor which can be used for sbain
measurements in soft body tissues. To achieve this,
conformal devices or instruments are required to
mirmic these dynamics and be able to detect the
changes. Stretchable electronics is a promising tool
for monitoring these funclions Emergence of
stretchable electronics has led to the need for
composite materials which present high elastic
properties with optimal electrical properies. To
realize our sirain sensor we used PDMS and silver
nanowires, However, high resolution patterns are
difficult to achieve on POMS because of itz low
surface energy does not allow the adhesion of
photoresist to the surface. Here, we present a wafer
scale solution to the issus.

Materials and Methods

In this project, a photolithegraphy compatible
process was developed to pattern thin films made
out of siver nanowires on PDMS substrate with a
finest resalution of 10pum.

Thin films of nanowires were realized from silver
nanowires deposition by either by centrifugation or
sedimentation. The silver nanowires deposition was
characterized using the optical fransmittance and
sheet resistance To achieve a high resolution
pattern, we designed two approaches using
photalithography technigues  The first approach
was pattemning the siver nanowire depostion con
glass and embedding them inte PDMS after the
Ithography process. In the second approach, we
deposited and paterned the silver nanowires
directly on POMS. Using these approaches, we
were able to realize the strain gauge fabrication,
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Fig 1: Bhotolithogroghy orocess an PDMS [following the step
seqquence in the dingrom): gloss prepomition, POAS powring,
chromium odhbesion layer + silver moncwires  depasition,
photoresist cogttag, LV expasure ond develcpment, photoresist
remcvel and PORS Strpping
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Results
Highest resolution achieved with both approaches
was 10um, Two technigues of microfabrication and
deposition were realzed. The transmitiance was
defined as a function sheet resistance  Low gauge
factor of around 1 was realized over large
deformations for large samples. Photo-patterned
samples showed high gauge factor.

-

Fig. 2 shows the highest resolution achieved an POMS (a)
amd on glass (b (Clis the SEM image of the paflerned
sihver nanowilres () s the oplical transmiffance
measurements Ve sheel resistance,

Discussion

Result from the characterization of our Silver
nanowire thin film showed bwo regions which s
described by percolation and bulk material
charactenistics, This corresponds with previous
siudies. High resolution patterns were realized on
POMS using photolithography using our novel
approach. Initial results show that the gauge factor
is not swnficantly influenced by conceniration
changes. Preliminary results of the photolithography
patiern samples present high gauge factors of up to
17 for B0% strain rate, However, it needs further
investigation.

References

De, 5., et al., Size effects and the problem wifh
percalation  in nanostructured  fransparent
condictors ACS nane, 20100 4(12): p, T064-7072,
Mu, F. and Y. Zhu Highly conductive and
stretchable silver nanowire conductors. Adv Mater,
2012 24(37): p. 511722
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Adaptive Real-Time Ultrasound Image Segmentation for Patient
Registration in Image-Guided Liver Surgery

Andreas Arnold

Supervisors. Delphine Ribes and Prof, Ov-Ing. Stephan Weber

Institutions; ARTORG Genter for Biomadical Enginoering Rosearch, University of Bam

CASeination AG, Bam

Exarminers:  Prof. Dr-Ing. Stephan Weber and Dr. Matthias Petarhans

Introduction

Liver cancer is one of the most prevalent cancers in
the world The treatment of choice is resection, but it
is only available to 10% - 20% of all patients, CAS-
Cne Liver is a system for computer assisted lver
surgery (CALS), relying on inra-operatively  ac-
guired ultrasound images 10 register the patient's
liver to a pre-operatively acquired and segmented
CT or MR model. |n this thesis the effects cf im-
proved image seamentation and integration of a
new ultrascund system as well as betler user guid-
ance towards an improved registration process were
investigated.

Materials and Methods

In the first part of this thesis, current segmentation
deficiencies were assessed using a set of qualita-
tive and quantitative metrics, such as sensitivity,
specificity, vessel detection rate, and average regis-
tration emor. The segmentation algorithms under
evaluation were a Difference of Gaussian (DOG) al-
gorithm and a fixed thresholding apprcach. Baoth
were tested with and without shadow removal,
Gaussian kernel edge compensation, gradient ari-
fact removal and level sets. The improvements were
tested on 97 images acquired during 15 surgeries
for the integrated ultrasound system and on 70 im-
ages acquired during 4 surgeries from a BK Flex
800 Ultrazound system

Fig. 1 US images and results of automabc vessel segmen-
fation of liver from integrated (I2ff) and BE Flex 800 ultra-
sound system,

The current ultrasound acquisiion interface was
evaluated and a new scheme proposed and evalu-
ated in a lab setlings. The new scheme was devel-
oped to minimize deformation artfacts and improve
the ease of use during surgeries.
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Results

Gradient artifacts, loss of information on the image
edge and low signal to neoise ratio were identified as
the most prominent error cases. To improve the reg-
istraior outcome, a gradient artifact removal algo-
rithrm and optirmized segmentation parameters were
added 10 the framework. Compared to the former
algorthm the new registration algorithm increased
the average accuracy from 48 mmto 25 mm (n =
3, p= 0.50). The integration of the BK ultrascund
system was successfully tested during open Iver
surgenes at the Inselspial Bern.

Fig. 2 CAS-One Liver used diring a swrgery af the In-
selspital Bern,

Discussion

The registration process was improved through in-
clusion of the gradient artifact removal algorthm
and with the use of optimized parameters. The new
ullrasound systerm was successiully used during
open liver surgeries, but further clinical tests are
neaded. The new guwance interface was imple-
mented and preliminary tests performed. Further
testing is still required.

References

Peterhans M. et al, A navigation system for open
liver surgery. desiyn, workflow and first clinical ap-
plications, The Interrational Journal of Medical Ro-
botics and Computer Assisted Surgery 7(1) 7-18,
2011,
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Unipolar Amplifier Design for True Bipolar Long-term ECG

Leads
Daniel Bar

Supendsors: Thomas Miederhauser and Dv. med. et phil. Andreas Haberlin

Institubons; HUCE Mcrolab:, Lln'runr:.i‘thl af Appled Sciences Biel

Artorg Conter for Biomedical Engineaing Research, Universiy of Born
Examiners: Prof. Dr.med. et phil. nat. Rolf Vegel and Prof. Dr. Josef Geitte

Introduction

Today, long-term ECG recordings are done with
Halter monitering devices, which require various wet
electrodes placed on different positions on the limps
and the chest Cables are used to connect all these
electrodes to the menitoring device. The aim of this
thesis is to investigate a novel unipolar amplifier
cirguit, found in literature, for its capability to meas-
ure long-term ECG signals. In particular it shall be
investigated if this novel circult is capable 10 meas-
ure ECG signals at specific suface positions of the
hurman body using two electrodes in close vicinity to
each other, Thereby reducing the amount of wires
currently needed to measure biopotential differ-
ences like the ECG signals.

Materials and Methods

An evaluation board, containing the mentioned uni-
polar front-end, is developed to measure bio-
potentials (Fig.1). The sensing electrode is con-
nected to the non-inverting input of an instrumental
amplifier and a low-pass fitered copy of it to the
imverting input With the result that the signal pre-
sent at the electrode is high-pass filkered and ampli-
fied. A bootstrap summing amplifier creates a com-
mon-mode potential from the potentials of the sens-
ing and grounding electrode, which is used as the
reference potential of the instrumental amplifier

Fig. 1 Evallalion board conlafning the wnipolar anaiog
fronkend and a microctonlroder (o measure a swiace bio-
poleniial

Measurements done with the evaluation board are
compered to simultaneously measured, fully
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differential ECG signals derived with a conventional,
monitaring device {BioRadio 150). Additionally, the
influgnce of the placement of the grounding elec-
trode is investigated.

Measurement Results

The results derived with the evaluation board con-
firmthat leads |, 11 and 1ll can be reproduced with
this circuit and they closely match the ECG meas-
ured with a standard recorder (Fig.2). The correla-
ticn coefficient was 0.95 or higher. However, poten-
tizls are highly dependent on the positioning of the
agrounding electrode.

o
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Fig. Z: Comparison of lead | bemween unipoiar (bive) and
stancard differential circuit fred).

Discussion

Independent unipolar measurerments cannot be
conducted with this circuit if both, sensing and
grounding electrode, are positioned in close vicinity
to each other. They lie on the same iso-potential
line of the electrnic fisld, which is created by the elec-
tric activity of the heart. The physical principles gov-
eming measurements including electrodes also
apply to this circuit,

Two-electrode circuits still hold advantages as no
grounding electrode must be connected to the leg.
Measuraments indicate that there are locations on
the human arm where a potentizl difference can be
measured, with the electrode distance still close
enough to be integrated into a single measurement
unit,

References
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A Novel Lead- and Batteryless Pacemaker

Lukas Bereuter

Supervitors: Dr. mod. ot phil Andreas HikberSn and MSe Adrian Zurbuchan
Institutions:  ARTORG Canter for Biomadical Engnearing Research, Universitit Bam
Exarniners:  Prof. Or.med. et phd. Roli Vogel and Prof. Dv, Marcel Jacomet

Introduction

Today's cardiac pacemakers have two maor
disadvantages First, they use primary batteries as
their energy source. And second, they use leads to
deliver the electrical stimulus o heart. The amount
of energy storable by the batteries is a limiting factor
of implanted devices. Hence, some patients need
several device replacements during their lifetime,
This procedure is unpleasant for the patient and
bears the risk of complications. The leads are
exposed to repetitive mechanical stress and are
prone to fracture. To overcome these limitations, a
lead- and batteryless pacemaker is desirable. The
aim of this study was to evaluate the feasibilty of
leadless and batteryless pacing by developing
miniaturized and low power consuming pacemaker
circuits.

Materials and Methods

Towards a lead- and batteryless pacemaker low
power consumption and miniaturization are the
major criteria. A development board was created to
evaluate electronics for bwo pacemaker types. First,
an endocardial pacemaker which is based on a
microcontraller. The design was miniaturized for
transvenous  implantation.  And  second, an
epicardial pacemaker, which is based on an analog
circuit. This type is suppled by an energy harvester
which is based on the clockwork of a commercially
available automatic wristwatch. The design of the
epicardial pacemaker features all compenents (ie.
the energy harvester, the energy management
system and the pacemaker circuit) in one housing.

Fig. 1 Development beard with microconirolier based
cireuits for an endocardial pacemaker and an amalog
cirewit for a lead-and batteryless epicardial pacemaker
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Results

Prototypes of both pacermaker types, which feature
asynchronous pacing were built and tested. At the
lowest supply votage (1.8 V), the housekzening
power consumption of the microcontroller based
endocardial prototype & as low as 1.9 )W The
epicardial pacemaker prototype is leadless and
batteryless and was successfully tested in an in-vivo
study, By performing asynchroncus pacing under
typical conditions, the overall power consumption of
this prototype is 14 pW out of which 3.65 pW
correspond to housekeeping power,

Fig. 2 PCB of the microcontrofler baszed endocardial
pacemaker. The dimensions are Bx4.7x1 mm

Discussion

The design of the epicardial prototype was validated
by the inwvivo study. Considering that commercial
pacemakers provide additional fupctions which are
not implemented in the prototype, the housakeeping
power consumption of the endocardial pacemaker
was reduced (1.9pW) compared to the commercial
devices (-10pW).

References

Deterre M., Toward an Energy Harvester for
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Introduction

Heart diseases are n many countries, besides
cancer, the second major death reason. To
diagnose specific heart diseases like heart rhythm
disorders (arrhythrmias), electrocardiography (ECG)
is used Paroxysmal arrhythmias in particular
require long-term ECGs o detect rare events. The
signal quality of the todays used long-term ECGs is
low and the electrodes, which are stuck to the
patients chest or limbs, can lead to skin imtations.
As an alternative, the esophageal ECG provides a
method to avoid these inconveniences,

The aim of this master thesis was to develop a
housing which allows to stow all the necessary
electronic components of the esophageal ECG
recarder in the nose. To prevent the housing from
swallowing or shift outwards, it has to be fixated. It
is important to ensure that the fixation doesn't harm
the patient nor lead to complications.

Materials and Methods

To evaluate the prototypes for the anchoring and
housing system, a 30 model of the human nose has
been developed. This model was buillt by using the
"Carleton Civic standardized nasal cavity model” [1]
and various other patient data.

) i
Masopharynx Saeptum

Fig. 1. 30 model of an average human nose [used for the
evaluation of the anchoring and housing system)

Different variants have been developed for the
housing and its fixation. Moreover, an insertion
device for the system has been produced to guide
the  implantation, These concepts  were
systermatically evaluated to choose the concept
which best reaches the set requirements. With tests
an the nose model and vanous meetings with ENT
specialists, the decision was made to produce a
housing which wil be placed behind the septum in
the nasopharynx,

=
H

The required energy for the electronics s provided
by zinc-ar battenes, which are widely used in
hearing aids. These batteries need oxygen to work,
but since they are placed behind the septum, they
must be sealed against water, Therefore a method
was developed to seal the batteres against water
and allow the oxygen to access them. This was
done by a hydrophobkic membrane.

Results

The hcusing behind the septum is fated by a
thread which surrounds the nasal septum and s
knotied over the nose bridge. To oguide the
implantation of the system, an insaron device has
been developed. This device is used for the
insertion and removal of the housing as well as for
the insertion of the fixation thread.

Tests with the hydrophobic membrane proved, that
it is possible to seal the batteries against water,
while having normal ambient conditions.

Insertion Device

/

e —

Fig. 2: Anchoring and frousing system willh inserlion dewvice

Discussion

Tests with the nose model confirmed the method of
inserting the developed housing behind the septum
However, the system volume needs to be reduced.
For a reliable insertion of the anchoring and housing
system, further improvements towards the
miniaturization of the device are required.

References

[1] Liu et al., Creation of a standardized geometry of
tha human nasal cavity, Journal of Applied
Physiology, 2000
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Introduction

Cardiac pacemakers are among the oldest and well
established electrical implants and are used to treat
various cardiac arrhythmias. However, today's
pacemakers have some disadvantages, among
which are battery replacements after 6 to 10 vears
by surgical intervertion, possible fraciures caused
by the lead wire and alterations of the tricuspid
valve,

The aim of this study was to develop a deployment
systemn to implant a first prototype of a novel lead-
and batteryless pacemaker. This included the
desgning of a ministurized housing for
encapsulating the pacemaker electronics, the linear
energy harvester, and acceleration sensors.
Furthermore, an intarvention catheter system for a
minimal invasive transvenous device implantation
had to be developed. Finally, the deployment
systermn had to be tested and evaluated on the
bench and in viva in an animal trial,

Materials and Methods

The study was divided into four phases: an analysis
phase, a conception phase, a design and
finalization phase and a testing phase. In the
analysis  phase, anatomical and technical
boundaries for the development of the housing and
the intervention catheter as well as already existing
comparable systems were discussed, In the
conception phase, differenl concepts for the final
components of the deployment system were
developed. This induded possible solutions for the
shape of the housing as well as the setup of the
distal catheter. After evaluating all concepts, the
best concepts were chosen to form an overall
concept of the deployment system In the design
and finalzation phase, the overall concept of the
deployment system was used for the construction of
the housing and the intervention catheter. Finally, a
first prolotype was produced. The last phase
addressed the testing of the developed prototype.
EBench tests as well as an in vivo test were used to
evaluate the prototype. With the help of these tests,
it was possible to assess important conclusions o
improve the prototype.
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Results

An intervention catheter and two housing versions,
A and B, were developed, The housing version A is
used for the installation of the pacemaker
electronics. This version has two electrodes, which
allow a stimulation of the heart muscle calls. Version
E of the housing was developed as a camier for an
energy harvester and acceleration sensors. In
contrast to version A, version B does not have
electrodes and tharefore exhibits more installation
space. The catheter was designed as  an
interventional right-heart-catheter and can be used
for implantation and explantation of the housing in
or from the right ventricle of the heart,

Fig. 1 Qvervew of the overall systen with the housing (1),
the aisfal catheler end (2), the medial catheler (3), the
proximal cafheter end (4), and the refract needle (5).

Discussion

After the development and manufactunng, the
deployment system was tested and evaluated on
the bench and in vive in a swine, During these tests,
the housing was successfully anchored in the
tissue, the intervention movements were effectively
transmitted from proxirmal to distal, and the handling
of the proximal catheter end worked properly.
However, the tractability of the distal catheter end
and the proximal front-end of the housing need 1o
be improved.
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Intraduction

A large research proect is focusing on different
aspects of driving and vision in the elderly In this
context a screening tool for the Octopus 900
perimeter to  measure the visual exploration
behaviow that will support and enhance Tilness-to-
drive" assessments and decisions was developed.
The Gerontechnology and Rehabilitation Research
Group is also developing a new battery of tests to
measure higher visual functions. In both cases the
use of an eye-tracking technology is needed. The
first objective, in this project, is the development of
an algorthm to detect the point of gaze, in a 3D
environment and to precisely evaluste the gaze
behaviowr durng the visual exploration test. The
second objective is the implementation of a real
time fwation control to guarantee a high man-
machine interaction during higher visual functions
fests. Since most available remote eye gaze
trackers have low tolerance for head movements
and require the users to hold their heads unnaturally
still, the third objective is to study and implemeant a
possible solution to compensate head movements.
All the three developed features are integrated into
the Octopus 900.

Materials and Methods

Three versions of the algorithm are developed. The
first one assumes that the head of the patient is still
in a certain pesiton and werk only with the irages
returned by the Octopus 900. The second version
also assume that the head of the patient is still in a
certain position, but works with a wide range of
images. The last one allows to determine the point
of gaze under natural head movement, but work
only with Cctopus 900 images.

oo

Fig. 1 Superposition of iwo subseguent Fames with the
imlying malches
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Once the eye-tracker is developed it is important to
validate it A comparson with @ cormmercial device
(iview X HED produced by SensoMotoric
Instruments (SMI)) is used to validate the developed
eye-tracker.

Resulis

The validation process of the developed algorthm
shows that, this type of model is very sensible and
can lead to errors. However f the basic information,
the pupil center, is precisely gathered, the gaze
positon can be determined with a relevant
precision. More specffically, the developed eye-
tracker reports a median absolute deviation on the x
and y-axis of 1.5582° and 1.5013", respectively,
while the mean accuracy for the image based
techniques is normally between 0.5° and 27,
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Discusslon

This new eye-tracker uses an alternative approach
that does not require, like most of modern eye-
trackers, the glint Therefore it is paricularly suited
for eyeglass wearers where IR reflections overlap
with pupll region and intefere in the gaze
estimaton. The developed systermn is especially
suited to work with the setup of the Octopus 900. In
this context it was used o measure the gaze
positon of a series of participant during a clinical
study Gruber, Mirn et al [1].

References

1. Gruber, M., et al, Effects of age and eccentricity
on visual target detecton. Fronters in Aging
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Introduction

Prevention of hypo- and hyperglycemic events is of high
importance for ndviduals with Type 1 Diabetes (T10)
Recently, the use of dsta from Continuous Glucose
Monitoring (CGM) devices along with data-driven modeling
techniques have heen proposed for predicting glucose
profile and for generating alerts whenever these events are
forecasted. Individuals with T1D are thus enabled to take
appropriate actions (e.g. carbohydrate intake, suspension of
insulin infusion in case of a hypoglycemic event; additional
insulin, or physical activity in case of a hyperglycemic event)
in arder to prevent the onset of the event Cifferent data-
driven models such as autoregressive (ARX) [1], arificial
neural networks [2] and support vector machines [3] have
been proposed for glucose profile prediction. Each modeling
method has its swengths and limitations. It s expected that
2 combinaton of two or more modeling methods to take
advantage of their complementary prediction performances
may lead to i) accurate prediction of hypo-fhyperglycemic
events, i) less false alarms, and i) improved detection
tmes.,

Airm of this study s to improve, enhance and evaluate an
early warning system {EWS) for hypo-/ hyperglycemic event
prediction [4). The EWS is based on the combined use of
two adaptive models (an ARX with corrected output = cARX
and a recurrent neural network - RRM). Within the M3c
Thesis three different model fusion technigues have been
developed. Their effect in the EVWS has been systematically
investigated using data from individuals with T1D.

Materials and Methods

To merge the complmentary performances of the cARX and
RMM prediction models used in [4], data fusicn technigues
based on i) Dempster-Shafer evidential theory (DST), ii)
genetic algerithms (GA) and iil) genetic pregramming (GF)
were developed, Data from 23 individuals with T1D under
sensor-augmented pump (SAF) therapy were used. Figure
1 shows the steps involved in the enhanced EWS.
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Fig. 1: Early warning system for fypo-fyperglicemic events based
an firsion of Hood glucose predichion models.
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A

Results

The performances of the EWS using the proposed fusion
schemes (FWS-DST; BWS-GA. PWS-GP) were analyzed
and comparatively accessed with the original EWS. The
results are summarized in Table 1.

Table.!! Performance of the EWS and the EWS based on DST
(EWS-DST), GA (EWS-GA) and GP (EWS-GF) fusion schemes in
median (5th - 35th Percentiles). [CA: Comrect Alarms, DT Delection
Time, DFA: Daily False Alarms!

ciena | ews | ewsost | ewsca | ewscr
{A) Hypoglycemia
100 100 100 100
CACE | yondom | gootom | eaio0 (84-100)
167 184 13.0 123
OTémint | o2 | qosy | ioos) (8:20.0)
A 08 10 0.25 017
woran | wirae | o-oss i0- D
(B} Hypergiycemia
700 100 100 00
CAS | est0m | wm2i0m | (@si00) {92100y
. 4.7 6 121 120
OTimin} | (e 448) | 7248 (B-16.1) (8162
— 08 073 0.25 ]
poidy | w3in | ©-oss {0.0-1.2)

Discussion and Cenclusion

Among the three proposed fusion schemes the evolutionary
based (GA and GP) were the most efficient Furthermore,
the EWS-3A and EWS-GP outperforrmed the initially
proposed BEWS in terms of daily false alarm. However the
detection time of hypo and hyperglycemic events was
slightly reduced. |n terms of prediction accuracy an equal
performance of 100% was obtained.

From the results, it can be seen that the fusion schemes
permit higher detection accuracy with much lower false
alarm rates. Further investigation is needed in order to
improve the detection time. Concluding, the proposed EWS
system  might be a wuseful tool for hypoglycemic
unawareness, while it can be used as a safety module in
insulin pumps and contrallers for an artificial pancreas.
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Introduction
The loss of voluntary function in limbs and other
body parts, also knowh as paralysis, is caused by
disease or injury o the neuromuscular system
However, in an upper motor neurone lesion. the
muscles themselves retain their abiity to contract
and produce force, By applying appropriate
electrical fields to the lower motor neurons, action
potentials  are provoked adificially. Funchional
Electrical Stimulation (FES) & used fo restore body
functions. Mobile and dynamic applications, such as
oycling or walking, require powerful portable
devices of small size, which allow the patient to
move freely and without disruption by ong wires
Most currently available devices for FES come in a
bulky design and thus are restricted in portability,
The aim of this project was to develop 2 novel
wireless controlled FES system, which provides
functionality for eycling applications and  fulfils
output performance requirements for the actwvation
of large human muscles,

Materials and Methods
The proposed FES system consists of three major

sub-units.
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Fig. 1 Concept for wireless controlled FES-cyciing.

The first one is the coordination unit, which serves
as a user interfage and manages the overall
process, |t interacts wirelessly with stimulation units,
which form the second magor sub-unit. Each
stimulation unit generates electrical pulses on four
channels simultanecusly. In cycling applicaticns two
stimulators are required — ong per leg. A sensor
systern, including a data transmitter, is placed
directly on a recumbent tricycle and forms the third
sub-umit of the system. It logs sensor data, and
sends it wirelessly to the stimulators. Depending on
the pedal position, measured by an encoder,
spacific leg muscles are triggered phase-wise in
order to obtain cyclic motion of the legs. Using a
throftle, the wuser can change the stimulation
intensity, resulting in changing cycling spead. An
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emergency stop button enables the rider to
terminate the muscle stimulation immediately.

The hardware amnd software for the stimulators and
the data transmitter, as well as the application code
for the smarphone-based coordinator (Android OS5),
were developed within this thesis.

Results

The described system has been implemented and
tested. Stimulation parameters can be  set
individually for each channel on each unit (current
amplitude: 10-150 mA, pulse width: 15500 ps,
frequency. 5-100 Hz). The accuracy of stimulation
pulse modulation is of the order of 1 ps with regard
to timing and 0.5 mA in amaolitude,

Fig. 2 Newly developed FES-syslem in cycling use.

Textile leg pockets allow installabon of the
stimulation units directly on a patients legs in order
to keep the distance to the surface electodes as
short as possible, |n crder to set up a flexible and
low power network ANT technology was selected.
Its determined range is =30 m.

Discussion

Tests have shown that all specificatons were met,
and performance requirements were fulfilled. Puise
modulation can be rated as very accurate. The
wireless range is sufficient for the proposed
applications, Due to its aspect ratic, minimal wire
length and ease of operation, this novel system has
substantially improved functionalty when comparead
o existing FES devices,
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Introduction

Percutaneous ablation therapy required accurate
placement of applicator needles into tumors to be
treated. Recent research at ARTORG center has
shown that the use of a mechanical needle guide
leads to a significant improvement in needle
placement accuracy when compared to free-hand
needle insertion [1]. The research was performed
using commercially avalable devices for needle
auidance such as the Atlas Needle Guide (Elekta,
Stockholm, SE) and iSys1 neelde Guide (iSys,
Kitzblhel, AT} Both function with the CAS-One IR
system, but have several disadvantages in terms of
usabilty and accuracy of calibrationfracking as
none of them has been developed for navigated
needle insertion Therefore, there is a large
potental for improvements towards a dedicated
product for navigated percutaneous interventions.
The aim of this thesis is the development and
production of a customized nesdle guidance davice
for navigated needle inserion with CAS-One IR
{CAScination, Bern, CH),

Materials and Methods

After an analysis of existing products on the market,
a ‘twoaxis needle, selfblocked algnment
mechanism with adaptable needle guide is selected.
Eased on this choice, a first prototype is designed
and manufactured using 3D printing on a Z-Corp
Z510 printer using zp131 plaster powder (3D
Systems, Rock Hill SC, USA). The prototype is then
used to wvenfy if usability and ‘workspace
requirements for the clinical application on the liver
are fulfilled, Three optmzation iterations are done.
Especally the fixation to a 20 arm, the alignment of
the rotational axes and the marker visibility are
evaluated and guantified with a benchmark. Finally,
the production of a fully clinically applicable
prototype is started based on guidelines for medical
devices and production documents.

Fig. 1i5ys1 flog, Allas needle guide {Battan)
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Results

The produced aiming device has two rotational axis
with a working range of +/- 267 and a resolufion for
fine adjustment of 0.2°. A usability test composed of
representative frajectories defined by a radiologist
shows that the device could be aligned with the
trajectory in &/9 cases while the markershield was
visible by the IR camera. Targeting accuracy was
tested on a rigid wooden phantom and shows a
needle placement error of <2mm for 3 different
trajectories with an  average length of 12cm
Furthermore, the device covers the range of
clinically used needles with diameters O to Smm.

Fig. 2 Customized needle guidance

Discussion

The result of the thesis i= a customized neadle
guidance, which was successful integrated in the
CAS-One IR framework Produced out  of
biocompatible materials, the device is expected to
be compatible with standard sterilization process.
The proposed geometry allows to resch most
clinically relevant needle trajectories and to guide all
types of applicatorsneedles used in percutaneous
interventions Future work could optimize the
geometry to reach strongly inclined |ateral
trajectories.

References

[1] DWallach, et al, (2013} Comparison of free-hand
navigated and aiming device navigated targeting of
liver lesions, International Journal of Medical
Robotics and Computer Assisted Surgery: MRCAS
Jul

'
UL
B



Stereovision using a Biprism in the Anterior and Posterior Eye

Adrian Blchi

Supervisors: PD Dr. Jens Kowal and PhD candidate Sandro De Zanet
Insstutions: ARTORG Center for Blomedical Engineering Research, Liniversitat Bem

IIniversitatzkinik fir Augenhedlbunde, Universitit Bem
Exammars: PD Or, Jernt Kowal and PD Or. Mauricic Foyoec

Introduction

Accurate diagnosis and therapy are crucial to
minimize retinal disorders  and  consequently
impairment of vision. Current diagnosis of eye
diseases such as relinoblastoma or diabetic
retinopathy, rely heavily on the expenence of the
ophthalmologist. In the scope of this thesis the
potential of 30 stereo-vision of visible pars of the
eye is explored using a biprism. In such a system a
single-lens camera results in two virtlual cameras
providing  binocular  wvision. Compared to a
conventional  sterec-camera  system, this  has
numerous advantages for stereoc reconstruction
e.g. correspondence search).

Materials and Methads

Images of test chjects and the iris were acquired
with @ custom designed camera setup and the
integration of a biprism into a fundus camera was
examined.

Mo S

Fig. 1 3D Reconsiruction of a Spherical Object thralf was
vsed for Radius Estimation by the Means of Leastk
Squares

A= an initial step, stereo images are preprocessed
and rectified by basically rolating the image frame
captured with the camera. Scale-invariant feature
fransform (SIFT) descnptors are matched in both
images. For every matching pair the angle to the
horizontal axis is calculsted. The average angel is
then taken to rotate the image. The result is a
stereo plane with epipolar lines horizontally aligned
Different dense comespondence algorithms were
implementad. In 2 hierarchical approach disparity
search is peformed on & downsized image used as
initial estimate of the disparity map that is refined
with dispanty searches on higher-level mage layers

Results
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Visual inspection showed anatomically correct
reconstructions, To support the visual assessment,
a numeric evaluation of the modals was done, Two
concepts were used, comparing the radius of a
spherical cbject to the one estimated with
reconstructed 3D points and comparing found
dense comespondences agamst SIFT descriptor
matches. The radius of the sphere is reliably
estimated (7.69mm) compared to the measured
radius (7 8rmm). For the same abject 85 70% of the
dense comespondences differed by maximal cne
disparity compared to the SIFT descriptor matches.

Fig. 2 30 Reconsiruction of the kis using a Herarchical
Approach of a Dense Reconstruclion Algoritim

Discussion

A great advantage of a biprism system s that a
single camera can be used for 3D vision. A
drawback is that less than half of the camera sensor
is used for each stereo view. This should not pose a
problem considering the high resolution of CCD
cameras.  Surprisingly  high  accuracy  was
accomplished for such a simple system and it was
shown that stereo views of the fundus can be
acguired using a biprism.

Reference

L DooHyun, A novel stereo camera system by a
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Introduction

Dementia is an age-associated disease with a
growing number of patients Despte cognitive
impairments, most dementia patients wish to lve
independently in ther own home as long as
possible. Doctors and caregvers have a vanety of
possibilities to assess the patient's cognitive status,
but they often lack knowledge about how well the
patients cope with a¢tivities of daily living (ADL). To
provide good and effective care, information about
how good patients cope with ADL is important It
would be interesting to determine the ADLs directly
in patient’'s homes. A possible technical solution are
non-infrusive sensor networks to monitor patient's
activities.

Materials and Methods

Prior to this master thesis, a non-intrusive sensor
systern has been developed and verified in a pilct
study with ten healthy subjects [1] The systems
sensars measure ambient values such as motion,
temperature, luminescence and humidity, They are
set up in every room of a subjects flat to capture
ambent values, The measured data is transferred
via a wireless protocol to a laptop, which stores it for
later analysis. Furthermore the subjects were given
a protocol device, with the aid of which they logged
the performed ADL.

Fig. 1 Non-invasive wireless sensor nebwork consisting of
len sensor boxes and @ laptop. The senscrs measure
ambient valves and fransfer them via a wireless protocol fo
the lapiop, which stores the data

Based on existing classification algorithms, a
combined clustering-classification  algorithm  was
developed to determine ADLs. The evaluation of the
classification performance was done with a cross-
validation on the data measured durng the pilot
study. Furthermeore a data viewer was implemented,
which provides a convenient way fo view the ADLs
the subject performed by the subject.
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Results
After developing an  iniial dustering, three
classification algerithms were evaliated

Performance comparison of tested classifiers

Classifler Sensitivity | Specificlty
Maive Bayes 26.72% £9.85%
Support Vactar Machine 41.68% 52.34%
Random Forest B1.23% £9.05%

Fig. 2 Comparison of classifier performance (mean
performance over alif ADLS) in cross-validation.

After improving the clustering algorithm, a mean
sensitivity of 81.23% and a mean specificity of
99.09% was achieved using Random Forest
Classification results were visualized in  the
mplemented data-viewer.

T T T

(=211
T T

v e | W e B Sy S I S .

= e = = m o

wondey Fra i =ed

Fig. 3 Two wvisvalization examples of lhe classification
resuits. The fop image shows, that somelimes mofioniess
acthvities {like watefing TV) can be missed, The bottomn
wmage flustrates, thal visilors nol only can be delected, bt
that also their ADLs are determined.

Discussion
Of the tested classification algorithms Random
Forest was found to have the best classification
performance, Furthermore it could be shown, that
clustering can be used to improve classification
performance.,
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Introduction

Mechanosensitive ion channels (MSCs)
incorporated into cell membranes react to the
application of strain by changing their conductance.
They play important roles under physiological
conditions where they act as sensing elements in
many regulatory feecback systems So  far,
experimental systems permiting a  linear
stretchirelaxation of mechanosenstive cells with
dynamics comparable to the in vivo situation are not
available. Moreover, systems that would allow to
perform patch clamp experiments on single cells
undergomyg linear stretch are not available. This 1s
most likely due to the fact that such a system needs
0 keep positional stability at the site of the patch
electrode during stretch with a precision in space <
1 pm.

Materials and Methods

Following initial design and simulzstion studies, the
systemn ultimately implemented consists of a flexible
cell culture dish (FCCD) that is actsated by
stretching kinematics based on voice coll actuators.
The design of the FCCD was inspired by a
honeycomb structure which was modified to obtain
a strain fields as uniferm and unidirectional as
possible. The FCCD is  realzed by a
polydimethylsiloxan casting process, whereby the
mechanical interfaces are part of the mold to avoid
clamping stress and alignmert problems Voice eoil
actuators were chosen because they offer very high
dynamics, low vibration and high force-to-size ratio.

Fig. 1 Ceid strefching kinemalics with mounted flexible cell
cufture dish, integrated into an inverted microscope.

Waster's Thesis in Biomedical Engineering

Results

Whereas the systemn designed met all the
reguirements in regard to the dynamics and size of
stretch, the positional stabilty did ultimately not
reach the goals set forward, In-plane displacements
during stretch are shown in Fig. 2 and reached, in
the center, 11 um. Displacements in z-direction as
estimated by focus adjustments of the microscope
amounted to = 4 pm during application of 10%
strain,

Fig. 2 in-plane displacement of the cenlral memivane of
the FCCD as a resull of 12% principal strein, The white
bars comrespond to 500 pm,

Discussion

While the systems offers unprecedented dynamics
for investigating stretch dependent activation of
mechanosensitive channels, it fzlls short of
producing the positional stability required for patch
clamp experiments. As is, it will permit for the first
time optical measurements of impulse conduction in
cardiac cell strands subjected to precisely timed
changes of strain of defined magniudes and
dynamics.

Refersnces
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induced stress patterns and wrinkles in hyperalastic
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Introduction

Osteoporosis is a disease that reduces bone mass
and consequently increases the nsk of fracture. A
typical location of an osteoporotic fracture is the
distal radius Bone mass and its micro-architecture
can be measured in the distal radius using high-
resglution  peripheral  guantitative  computed
tomography (HR-pQCT). Based on the obtained
Images, a linear micro finite element (JFE) analysis
can be performed to eshmate fracture load, This
computation takes currently from 30 minutes to half
a day. A new generation of HR-pQCT scanner was
recently released, namely the XCT2, providing
higher resolution or reduced scan time. The aim of
this project was to validate experimentally a non-
linear XCT2-based homogenized FE (hFE) model to
quantify stiffness and strength of the human distal
radius at a reduced computational cost

Materials and Methods

A compressive testing device for bone sections was
designed that could be adapted on a servo-
hydraulic testing rmachine. A ball joint system
allowed rotation of the compression plate around all
axes and an optical tracking system provided the
actual postion of the plate. Twelve pairs of
cadaveric forearms were obtained from human
donors (mean age = 77.2 £ 8.5 years), All arms
wera scanned intact 1o replicate in wvo conditions,
Both a slow, high resolution and a fast, low
resolution scanning protocol were applied. A 20mm
bone =ection was then dissected out of each
forearm and subjected to axial compression using
the developed device (Fig. 1), Stiffness and strength
were extracted from the resulting load-displacement
curves. Voxel-based hFE models of the secticns
were then generated from the two types of XCTZ2

| I
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Fig. 1 Experimental compression setup (lef) and voxel
bazed hFE model of the same section (right.

The hFE models used a calibrated bone volume
fracton (BVITV) and ftsbrc-based non-linear
material model to account for heterogeneity and
anisotropy  of the bone. A simplified axial
compression  without rotation was  appled to
compute stiffness and ultimate load of each sample
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(Fig. 1}. Finally, validation was performed by a one-
to-one comparison of the experimental stiffness and
ulimate load with their numerically predicted values
using lmear regression analyses.

Results

Strong comelations between hFE and experimental
results were obtained for stiffress and ultimate load
for both protocols. However, the hFE simulations
predicted higher values for stiffness and ulimate
load, espacially for the high-resclution protocol (Fig.
2).
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Fig. 2 Experimemial validafion analysis affer excluding 3
specimens (2 oulliers and 1 incomplete image).
Discussion

The results of this study confirm that the XCTZ-
based hFE models are reliable tools to predict the
ultimate load of the human distal radius. In fact, the
correlation  between experimental and numerical
strength obtained here is sliahtly better than the one
from a previous validation study using XCT1-based
non-linear hFE with smooth meshes (R*=0935) [1]
This may be attributed to the wider range in radial
strength measured in this study and to the higher
quality of the XCT2 reconstructions.

The predictions of the hFE simulations may be
further improved by inclusion of the rotation of the
lcading plate during compression and an extended
calibration function to cover the full range of bone
volume fraction, The results and computing time of
the hFE models remain also o be compared to the
ones of the standard PFE madels.
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Intreduction

People suffering from Type 1 Diabetes (T10) need
multiple daily insulin injections to control their blcod
glucose. The dose should be adapted for each meal
in order to avold hypo- or hyperglycemic events,
which can lead to dangerous situations for the
patient. Each individual with T1D reacts differently
o insulin. Within a day a person can show varying
insulin sensifivity (S)), and thus the calculation of the
right insulin dose is a challenging task Insulin
sensitivity defines by how much the blood glucose
will be lowered after injection of one unit of insulin. It
iz an important element for individuals with T1D as
an indication of how the body responds to insulin
and will be useful to optimize insulin therapy.

Materials and Methods

Insulin  sensitivity In  individuals with TiD is
estimated from clamp test or an intravenous glucose
tolerance test, which is interpreted with the minimal
madel of Bergman [1]. This is a mathematical model
describing the behavior of the glucose-insulin
system. The acquired during the test ghucose and
insulin concentrations yield a value of insulin
sensitivity, Si(oral). Both methods are expenswve
and inconvenient for the patient. Therefore, indirect
methods based on continuous glucose monitor
{CGM) and the insulin pump datz are being
developed. With these methods, intra-day variability
can be asseseed without requiring blood sampling,
which constitutes a considerable benefit for the
patient. One of these methods uses transfer entropy
(TE}, which is the transfer of information between
glucose and insulin, named S, [2]. TE is based on
probabilities and assesses causalty between
glucose and delayed active insulin time series. A
second method, named S°, is an adaptation of the
minimal model of Bergman [3] Using the adult
population of the UVa/Padova T1DM simulator the
two new methods were compared to the minimal
model estimation considered here as reference
value, Different meal scenanos, having varying
carbohydrate {CHO) content were used to test the
three implementations. Insulin was administered
with a pump according to a fixed insulin to CHO
ratic (IC ratio) and the amount of CHO in the meal
and the glucose concentration was measured by an
in sifico CGM.

Results

All subjects had good glucose control Correlstion
analysis showsd that for the adult population the
three methods correlate positively with significant p-
values (p=<0.01). The details are shown in Tabke 1.
Of note, 5" needs four days of dala to reliably
estimate one value of insulin sensitivity but does. not
need information about the meals consumed. 57 is
able to estimate a value for each meal, but requires
that the blood glucose concentration is lower than
150 mg/di at the end of the chserved period. This is
problematic when several meals are ingested in a
short peried of time, as the glycemic responses add
up and this condtion is not fulfilled anymaore.

Table 1 The corelation coefficens of the analyzed meal
SCETArios

thee equal COmElex
meals SCEnano
Sioral) vs. S 0.54587* 062160
Siforall vs. S 0.51811* 041494
5Fys g 0.49850* 0.30346*
* 0<0.01
Discussion

The newly presented methods are able to estimate
mnsulin sensitivity  reliably  under  given
circumstances. The good comelation of S5 with the
reference method Si(oral) could be expected, as the
latter serves as 2 basis to the new method. To
determine which method 15 better at quantifying
insulin sensitivity, further investigations have to be
performed e.g. with individuals with T1D. As insulin
sensitivity is, along with the amount of CHO in the
mezal, an important parameter for the estimation of
the insulin dese, it is conceivable that S might play
a role in bolus calculators and artificial pancreas
algorthms in the future. Furthermore, current
studies are investigating the effect of physical
activity on insulin sensitivity with the goal to include
this information in artficial pancreas zslgorithms as
well,
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Intreduction
Osteaporosis s a skeletal disease characterized by
low bone mineral density (BMD) and increased
fracture risk High Resclution peripheral Quantitative
Computed Tomography (HR-pQCT) allows in wivo
assessment not only of BMD, but also of the 3D
microgrchitecture  suitabie for computing  radial
strength with micro finite  element (UFE) models. A
second generation HR-pQCT, the XCT2, recently
emerged on the market with reduced measurermant
tirne and higher image resolution.
The aims of this study were 1) the establishment of
the calibration functions for BMD and fabric
necessary for an alternative, faster homogenized
FE (hFE) approach 2) Measurement of the
reproducibility errors of BMD and the mechanical
variables calculated by hFE using XCT2

Materials and Methods

Fourteen pairs of human forcarms were scanned
three times on the XCT2 with high (HR=61pm) and
low resolution (LRE=81um). The most distal radius
sections of 20mm were dissected and scanned with
an n vitro scanner JCT100 (Scanco Med. AG) with
a resclution of 16 4 Um Isotropic voxel size. Using
rigid image registration all XCT2 scans of each
sample were registered to the reference images of
the NCT100. Registered cubical regions of interest
(n=133) were selected to calculate bone volume
traction (BVITV) and fabric eigenvalues in the XCT2
and JCT100 images. Following hFE analyses of the
radial seclions, the shof-term  reproducibilfy
precision ermors of BMD, stifness and ulimate load
were evaluated for both HR and LR imaging
protocols [11.

Results

Fig. 1 Calibration funclions for EV/TV (l2f} and fabric
eigamalues rghl). Evaluated based for XCT2-HR images.

The calibration functons for BVITY and fabric
eigenvalues are shown in Fig. 1, while the precision
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errors of BMD and the hFE variables are shown in
Fig.2 for the two XCT2 measurement protocols.

MET2 Aepeoducibility

£

é % Corfidarce interval
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Fig. 2 Measured precision ewors for XCT2 derived BMD
and hFE based stifmess and ulimate foad (HR=61um,
LR=31um isometric voxe! size).

hFE Ropred ucibility

Discussion

The calibration functions based on the XCTZ for
BV/TV {HR R'=0.983 LR R'=0.878) and MIL (HR
R'=0989, LR R'=0968) (Fig. 2) showed better
correlation compared to the results obtaned in a
previous study [2] where the first generation XCT1
scanner was used (BW/TV R=0852, MIL R=
0.978). The repraducibility eror of the XCT1 (82um
isarmetric voxel size) was evaluated in Mueller et al.
and showed a precision error betaeen 0.758:-1.33%
[3]. The achievements of the current work can be
exploited in in wvnio measurements of the XCT2
scanner to predict stifness and strength of the
human distal radius using the HR-pQCT-based hFE
analysis. Several limitations must be mentioned.
First the range of BVITVd has a maximum of 20%
and the extracted cubes are limited to trabecular
bone. Second image registration included a rigid
rotation and interpolation of the image, which may
potentially reduce the image quality. Last BVITVd
calibration for hFE was based on the segmentation
of the UCT images with a global threshold.
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Introduction

Impairment of the phrenic nerve causes partial or
full paralyzation of the most important muscle for
respiration, ie. the diaphragm To diagnose
phrenicus paresis, the movements of the diaphragm
have to be analyzed. Mowadays this s done with
ultrasound or fluoroscopy examinations. A more
sensitive and qualitative examination method could
reduce the need of surgical treatment, which usually
is necessary in  the ahsence of recovery
(spontaneous or due to other treatment technigues).
Moreover, it would allow guantifying treatrment
success restricted to functional unitz of the
diaphragm more precisely,

Currently applied radiological techniques analyze
the diaphragm in maximal three dimensions (e.g.
two spatial dimensions plus time). The developed
program s supposed to improve examinations of
diaphragm movements by analyzing the diaphragm
in 4D autormatically. Instead of analyzing poirts or
lines of the diaphragm only, the dynamic behavior of
the whole diaphragm as well as of functional units of
the dizphragm can be evaluated.

Materials and Methods

3D MR images are analyzed sequentially to
reconstruct the shape and movement of the
diaphragm, First, a region of interest is determined
to roughly localize the diaphragm in the volume,
Then the images are enhanced and a modified
Carnny edge detection algorithm extracts the edge
between the abdominal and thoracic cavities. The
edges are used to calculate a Gradient Veclor Flow
field, which in turn is used as the external force field
of a 30D snake (active contour). The final positions of
the snake are used to reconstruct a 30 shape of the
diaphragm, Concatenating the reconstructed
diaphragms over time allows analyzing the
movemeants of the diaphragm in 40, Measures to
guantify and qualfy the reconstruction of the
diaphragm and the movability of the diaphragm
were introduced. Ground Truth was created for two
breathing cycles of five healthy subjects, and used
for a leave-one-out cross-validation.

Results

The mean Euclidean distance between voxels of the
reconstructed diaphragnms and the Ground Truth
was between 1.81 mm and 3.53 mmfor all subjects.
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Fig. 2 Lung volume change of two brealhing cvees of a
healthy subject caused by diaphragm moverment

Discussion

The results depend directly on the qualty of the
analyzed MR data but encourage further
developments of the program and clinical routines
using automatic 40 analyses nevertheless.
Although the developed program is not ready for
clinical use yet, it might be a valuable tool for
research

The developed program could also be used fo
create models of the diaphragm and for motion
tracking of other organs, which couid be registered
to the diaphragm e.g. motion tracking of lung tumors
for radiation therapy.
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Intreduction

Tendon and ligament mjury is a major health
problem worldwide, with only few treatment options.
Partial tears or total ruptures of tendon and
ligaments occur through sudden, excessive strainor
repetitve  loadings over long periods of time,
Common treatments of partial or total ruptures
range from physictherapy to aulo- or allograft
replacement surgeries. Repairs using autografis
bear the risk of damage to the donor site, whereas
allogreftis pose the potential risk of immune
reactions, An approach to  repair injured or
degenerated  tendonfligament lies  in  tssue
engineered autoclogous grafts  produced by
dedicated higreactors, applying  dynamical
mechznical stimulation to the tissue.

Materials, Methods and Requirements

Using =an existing prototype device and a
mechanical testing and sensing machine, three
mechzanical failure tests were conducted using
hurman anterior cruciate ligament (ACL) samples. A
displacement rate of 0.5mm/s was used and ACL
properties, prototype concept and different fixation
methods were tested. With this data, a strain-
controled mechanical stimulation bioreactor was
developed and built. Basic reguirements for the
device included guaranteed sterilty, controlable
conditions of the sample chamber {(pH, temperature,
humidity, C0:), secure fixation of different sample
tvpes (tendon, ligament, artificial grafts), continuous
dynamic stimulation, exact strain contrel and force
measurement.

Fig. 1 a} CAD drawing of clamps with zigzag profile for
sample fixation. Clamps feafure holes for soft fissue
samples or artificial grafts otherwise damaged by fixation,
Bl Strain adjustment wheel! with ex-cenfer. Radius up to
10mm resulting i 20mm maximal displacement,
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Results

The failure test results confirmed the Iterature and
faillure at the ligament ingrowth site was ohserved.
The device fulfilled all vital requirementz Two
secondary points, the space requirement (too wide
to fit four in a row] and maximal possible frequency
{4.56Hz instead of SHz) were not fulfilled.

Fig. 2 & Assembied device with motor Block in back,
sample chamber in fFont, force measurement adiscent io
sample to minimze errors. B} Force measurement oad-
cell with open inserfion mechanism, fexible height
depending on sample geomely.

Discussion

The device fulfilled the main requirements and is
able to mimic physiclogical mechanical tensile
forces for different types of samples. A maximal
displacement af 20mm is possible with a frequency
of 456Hz and continuous torque of 2.5Mm.
Compression and stretch forces are measured with
0.1% accuracy in the range of +/-100N. The fixation
mechanism minimizes tissue damage and can
secure a wide range of geometries. The cost of
parts and Iabor was 35 times lower than
commercially available products of similar capability.
Final optimization and testing of the device was not
possible due to time constraints.
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Introduction

Low back pain (LEP) is a pervasive problem that
affects two thirds of adults at some point in thair
lives. There is a body of evidence suggesting that
disc degeneration is associated with LBP. Howewver,
degenerative changes do not develop at the same
rates in females as compared o males. In elderly
subiects 55 years and okder, females tend to have
more severe disc degeneration than males [11
Interestingly, the roles are switched at younger ages
- young men are more inclined to  have
intervertebral disc (IVD) degeneration rather than
age-matched women [2].

The aim of the thesis was to find a sex difference in
cells harvested from degenerated discs. To
accomplish this, IVD cells were taken from female
and male donors aged 44 years and younger and
differentiated to chondrogenic lineage on gelatin
scaffolds, in both  normoxia  and  hypowia
environments.

Materials and Methods

Chandrogenic differentiation of female and male
IVD cells was investigated in donors who had a
lumbar discectomy Cels derived from Annulus
Fibrosus (AF) and Nucleus Pulposus (NP) samples
from pre-mencpausal female donors under the age
of 45 were used and compared to samples from
age-matched male donors (aged 44 and younger)
VD cells were seeded on gelatin scaffolds and
cultured for chondrogenic differentiation for 7, 14,
and 28 days in normoxia, and 7, and 21 days in
hypoxia. Chondrogenesis was assesssd by ozl
viahility, by measuring gene expression using
guantitative  polymerase chain  reaction and
extracellular matrix.  (ECM) accumulstion with
immuroblotiing, immunohistochemical (Fig 1), and
biochemical methods.
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Fig. 1 immunohisfochemistry microphotographs of femalke
(h32) and male (h77) AF and NP cell consfructs cuftured in
chondrogenic media for 7 and 21 days in 37* hypoxia, The
figure iiusirales the ECM sfaining of NP ceils (enfire scale
bar is 500 pm),
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Results

We could demonstrate through glycosamincglycan
(G AG) and DMA determination that female VD cells
produced faster proteoglycans than male IVD cells
after 7 days in hypoxia cultivaticn. These results
were in agreement with previous unpublished
findings (Dr. Berlolo, personal communication) of an
existing gender differances in ECM gene expression
of IVD cells after 7 days of cultivation in normeoxia,

In addition, we observed a significant difference in
collagen type || mRMNA expression between male AF
and NP cells after 21 days of hypoxia cultivation
This result confirms those of others that collagen
type Il is re-expressed in alginate cultures.
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Fig. 2 A) Analysis of IVD cells cultured in chondrogenic
media for 7 days at 37'C hypoxia. A) GAG/DNA Ralio, B)
gene expression of collagen type I Values indicale
average resull (n=12) and the error bar represents the
standard deviabion.

Discussion

This study, on gene expression, found o
differences between sexes of other key ECM
components of the disc namely aggrecan and
collagen type | and type ||, Interestingly, aggrecan
mRNA  expression did not reflect the GAG
accumulation of IVD constructs after 7 days. This
can be explained by the fact that GAGs are not anly
attached to sggrecan but also to other protecglycan
types or that the peak of aggrecan mRMNA
production occcurred at a time point hefore the
sampling. However, more work on sex differences in
IVD cells needs to be done, as chondrogenic
differentiation was only tested in an ill-defined cell
population. Thus, in further studies, IVD cells from
healthy donors shoukd also be tested,
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Introduction

Autormnatic brain turmor segmentation i important to
establish an accurate diagnosis and to assess
treatment success, The cument model is based on
the structural Ty-, Tiz-, Tz and FLAIR-weighted MRI
sequences, In a first step, a number of different
image featuwres are extracted from the images.
These features contain information on which the
assignment of a tissue lzhel via a random forest is
based on, To take spatial relations into account, the
random forest output is regularized with a
canditional random fiekd. The first part of the thesis
was concemead with extending the structural image
set with the functional ADC map. An ADC rap is
calculated from diffusion weighted images and is
used in clinics for diagnosis and treatment
assessment of brain tumers. The second part of the
thesis focused on novel Riesz texture features and
their use for automatic brain tumor segmentation. In
a last parnt, the employed wealk learner was replaced
with two alternative models. The influence of these
models with respect to segmentation perfarrmance
was evaluated,

Fig, 1 Classificalion output of
random forast and subsequent
regularization step. Labels for
healthy bssue (gray malier,
white matlter, cerabrospinal
fiuid) and tumor (necrosis,
edema, enhancing and non-
enhancing tumer),

Materials and Methods

The work of this thesis was based on the fully
autormnatic brain tumor segmentation model first
proposed in [1]. As 3 result of subsequent work
described in [2], 237 image features were extracted
from the structural image set The peformance of
this feature set was used as base for comparison
during this thesis, For the evaluation of the ADC
map tWwo experiments were performed The first
expenment was conducted to evaluate © the
performance of the segmentation model can be
increased with the additional ADC features. The
second experment was performed to investigate
whether the ADC map and the T.-weighted
sequence contain redundant information. The Riesz
features, obtained from the Riesz transform are
rotation and scale covariant These features and
derivations thereof (bag-of-words, energy) were
evaluated in a similar manner as the ADC features.
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The alternative weak learner model consisted of an
oblique splitting hyperplane. In a first experiment,
the hypermplane was computed besed on ridge
regression (RR) and in a second expernment
principal component analysis (PCA) was used,

Fig. 2. Oblgue spitting 4o
hypeiplane as weak learner
model. The orienfstion of Ay R

he hyperplame s oblamed al.s At
from ridge regression and A i e 2 5
principal component R :-"
analysis. (Source, Criminisi _.a“' e
el al, Decision forests for Ty s

compuber Vision and
medical imege analysis) b

Results

Cualtatively, one could ohserve performance
differences in all three parts of this work compared
to the performance based on the feature set from
[2]. The largest impact could be seen for the
alternative weak leamer models. However, a
guantitative analysis revealed that no statistically
significant performance improvement could be
achieved with neither the ADC nor the Riesz
features or the alternative weak leamer models,

Discussion

Although ADC maps appear to be valuable with
respect to brain tumors in clinics, the knowledge
transfer from clinics to the cument technical
segmentation approach is rather challenging. The
Riesz texture festures seem to have promising
properties  for extracting image  information.
Mevertheless, at this point it remains unclear
whether the current segmentation pipeline can take
full advantage thereof, The experiment with
afternatve weak leamer models has revealed that it
is important o understand the data arrangement in
the high dimensional feature space to choose a
reasonable weak learnsr. In summary, this thesis
has given an important insight into three dfferent
aspects of the current segmentation model
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Intreduction

Cver many decades, the electrocardiogram (ECG)
has become an impotant dagnostic tool [lor
diseases of the heant muscle or the heart's electrical
conductivity system, Unfortunately, the impecrtant
signals from the stria are much weaker (than the
QRS) and are not alvays easily recognizable.

The esophageal ECG (eECG) plays an important
rale in long—term measurements. The position of the
esophagus near the heart is a great advantage in
recarding the signals from the atria, In the eECG,
howevear, motion artefacts (called baseline wanders
BLW) can be caused by swallowng or breathing, or
even by the patient's heart contraction fself.

Since the ECG has frequencies similar to the BLW,
motion artefacts are not easy to filter out. For this
reason, a new ftechnigue must be used fo
differentiate thess signals.

An electrochemical model of the electrode—skin
interface was developed by Webster, A simiar
model for the electrode-esophagus interface has to
be worked oul  An  Electrical |mpedance
Spectroscopy (EIS) must be used to determine the
different impedances of the interface. Since the
various electrical sources are connected by different
impedances, they should react differently on load
variations

Measurements and Results

In Vivo: Several measurements were made at a
pig's esophagus. Since the condibicns changed
during the measurements (movement of the
catheter, gastric acid has surged up into the
esophagus), only a part of the measuraments were
then used to build up a second order model

_— = 2w Ohvidled bbordal
Imp=dance Pig
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Fig. 1. Measured impedance of the pig’s esophagus
({green) compared with the second order mode! (Mue).

In Witro: Measurements were obtained because

measuremants with a low frequency in the range of
mHz (expected low pole frequency) are not possible
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o cover in an in vive setup. Therefore we imitated
the electrolyte (mucusfsaliva) in vitro and measured
in four different sodium chiloride solutions (MaCi).

Companmon MaCl sSed, Farsdey
000 el v
— 1k il o
i Sy 10 rrell rmanl
2 1 mil gt

] oy

) [

1t
Fig. 2: EIS with saveral NaCl concenfrations (mili mof).
The impedances rize and culoff frequencies move fo lower
freguencies as the MaCl concentration decreases.

Discussion

The data which we collected from the pig's
esophagus are not transferable cne-on-one since
the pig was under general anesthetic and conditions
were not stable  during  the measurements.
Mevertheless, the in vivo measuremant shows that
the esophagus-electrode inteface behaves like a
rmadel higher order than two.

The in vitro measurement explains how the system
nfluenced by MaClk The impedance falls and the
possibility of electrochemical comosion  and
disruptive breakdown of the electrode increases
along with the increased MNaCl concentration.

Since gastric acd (HC) may nse up inte the
esophagus, measurements with HC should be
ncluded to enhance the quality of the model of the
esophagus—electrode interface

References

R. Wildhaber, Removing ECC Meotion Artifacts by
Adaptive Signal Decomposition, 2014,

J. Goelte, Biomedical Signal Processing and
Analysis, 2014

J. G, Webster, Biopotential Electrodes, Medical
Instrurmentation: Application and Design. 2009,

Acknowledgements

| would like to express my gratitude to the HuCE
Institute of the BFH, especially to my supervisors
Reto  Wildhaber, Josef Goefte and Thomas
Miederhauser who have supported me throughout
the work on my master's thesis

'
R CLTE
mren

Master of Science in Biomedical Engineering 2014 47



Investigation into the Suitability of Collagen Scaffolds for Use in

Anterior Cruciate Ligament Repair
Rachel Horovitz

Supsnitors: PO Dr. Benjarmn Gantenbein and Dr. med. Sandro £ohl
Institutions:  Instute for Surgical Technology & Biomechanics, University of Bem, Switterland

Depatment of Ovthapaedic Surgery and Traumatology. inselspital, University of Bem, Switzesdand
Fxaminers: PO Dr Benjarmin Gantenbein and Dr med Sandro Kohl

Introduction

Anterior cruciate ligament (ACL) injuries are very
common, in Germany incidence of ACL ruptures is
estimated at 32 per 100000 in the general
population snd in the sports community this rate
more than doubles. Cument gold standard for
anterior cruciate ligament repair is reconstruction
using an autograft However, this approach has
shown some limitations. A new method has been
heralded by the Knee Team at the Bern University
Hospital (Inselspital) and the Sonnenhof clinic called
Dynamic Intraligamentary Stabilization (DIS) which
keeps ACL remnants in place in order to promote
biclogical healing and makes use of a dynamic
screw system. The aim of this study was to
investigate the use of collagen patches in
combinstion with DIS to support ACL regeneration

Materials and Methods

Tenocytes (TCs) and human bone marrow derived
mesenchymal stem cells (M3Cs) were seeded on
two types of three dimensional carners currently
approved for cartilage repair, Movocart (NC) and
Chondro-Gide (CG). These scaffolds comprise
collagen structures  with  interconnecting  pores
criginally developed for seeding of chondrocytes,
Cells were cultured cn these patches for up to 7

_' R 7
= e .

days

Fig. 1 Scanning electran microscopy (SEM) images of
Movocart (f=ff and Chondro-Gide paltches (righ 200x
meagnifica tian,

Cells were also seeded in mono layers and cn
culture insers to evaluate the effect of co-culturing
the two types of cells. We were interested in
amsessing whether the patches provide a suitable
envirenment for TCs and for MSCs and as such
would enable proliferation and adherence. Further,
we wanted to test the potential of MSCs to
differentiate into a TC phenotype  Ouwtcome
measures included metabolic cell activity and
proliferation, OMA, glycosaminoglycan and
ydroxyproline levels as well as relative gene
expression, Microscopic imaging techniques were
used to complement guantitative analyses,
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Results

Adherence and proliferation of cells was confirmed
with the metabolic cell activity assay as well as with
confocal and scanning electron microscopy as can
be seen in Figures 2 and 3 Relstve gene
expression analysis suggests an up-regulation of
ligament markers as well as a down-regulation of
Aagrecan for TCs
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Fig. 2 Relative change fin melfabolic cell activily from day 2
o day 7 by cell {ype seeded,

Fig. 3 Confocal laser microscopy image of @ mix of M3Cs
and TCs cuflwed on NG palch fiv 7 days (lefl) and SEM
image of an M5C on NC paich afler 7 days {righl.

Discussion

The resulis of these experiments illustrate the
potential of collagen patches seeded with cells for
use in ACL repair slongside DIS. To provide more
conclusive results with regards to differentiation
potential of the MSCs, longer experment durations
may be necessary.
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Introduction

In-vitro microfluidic systems are ideally sutted for
high throughput screening assays and are expected
to play a crucial role in the development of
biomimetic organs. However, the transition from
macro- o micioscale implies a significant reduction
of oxygen and nutrients availability for the cells
cultured on chip. Therefore, the perusion of the
cells via automated pumping systems would be
ideal to circumvent this limitation. In addition, by
integrating a micrcfluidic pump in a cell culture
systern on  chip, one eliminates  connection
problems, in particular the generation of air bubbles
by leaking connections.

In this study, we present a new microfluidic pumping
syslemn, which can be easily integrated in existing
microfluidic cell culture devices.

Fig. 1: Comparison between heari-lung system and a
biormimetic systemyleff picture adapted from [1]and [20).

Materials and Methods

The microfluidc pumping system was fabncated in
polydimethylsiloxane (FDMS) using soft lithography.
The melds to create the microfluidic chip were
produced using stereclithography processes and
the actuation membrane of the micropump was
fabricsted by spin coating.

The chip comprises 2 S0pm thin membrane
sandwiched between twe PDMS layers. The upper
layer consists of fluidic circuits housing the pumping
chamber and the lower layer includes the pneumatic
circuit for the actuation of the pumping membrane.
The pumping system is based on fluid displacement
due to membrane deflection, which is controlled by
an external electronic and pneumatic setup.

I - =

Fig. 2: Febricated PDMS microffuidic chip inciuding the

new pumping system, One fiwid channel i colored with
biue food dye,

- e = 1
2 ‘ |
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Results

A new on chip microfluidic single stroke pump was
developed and fabricated. The microfluidic pumping
system was characlenized in terms of flow rate,
pump head and by a long term experiment to test
the stability in function of the time. It was possibie to
engender with this newly developed micropump, a
flow rate of 2plfmin at 10Hz and 1.5bar over a long
pericd of fime, Further it is possible to generate a
positve flow rate untl a pressure head of 200FPa
respectvely a 20mm high reservorr, Additionally
lung-epithelial  cells(A54%) were successfully
cultured, on a integrated polycarbonate membrane,
to confluence with high viability and tight junction
EXPressons.

Vorwsaate wlfren

Fig. 3 Fiow rate measurement as & funchion of frequency
at different acluation pressures

Discussien

This newly developed microfluidic pumping system,
for the integration in cell culture devices, is able to
generate a more accurate flow rate compared to
already existing single stroke systems. This s
possibie due to s new and unigque three
dimensional design of the pump chamber.
Additionally, it was possible to generate 3 constant
flowr rate over a long period of time. Furthermore it
was shown, that by integrating a polycarbonate
mermbrane in the chip, a functional cell monolayer
can be created, which e the basic for furher
biclogical assays on chig.

To enhance the performance of the produced
microfluidic pump it B the idea to refine the
geometry of the pumping chamber in order to
improve the deflection of the membrane into the
fluid layer. Further, the influences of the pump to an
on chip cultured cell monolayer needs to be
investigated

References
[1] Understanding heart disease/A. Selzer/1992
[2] GSCE Double Science Biclogy/R. Parsons/2004

b

u

'
EEAEELT 8T
B

Master of Science in Biomedical Engineering 2014 49



50

Control of an Unstable Platform for Strength and Coordination

Exercise

Silvio Kappeli

Supenvisors: Palbric Eichelberger and Prol. Dr, Kenneth J. Hunt

Institutions;  |nstitute for Rehabiitation and Performance Technology, BFH-TI
Movement Laboratory, aR&D Physictherapy, BFH Health

Examiners:  Prof. Dr. Kenneth J. Hunt and Pref. Dr, Slavko Rogan

Introduction

Strength training on vibrating plates as well as
balance exercises on different types of unstable
platiorms are cormmonly used for practice and
rehabilitation purposes. Cn the other hand the effect
of stochastic wvibration impulses in strength and
coordination training is an innovative research field,
Stochastic motion is characterized by an inconstant
tirme and direction behaviour.

The assumption for this project is that a device with
a combination of stochastic motion impulses and
balance exercise would be an effective application
which combines the benefitz of both principles.
Furthermore most balance training devices do not
have an adjustable level of difficulty.

The aim of this thesis is to implement position and
force control for fluidic muscles, which are the
actuators of a prototype of an active balance hoard.
Ancther aim is to descnibe the existing kinematics
and to implement a confrol system where the
therapist can control the device via a fablet
computer, The costs of the device should be kept
o as it iz intended to enter the market of
therapeutic devices in the future,

The prototype included the mechanical part of the
dhevice and a first control system, The concept of the
mechznics is shown in Fig. 1. The idea was that the
platorm pertorms a defined motion by moving the
node (red dot) in plane

Fig. 1, Original concept of the foregoing protolype,

Materials and Methods
The actuaters are three fluidic muscles by FESTO.
Force and position sensors were evaluated and
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integrated into the application for every muscle to
be able to set up the closed-loop controllers for the
position and the force,

The control system consists of an Arduing Due
micrecontroller board and an Android App. These
two components communicate over Bluetooth,
An electrical circuit allows the pressure of the three
muscles to be set and amplifies the force sensor
signal to be read in by the microcontroller.
The clesed-loop controls were implemented on the
microcontroller using an interrupt timer loop and Pl-
controllers.

Results

The original mechanical concept was disproved
after a proper mathematical investigation, The
problem is that the upper platfiorm position is not
uniguely defined by the node position,

The new mechanical system has a well defined
kinematics. The final outcome of this thesis 1= a
prototype with a properly functioning mechanical
concept and a control system which esnables the
communication via a tablet computer and which has
the required closed-loop controllers implemented.

Discussicn

The aim of implementing the closed-kbop controllers
could be met The required description of the
kinematics led to a new mechanical corstruction.
Further a cost-effective and user-frendly control and
sensor system which is independent of expensive
software was realized.

Tests are required o characternze the acceleration
abilites and limitations of the system. It is also a
task for the future to implement functionalities like
impedance-confrol of the system, a human-in-the-
loop-mode with biofeedback and stochastic mation;
however the whole framework is now available.
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Introduction

Mowadays, an increasing amount of medical
devices comprise electronics and therefore rely on
internal primary batteries. Due to limited energy
storage capacity, batteries have to be replaced after
a cerain period of time. Continuous energy
harvesting from the human body is desirable to
overcome this issue,

The heart seems to be the ideal energy donor: It
performs a cyclic and repetiive motion for 24 hours
a day which makes t an enduring and reliable
energy source. For the development of energy
harvesting devices it iz crucial to know the
retrievable energy from the heart.

Myocardial contractions can be analyzed by
different modalities such as MRI, ultra sonic or
optical tracking systems (invasive). Since an energy
harvester would be placed at a single poirt in the
hearts wall it is desirable to have an intra
ventricular measurement in the myocardium,

Materials and Methods

Currently, a new device is being developed to
harvest energy. The design of this harvester
depends on the heart walls accelerations. To
determine the accelerations, a sensor probe for
measuring in the right ventricle was developed,
small encugh for transvenous deployment. The
measuring prose  consists  of  an  inertal
measurement unit to measures the occurring linear
and rotational acceleraions in the bieating heart.

Fig. 1 The device sulured onfo a pig's heart

The electronic is encapsulated in a titanium housing
and can be deployed with a custom-made
intravascular delivery system The design allows
sorewing the probe into the myocardium. |ssues
with the current deployment system dic not allow an
intravascular  device  implantation.  Instead,
measurements on the top of the heart were made
as shown in Figure 1.
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To collect the measured data, a microcontroller
board was connected to the measuring probe which
saves the data to a memory card. Two different
displacement algorithms for post-processing were
developed to estimate the linear motion of the
sensor probe from the collected acceleration data.
An additional algorithm for angular position and
movement estimation was introduced.

Resulis
The blue graph in Figure 2 shows the measured
acceleration on a pig's heart
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Fig. 2 Measured scceleralion and caiciiated position cn
ffre hearl.

The red graph indicates the drift-comected
displacement with amplitude of 8 mm. The cyclic
mation fuifilled by the heart is well visible with
approximately 80 beats per minute.

Discussion

The developed measuring probe gives a closer look
of what's happening inside of the heart while it is
moving. Through the measured acceleration the
concise frequencies can be found which are
eminent for designing an energy harvester. The
calculated displacement is important to see the
linear and rotational mation which is fulfilled by such
a hanvester.

References

Hoft L. et al., Measurements of Heart maohion using
Accelerometer, Vestfold University College, Horten,
Morway, 2004

Acknowledgements

I'd like to give acknowledgerment to the ARTORG
Cardiovascular Engineering group, o the BFH in
Biel and all persons involved in the project that have
helped and supported me throughout my thesis.

b

u

EEAEELT 8T
B

Master of Science in Biomedical Engineering 2014 51



The Role of Microarchitecture beyond Volume Fraction and
Fabric in the Mechanical Properties of Human Trabecular Bone

Sarah Khadri

Supervivors: Dr. Ghislain Maguer and Prof. Phiippe Zysoot

Insfitutions:  Institute for Surgical Technology & Biomechanics, Liniversitét Bem

Exammers: Prof. Philippe Zysset and Dr. Ghisiain Maguer

Intreduction

Osteaporosis is a metabolic bone disease affecting
the elderly by decreasing bone strength and
increasing the nisk of bone fractures. Beside loss of
bone mass, degradation of trabecular
microarchilecture belongs W most definitions of
osteoporosis and it is  therefore essential to
understand how the morpholcegical and mechanical
properties  are related  Morphology-elasticity
relatonships  including bone wvolume fraction
(BVTWY) and fabric [1] can predict 98% of the
variation in elastic properties computed using micro-
finte element analysis {LIFE). Yet, other classical
morphological variables such as structure model
index  (SMD), individual trabeculae segmentation
{ITS) or trabecular bone score (TBS), are constantly
discussed in the iterature as surcgates of bone
mechanical properties. Accordingly the aim of this
work was to quantify the contribution of these
alternative morphological variables in determining
elasticty of trabecular bone with appropriate
statistical methods.

Materials and Methods

The analyzed trabecular bone data consist of 869
microCT reconstructions (18~ m) of 4-5.3mm cubic
samples extracted from four anatomical sites
proximal femur, distal radius, lumbarthoracic
vertebral bodies and ilisc crest Their marphology
was assessed using published methods and their
full stiffness tensars were computed in two previous
studies with 6§ independent load cases (3 uni-axial
and 3 shear cases), The comelation matrix between
25 morphological variables was evaluated to identify
their dependence, The variance inflation factors
(VIF) weere then calculated to decide upon their valid
inclusion In multi-linear  regression  models  for
prediction of the elastic constants. The coefficient of
determination (1), the standard residual error
(SEE), and the 95% confidence interval (Cl) of
statistically admissible muli-linear models were then
compared. The confribution of each variable was
evaluated using ANOVA and the parameters of the
regression were computed.

Results

Mo merpholegical variables correlate with fabric. On
the other hand, all but TBS show high correlations
with volume fraction leading to exceedingly high
VIFs and cannot be combined in multi-linear
models. Armong all dependent varnables, volume
fracton remains the best predictor of elastic
properties with and without fabric. Despite its
independency, mcolusion of TBS in the onginal
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Zysset-Curnier model based on volume fraction and
fabric leads to no substantial improvements (Table
1)

Foursar | Rl ver | Vergebra | e (O ol ned

Zvemt-Crrmier [r' [ 05983 [ 0965 | 0955 10.974] 0968

mgkil SEE| 0161 0155 0209 | 011 ] 019
Zyewrd-Crapior| r7 | 0.9B3 0967 | 0.957 J0.974] 0969
macel + TBE | SEE | 006 [ 0051 ] 0206 (0008 0195

Tubde 1 ¢ el SEE of the two mondels,

Significant but small differences were found
between anatomical sites. Volume fraction has the
highest contribution to the wvariation in elastic
properties (~90%), followed by fabric (~8%) and the
residuals (~3%). The contribution of TES was less
than 1% Despite the high correlations, prediction of
the elastic conslants by the Zysset-Cumier model
nvolves ermors with a Cl of [-26% and +45%].
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Fig. I Relative confriburion of each paremeter in
explaining tfie variance in el astic consams,

Discussion

The results show that volume fraction and fabric are
the best determinants for prediction of human
trabecular bone elastic properties and the inciusion
of other morphological parameters does not further
explain changes in bone stiffness.

Similar studies need to be conducted to verify if
those findings remain vald for specific metabolic
diseases and post-elastic properties.
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Intreduction

In cancer research, three dimensional cell culture
systems using spheroid models are developed as
tool for innovative drug testing. The use of
microfluidic systems allow perfused cell cultures,
sample loading and precise franspoit as well as
manipulation of tiny amounts of flukds on chip
These perfused spheroid systems better mimic
vivo conditicns than standard in wiro systems as
they mimic the continuous transport of nutrients and
oxygen [1] The aim of this project is to integrate the
analytizal part on an existing microfluidic platform,
which already achieves cell loading, homogeneous
cell distribution and spheroid formation. Therefore,
precise mixing of supematant and a viabilty assay
needs to be done on chip prior to be analyzed on a
plate reader. Dimensions adapted to standard well
plate formats allow automated read-out with
microplate readers. This further integration helps to
overcome handling and contamination issues.

Materials and Methods

The SlipChip technique was developed in the group
of Ismagilov [2] for fast and accurate mixing of very
small volumes of reagent and samples for PCR
applications. Here, we used this technigue for larger
volumes (supernatant and reagent on chip) to
enable an accurate sample preparation on chip. The
SlipChip consists of two polystyrene (PS) plates
containing microfiuidic channels and wells, which
were manufactured by milling. Different slipping
positions were desigred to achieve cell loading,
chip perfusion and assay loading. The SlipChip was
integrated on the existing chip, produced by soft
lithography technigue, for cell loading and spheroid
formation. A case designed according to well plate
format allows compatibility with microplate readers.

N |
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Fig. 1 Owerview of Ihe microfuidic plaform; yeow!
SlipChip 7 dark bive. POMS chip for spheroid culture /
grey. case in well plate formal 7 fight bue. resenvoir for cell
ciliure medium

A luminescence based assay was used for
calibration purpose of the samples prepared on chip
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and compared to samples prepared on well plates
Further, cells from the H2052 mescthelioma cell line
were seeded in 96-well plates and treated with
different concentrations of cisplatin over 24 and
48h,  respectively, Measurements with  the
luminescent Caspase-Glo 37 assay and different
volumes of supernatant were done on 95- 384-
1538-well plates and on chip.

Results

The microfluidic platform was successfully produced
and assembled. The proof of concept using the
SlipChip technigque with volumes in the microliter
range was done, The concentration curve showed a
inear correlation over three orders of magnitude of
ATP concentrations on 1536-well plate and on chip.
Therefore, assays reliably tested on 1538-well plate
can also be used on chip. Tests with the Caspase-
Glo 3/7 assay showed a signal peak using 32 M
cisplatin concentration and 48h treatment tima. This
signal pattern was obsenved on well plates and on
chip, so measurements with small volumes on chip

are possible.

Fig. 2 Proof of concept of the SipChip using biue and red
food dye= as supernatant and reagent

Discussion

We present a microfiuidic plaform for spheroid
culture and sample preparation on chip. The sample
preparation part is successfully integrated on the
existing chip. We demonstrate the proof of concept
of the SlipChip technique in the microliter =cale and
calibrate  the  systern  with  luminescence
measwements using the ATP Kit. Finally, we show
that reliable detection on chip using the Caspase
Glo 37 assay with small volumes of supematant is
possibie,
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Introduction

With every breath taken, the respiratory epithelium
is challenged by a wide range of airbome
substances A disruption of this critical barrier can
initiate or further aggravate a variety of severe
pulmonary diseases such as asthma, acute
respiratory distress syndrome (ARDS) or pulmonary
fibrosis (PF). The study of the epithelial repair
mechanisms upon wounding has therefore become
increasingly an important aspect of pumonary
research. Recently developed lung-on-chip (LOC)
microsystems have the potential o provide new
insights into these mechanisms. However, their
power is currently limited by the lack of adequate
sensois for monitoring the integrity of epithelial
barriers, The aim of this thesis is the developrment
and the integration of an electrical mpedance
sensof into an existing LOC, to manitor epithelal
Barrier integrity upon wounding.

Materials and Methods

A novel electrode arrangement combining the
advantages of coplanar and tetrapolar systems has
been developed and fabricated with the standard
technology of flexible printed circurt board (PCE). A
minaturized impedance meter which can be placed
ime a cell culture incubator has been fabricated.
The developed impedance sensor has been tested
for perfformance in various cell-free scenarios. and
ultimately in the permeabilization of an epithelial
monalayer

x aaig [mm]

Fig. 1 The sensitvily field of the developed coplanar
electrode  arrangement  In confrast fo comeentional
arrangement, there is no region of negalive sensithvily and
the homogensity of the field in the cell cultire region (thick
fine} iz improved
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Results

The cell-free testing revealed that the coplanar
arrangement is egually sensitive than conventional
techniques. The permeabilization assay validated
the ahility of the impedance sensor to register the
loss of barrier integrity of an epithelial monolayer.
Despite these promising results, further testing of
the impedance sensor is required.

L]

R |
Triton added

Fig. 2 The relative maghitude of the impadance upen
freatment with trifon X-100. The three monolayers showed
a similar exponential decay, whereas the contrdl remained
essentially constant.

Discussion

In the frame of the woik on a LOC mimicking the
lung aleclar epithelial barrier, an on-chip barrier
integrty sensor based on electrical impedance
analysis is developed. Unlike existing impedance
based techniques, this sensor refies on integrated
coplanar microelectrodes and thus eliminates the
nead of electrodes on the apical side of the barrier.
This design provides the combined advantages of
simplified fabrication and handling, while keeping
the same real-time, labelfree and convenient
monitoring capabilities as traditional technigues.
Addiionally, it has also the potential to allow the
monitaring of epithelial barriers exposed o an air-
liquid interface.
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Introduction

In order to reduce brain cell damage, during
adverse events like stroke or carctid artery disease,
monitoring of brain oxygenation has an important
rale. In addtion, in healthy subjects and patients, it
allows acquining knowledge sbout brain activities.
Megr infrared spectroscopy (NIRS) is a portable,
non-invasive, rather low cost, few constrain and safe
tool that can be used for continuous assessment of
brain hemodynamics. Contamination of the brain
hemadynamic  signal by  scalp or  systemic
hemodynamic signal and systemic signals has
been reported as a major problem of the MIRS
technology. The aim of present study was
quantitative  evaluation of MIRS signals measurad
on the scalp in order to reconstruct brain and scalp
cxygenation signals from mixture of multiple
SOUMGES.

Materials and Methods

In arder fo simulate the oxy- and deoxyhemoglobin
hemodynamic response to blood flow changes,
Buxton's ballbon model was used [1]. For
quantfication of the absorption charges of near
infrared light in brain and scalp tissue, a method
using mulll distance optode (30 mm and 42 mm) of
continuous wave near infrared spectroscopy [CW-
MIRS) was used, Data was collected using the
FORIE -3000 systern (SHIMADZU, Japan) and
principal component (PCA) was used. |t was
assumed that both scalp and brain signals are
linearly combined with multiple signal sources.
Furthermore, & was assumed that parial optical
path length of scalp layer does not change whereas
partial optical path length of brain tissue layer
linearly increases with source detector (S-0)
distance. The capability of source separation was
examined, Changes of oxy- and deoxyhemoglobin
are not independent. To account for the mutual
influence,  oxy- and deoxyvhemoglobin  were
interpreted as real and imaginary part of a complex
sigral, Thus, complex independent component
analysis {clCA) wes employed with a technigue
introduced by Funane et al [2]. Using real valusd
ICA was generalized to complex calculus,

weighted by brain and scalp contribution ratio based
on a technigue that introduced by Funane et al. [1]l

Results

Results showed that using PCA, is rot always
possible to reconstruct brain and scalp signal,. In
contrast using real valued ICA level of accuracy can
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be achieved Highest level of accuracy can be
obtained using clCA.
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Fig. Comparison between ICA and clCA with SNR of 12.5
dB. A) Model of oxyhemoglobin and deoxhemogiobin
sources during simuiated artery occluson. 8,C) in eontrast
to resl valied ICA, clCA is able to reconsiruct the original
soUrces.

Discussion

We proposed a new method for quarhtative
separation of the brain and scalp tissue contribution
on CW-NIRS, using dependence of complex
independent component's weight on S-D distance.
This is a robust method since drastical level of data
enhancement based on using rmutual information
was used.

References

Buxcton, Richard B and Wong., Dynamics of biood
flew and oxygenation changes during  brain
activation: the balloon model. Magnetic Resonance
in Medicine. 39(8):855-564, 1908

Funzne et al., Quantitative evaluation of deep and
shallow tissue layers' contribution to fNIRS signal
using multi-distance optodes and independent
component  analysis, Meurocimege B85150-165,
2014,

Acknowledgements

The project was carried out at the Support Center
for Advance Neurcimageing {SCAN) | Institute of
Diagnostic and Interventional Muerorasdology,
Inselspital, Bern, Switzerland.

b

u

'
EEAEELT 8T
B

Master of Science in Biomedical Engineering 2014

55



56

ASIC Low-Power Signal Processing Circuitry for Esophageal

ECG
Michael Nydegger

Supenvsors: Lukas Bisch and Thanks Mariza

Institutions: institvte of Heman Centered Engineering - microlat, Bam University of Appied Sciences

Examiners: Prof Dr. Marcel Jacomet and Prof Or. Josef Gotte

Introduction

The EZcorder s a new concept of a long-term ECG
recorder suited for an outpatient investigation up to
30 days The device records ECG signals from a
catheter placed into the escphagus in close
proximity to the heart. The high demand for the
patient's comfort regquires miniaturization of the
microelectronics to capture, process and store a
large amount of data generated during the
investigation. For the miniaturization, new concepts
of power efficient analogue designs, such as a novel
asynchronous analogue to digital converter (ACC)
are nesded. The aim of this thesis was the
realization of a low-power integrated wvoltage
reference and the development of circuit concepts
for a signal conversion, required to drive the
asynchronous ADC,

Fig. 1 Concept of the esophages! ECG recorder EZcorder

Method

The development of the voltage reference was
accomparied by a study of reported integrated
voltage references as well as fundamental models
and concepts used in the design of low-power
analogue integrated circuits. During the work, twe
similar voltage reference designs have been
developed, simulated and integrated on an
application-specific integrated circuit (ASIC) to verify
the simulation resuts and to demonstrste the
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feasibility of the circuits.

The conceptual studies done on the driving circuit
for the ADC implied the compilation and formulation
of the design requirements to identify problems and
possible solutions. High attention has been paid to a
special type of analogue fillers to perform a signal
reconstruction from the preceding filtering blocks.
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Fig. 2 Layvoul wiew of the second volfage reference design
(FPhysical size: 147ipm x 116pm)

Results and Discussion

The voltage reference designs developed during the
thesis operate with a power consumgption of less
than 10pW with a high immunity against power
supply noise, process- and temperature variations.
The simulated performance ratings (especially for
the second design) are comparable to other
reported voltage references and an appropriate
output interface for the interconnection with the
asynchronous ADC is given. During the work on the
driving circuit of the ADC, problems and possible
solutions of the demanding interface between signal
preconditioning fiters and the ADC were evaluated
and discussed. The filtering technigue studied in this
context was found to be suited for continuous time
analogue filtering of low amplitude biomedical
signals.
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Introduction

Deeper insight into dynamic changes of ccular
microstructures during natural eye growth can
support  the development of new preventive
treatments  for myopia.  Optical coherence
tomography (OCT), with its ability to acquire fast, in
vivio retinal cross-sectional images, s an almost
ideal detection method, Extending a commercial
B00nm OCT-system with a second wavelength
band at 107Snm allows for detailed imaging of
layers beneath the retinal pigment epithelum (RPE)
such as the choroid (CH) and the sclera [1].

Method

To benefit from the sophisticated eye-tracking
device of the commercial system, synchronized
frame acqusition has been mplemented In
corporation  with the manufacturer (Hedelberg
Engineernng) hard— and software synchronization
between the individual components was developed
Reszltime protocol communication allows for scan
parameter and mode exchange.

For patient specific correction of axial blur, a
dispersion finder has been implemented for high
speed processing on .a GPU (graphic processing
unity. It evaluates an entropy based sharpness
measure on a region of interest and uses grid
search to optimize dispersion.

Multi-frame averaging is used to increase signal to
noise rato (SMNRE) in the OCT scans. This requires
precise correction of motion distortion between
consecutve frames. An ntensity-based registration
frame-work has been implemented to comect for
simiarity— and affine motion models.  The
optimizaton is based on a variation of a steepest

descent method combined with an image pyramid
for multi-resolution registration. An additonal phase
correlation based initialization is used to further
reduce failure rate,

Results

System synchronization has been shown on several
patient examinations and reduces handling
complexity which allows the use of the system for
extensive clinical trials, Evaluation of the reqistration
method by different sharpness measures (entropy,
image acutance) showed good perdormance for
similarity models, Registration quality is underined
by the high resolution of the averaged scan in Fig.
1a with dispersion comected for up fo the sixth
arder. Increasing dispersion order (e.g. from 2 to §)
showed to befter separaste adjacent peaks (e.qg.
Bruch's membrane (BM) and choriccapillaris (CC)
from the RPE). Registration for a 1024x500 pixel
frame computes in 0.5s on a standard machine
{CPU-i5-2400),

Discussion

The use of the commercial eye tracking system in
combination with the developed registration method
allows for clinical high resclution imaging at
1075nm Slow convergence of the optimizer could
be improved by using more sophisticated methods
(e.g. Levenberg-Marquardt). Parallelizing of the
registration method on a GFLU might further reduce
computation time and enable real-time registration.
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Fro. 1 1075mm-System OCT-scan with synchronized acquisition, dispersion finder and image regisiration method, a) shows the
full B-Scan averaged over 100 Frames. Dispersion was comrecled for five dimensions (a- - a4 aufomatically on fhe region of
interest marked by ihe green dashed rectangle and shown in c). in b) the ROV [s shown without dispersion compenzation
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Introduction

Heart arrhythmias are conditions, where the
heartbeat is irregular, either too slow, or too fast
Mot all arrhythmias are life threatening, but they can
decrease the quality of life of the patient To
diagnose rare occurning arrhythmias, such as
parexysmal atrial fibrillation, the monitoring of the
heart rhythm over a longer time pericd is essential,
This is done by long-term surface
electrocardiography (sECG).

Long-term measuremeants with a duration of several
daysfweeks increase the possibility to detect rare
accurming arhythmias. Unfortunately, the sECG has
some disadvantages which shoren the maximum
recording time

A petential ECG recording method for long-term
measurement is oesophagesl ECG (eECG).

The mairn challenge for developing a long-term
implant, is the implementation of a power- and
memory-efficient recorder.

Materials and Methods

The focus of this master-thesis is to emulate and
investigate the proposed recorder in MATLAB, The
recording method s divided into two main steps. the
asynchronous sampling of the input signal, and the
compression of the asynchronous samples. The
asynchronous sampling method is based on a level-
crossing analogue-to-digital converter. Samples are
generated only when the input signal difference
crosses a certain threshold value. A sample
consists of the elapsed time since the previous
sample and the direction in which the threshold
value is crossed (either up or down).
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Fig. 1 MATLAB simulafions with an asynchronous
sampling resclufion of 5 Bite/mV, (TOF): samples left after
compression (red dofs), reconstructed signal (red [ine),
and emror signal (blue line). (BOTTOM)! samples of the
original Signal (Blue dols), and original sigral (blue line}
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The Compression method relies on different slope
properties within an ECG signal Depending on the
similarity of asynchronous samples, samples within
slopes (e.g. QRS-complex) can be accumulated.
This approach leads o a more memony-efficient,
and less power consuming recording  method
compared to a conventional recorder with a fived
sampling rate.

Results

The widely used MIT/BIH Arthythmia Databsse,
containing 48 sECG records, and an eECG Dataset
with 13 records were used as test datasets.
Different asynchrenous sampling resclutions were
evaluated We can show that wath an asynchronous
sampling resolution of 556 Bits'mV a good
compromise between signal reconstruction quality,
peak detection performance, and compression ratio
i achieved This resolution leads to a compression
ratic of more than 10:1 compared to convertional
sampling methods. A recording time of more than
42 days with 1 GByte tlash memory, and two eECG
channels is possible. We can also show that an
eECG signal generates less asynchronous samples.
This is because eECG signals are less sensitive to
high frequency noise, However, the effect is
marginal since, the P-waves in the eECG signal
generate more samples compared to the sECG
signal,

Discussion

This is the first time that the whole MIT/BIH
Arrhythmia Database, and 13 eECG records were
analysed with a MATLAB framework emulating the
asynchronous and compression algorithm. Prior to
this work, this was done by a PYTHON script which
took several hours for only 2 few minutes of an ECG
signal, It i now possible to analyse different
parameter setfings on a wide range of ECG signals
in a feasible time (=50 ms/Beat).
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Introduction

To detect parcxysmal heart rhythm  disorders
{arthythmias), long-term surface electrocardiograms
(sECG) are recorded. As these signals suffer from
low atrial sensitivity and the electromechanical
contact properties limits the signal gualty, automatic
P wave detection is cumbersome. Alternaftively,
signals derived from the esophageal mucosa
{eECG), containing more detailed information on the
afrial activity, may be used However, fo take
advantage of the increasad signal guality, the atrial
and venfricular waves need to be detected and
separsted autormatically, This is difficult because
these waves might have very similar properties.
Therefore, an automatic classifier using Hidden-
Markov-Models (HMM) is investigated.

Signal Synchronization and Annotation

To evaluate such a HMM classification. adeqguate
data sets have to be defined. Since no annctatad
eECGs are avalable, an own patient database
containing annotations from simultaneously recorded
sECGs are used. However, the sECG and eECG
recorders used in this database festure different
cscilators wath different sampling frequencies that
alter with temperature. Consequently, the two signals
need to be synchronized in segments individually. To
align the signals and to calculate an initial resampling
factor, two manually labeled arrhythmias are used.
By minirmization of the mean square error of the two
filtered signals, the cptimal resampling factor for each
segment is found.

In this way the signals divided into segments of 3
min duration were synchronized with an accuracy of
below 10 ms (example: see Fig. 1). Thus, the
annotstions can be taken over without confusion of P
and R waves.
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Fig. 1 Synchronized eECG and sECG signals.

HMM Classification

With sECG data derived from the MIT-BIH
arrhythmia database a mullidimensional  HMM
classifier for normal (M) and VES beats was designed
and statistically gquantified, For this purpose, different
feature vectors for the HMM were investigated and
evaluated. Most dedicated feature veclor used the
normalzed slopes and normalzed areas calculated
from signal slices. These feature vectors, extracted
from the whaole signal, are fed o muitiple HMM's to
calculate the probability curves for each beat type
{Fig. 2).

While both beat types were classified with a
senstivity of 95.3 %, positive predictive values of
96.4 % for N beats, and 87.1 % for VES beats,
respectively, have been achieved,
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Fig. 2 Classified beats (A) resulling from the higher
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Conclusion

The HMM approach achieved promising results with
respect to N and VES classification in sECGs. To
classify P and R waves, however, the HMM
classification process have to be improved further.
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Introduction

Higher visual functions (HVF) can be defined as a
series of cognitive processes responsible for object
and pattern recognition, color and shape perception,
and maotion detection. People with impaired higher
visual functions alter unilateral brain lesion are often
tested with paper pencil tests, but such tests do not
assess the degree of interaction between the
healthy brain hemisphere and the impaired one.
Hence, visual functions are not tested separately in
the contralesional and ipsilesional visual hemffield
Moreover, these tests do not take into account
whether the central or peripheral visual field is more
affected. HVF can be modulated with transcranial
direct current stimulation (IDCS), which is a
neurostimulation method, 1t modulates the
exciability of the stimulated region of the brain
using direct current, which is delivered by two or
more electrodes. It is non-invasive, not painful, and
there are no long-lasting effects HD-DCS stands
far high definition tDCS, In this technique, several
small electrodes are used to increase the focality of
the stimulation.

Materials and Methods

In the first part of the thesis, two versions of a new
HWVF test battery to test higher visual functions
(perception of shape. spatial orientation, direction,
and speed) were developed and evaluated in terms
of reliability and ceonsistency. Additionally, the
implementation of these tests in two different
hardware setups, a flat screen and a hemispherical
screen, was compared. The best setup together
with the best test version was used for the non-
invasive brain stimulation study.

Fig. 1 Direction fask as an examole of one of the fasks
from the AVF es! ballery
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The aim was to investigate the influence of HD-
tOCS of the extrastirate cortex on HVF, The study
was designed as a sham-controlled cross.over
study, in which 22 healthy subjects participated. The
subjects first took the HVF test battery, followed by
a reaction time test, Then, half of the participants
received a cathodal HOADCS stimulation of the nght
visual cortex with the central electrode over V5
while the other half receved a sham stimulation.
After that, the tests were done again, After at least
one week, the same subjects repeated the protocol,
but this time the subject who had the real
stimulation the week before get the sham
stimulation and wvice versa. |t was assumed that
there is no difference in performance prefpost sham
and a change in performance in prefpost real. The
results were analyzed using standardized pre-post
differences,

Fig. 2 Elecirode montage and distribution of the electrical
field in the brain

Resuilts

Signficant differences were found for one of the
tasks of the HVF test battery, which assesses the
perception of speed (sham = -0.008 + 0.257, real = -
0218 £ 0208 p = 0.014). As expected, the
perforrmance changed only after receing the real
stimulation.

Discussion and Conclusion

The results show that the subject became
significantly more precise in solving the speed task
after the stimulation. This allows for the conclusion
that cathodal HO-DCS over the VS region
enhances the perception of speed. This might be
explained by the Bienenstock-Cooper-Munro (BCM)
rule which states, that previous overall inhibtion of
cortical activity enhances synaptic strength of active
neuronal connections.
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Introduction

Annually, millions of bone screws are used for
treatment of bone fractures worldwide, Commonly,
functionality evaluation of bone screws is done by
the bone simulation materiale This delivers more
consistent results than testing in real bone; however
it can result in different absolute values as if
performed in real bone

Thus, a novel sterilizable, portable device, in order
to measure insertion torgue and axial force while
inserting bone screws In human bone (Cadaver
Lab) is developed.

Materials and Methods

The aim of this project was to develop a poriable,
sterilizable device that can be used for measuring
the insertion torque and applied axial force of a wide
range of bone screws during the screw insertion in
the cadaver lab. The desgn is divided in three
parts: screwdriver handle, measurement part and
the screw driver blade. In order to protect the
measurement part of the device from the
contamination, a capsule made of composie is
designed around this part and the data acquisition is
dong wireless, The calibration of first prototype and
expenmental test by it on the bone simulation
material and animal bone are done.
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Fig.1. a) Frstprofolype, B Experimental tesf on a porcine
fermur
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Results

The uncertainty of #0.035MN.m for measuring
insertion torque (measuring range; 0.1-5.1 N.m) and
+1. 783N  for measuring applied axial force
(messuring range: 1-200 M) for the confidence
interval of 95% are achieved by the calibration
procedure. All the principal requirements of the
device are met. Ten samples of two different sizes
of 150 standard Stryker cortex bone screws are
inserted in a porcine femur and bone simulation
material by the device and the insertion torque and
axial force are recorded and monitored real-time,
wireless.

ALl [ (M) e
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Thes e
Fig.2. Moniloring the measured a) insertion lorgue and b
axial force dwing neerling bone screw (Siryker, Standard
IS0 corex, @4.5 = 50mm zlanless steel screw) inoa
parcine femur

Discussion & outiook

Further bone screw insertions by the device in bone
simulation materials, animal bones and particularly
human bones [Cadaver expenments) are needed
for a sophisticated evaluation.

The assessment of the local bone quality may be
performed by measuring the insertion torque. For
this purpose, functionality of the realtime
measuring of the bone screw insertion depth can be
added to the device which would allow for a more
detailed assessment of local bone quality.
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Introduction

A surgical robot system, developed at the ARTORG
Center, for Direct Cochlear Access (DCA) has
proven its ability to precisely and accurately drill a
minimally invasive tunnel for electrode insertion. To
integrate the system in the clinical environment for
the first in-human experiment, deficits regarding the
integration of surgical instruments in the operating
reom (OR) must be solved, The aim of this thesis is
fo develop a stenlizable end-effector, which focuses
on surgical aspects such as sterility, usability and
emergency release function

Fig. 1. Existing robotic davice for microsurgical DCA

Materials and Methods

Existing mounting concepls (gquick release tool
changers) In medical and ndustrial applicabions
were evaluated Specific focus was placed on
clinical devices regarding the use of sterile drapes
Advaniages and drawbacks of these devices in the
context of robotic cochlear implantation was
performed. Requirements & specifications of the
slerile end-effector and robol mount with a stenle
barmnier were defined based on the experience from
the [terature and the medical device directory MDD
G3/42/EEC. These requirements were classified by
mechanical properies, dimensions, interface
properties. matenal  properies,  workflow  and
reprocessing / stenlizafion  Requirements  within
each of these categories were then implemented
into the design using the commercial CAD softwars
SchidWerks. Addiicnally, the mezhanical function of
the tool adapler was modeled mathematically using
scripting in Mailab Once the design was proven
mechanically stable a prototype of the mount was
manufactured.

Results

A new sterilizable end-effector for 2 surgical robot
was designed for use in Direct Cochlear Access

(DCA) interventions. More precisely a surgical dnill
with a reduced diameater could be realized. The drill
chuck was optimized such that tocl's attachment
and release could be perormed by one person
Furthermare an emergency release function was
also impiemanted to allow the tool to be removed in
an axial direction, should the robot f@il during
drilling. Mcreover method for attaching a sterile
barrier betwesn the non-sterile robot arm and the
steriizable end-sffector was establishad. The new
mounting concept also implicated an increased
usability for the surgeen and the OR team, in terms
of simplified installation of the end-effector.

Fig. 2. Compuler Aided design (CAD) model of the
altachment inferface, the surgical end-effeclor including a
microsirgical ool with emergency refease  funclion
{botiom) and rubber ring for sterfle inferface (yelow),

Discussion

The design and developmert of an end-effector
which could be used In a8 surgical scenaric was
shown. A concept for instrument sterilization and
attachment onto the robotic arm was also proposed.
The desian has fulfilled all of the pricrity leveal | and
I requirements and should simplify the surgical
workflow while also reducing the risk of human ermor
due 1o the presence of built in safety features, which
cnly aliow the comect tool to be mounted in the
correct configuration
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Introduction

Muttiple sclerosis is an inflammatory disease where
the insulating covers of the nerve cells in the brain
are damaged. The resulting lesicns that are visible
an the different MRI| sequences are considered for
diagnosis and treatment.

There are often a high number of small lesions to
segment while the borders of the lesions are often
not clearly visible This makes an accurate manual
segmentation very time-consuming and difficult

In this thesis, the sequences T, Ticorersss 12 and
FLAIR are used as input images for a fully
automatic segmentation into the different classaes of
healthy tissues (CSF, GM and W) and lesions (T4
black holes, Ttz acute lesions, TAFLAIR
lesions}. T his subdivision offers important diagnostic
advantages, but is not possible with cther state-of-
the-art fully automatic segmentation approaches for
multiple sclerosis.

For this task, an algorthm previously developed for
automatic segmentation of brain tumors [1] was
adapted.

Methods

The segmentaton process  starts  with pre-
processing (registration, skull-stripping, denosing,
bias-field correction. rescaling, histogram matching)
of the input images. After the subsequent feature
extraction, first a wvoxel-wise classification into
healthy and non-healthy is performed using a
decsion forest This is followed by a refinement step
usirg a condiional random field After this coarse
segmentation, a separate finer classificaton step of
the healthy tissue and the lesions is performed The
segmentation process is then finished by a slice-
wise refinement of the fine classification.

The main work of this thesis was, apart from the
adaption to MS lesions, to investigate into a larger
feature set, the handling of the imbalance between
the healthy- and non-heaithy class and to handle
miskabeled training data.

Results

The segmentation was evaluated with a data set
from the Inselgpital Bemn consisting of 36 patients
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using 8-fold cross-validation. Fer each patient there
was a manually segmented ground truth available.

The current state of the algorithm showed
encouraging results for the cverall lesion detechon,
despite a general tendency to over-segment in the
coarse segmentation step. The acouracy of the fine
segmentation of the different classes of the lesions
was not yet satisfactory, in parboular due to
difficulties in distinguishing T. black holes from
TASFLAIR lesions at unclear borders betweon the
classes. The computation time for segmenting one
patient was approximately 5 minutes,

Fig. 1 Example of & skwl-stipped FLAIR image and the
resulting segmenfalion (green: healthy lissues; blue: T,
Black holes, red; Tiowar acule lesions; vedow: T: lesions)

Discussicon

Although the overall accuracy of the cumrent state of
the method is not yet high enough for reliably
distinguishing the diferent classes of lesions, the
obtained results lock promising, especially when
considering the advantages in segmentation speed
compared to manual segmentation. While a manual
segmentation of MS lesions often suffers frem high
intra- and inter-rater variability, a fully automatic
approach will always lead to the same result on the
same input images. This is an important property for
evaluating disease progression in terms of lesion
count and volume.
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Intreduction

Cameras are widely used in todays health care.
They showed up first in clinics in 1896 with the first
clinical x-ray, and have nowadays established their
postion in the daily business with countiess
computer tomography devices, video endoscopes
and various documentary applications. The number
of publications related to "medical imaging” has
increased four-fold in the last 30 years.

With diversity comes divergence. The choice of a
moden digital camera means, besides sensor and
optics, choosing an interface. Firewire {1394), USB
2007 3.0, Gigabit Ethernet or Camera Link are just
the available physical connections to a camera, not
taking into account the built-on protocols. Having
chosen one type of camera in the past the
threshold i= raised to go for another type in the
future, it would require, amongst others, additional
cables, computer interface cards and software.

Materials and Methods

An abstraction layer is provided betwesn the image
processing algorthm and the camera access, A
Field Programmable Gate Array (FPGA) is capable
of reading data from cameras with different
interffaces and provides it to two Digtal Signal
Processors (DSP) for further processing. In addition,
three general purpose nputfoulput ports are
avallable; teo of them might be used as analogue
outputs. This is all comibined in an embedded
platiorm
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Fig. 1 The system ovenview shows the main components,
The FPGA acis as & pivol and manmages different
inferfaces, swch as Ethernet USB, Camers Link and
proprigtary ones

Two use cases have been defined as guide lines for
the development. These are a high-speed low-cost
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Optical Coherence Tomography (OCT) device and a
general purpose Gigabit Ethernet camera,

Results

Line rates of up to 40.193kAscans/s have been
obtained for the OCT device; this is 98 94% of the
available internal transmission bandwidth. The
latencies vary from 25us for integration times t.
smaller than 40ys to 96ps for 4y larger than 80ps.
Ethernet frame latencies are 280ps, therefore the
quota of frame size and exposure time is much
more considerable regarding frame rates.

Fig. 2 OCT Bscan of a glass plate with scofch lape layers
on fop. The three lavers are clearly distinguishabie. The
data has been processed on the embedded platiorm.

Discussion

The ©CT application, to which this thesis
contributed, has well evolved. The resulis of first
tests with the whole system are comparable to the
existng devices. Further development should
improve the delivery optics and the transmission
speed of the processed data to a host computer.
The Ethernet camera control is less advanced. The
proof of concept for very small frames has been
done; but the transmission of larger images breaks
down for a yet unknown reason. An architeciural
decision has to be taken prier to further
development
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Introduction

Low back pain linked to intervertebral disc (IVD)
degeneration 5 a highly abundant problem in the
aging modern society, Until today there is no
biclogical solution available based on the patent's
autologous cells to restore or repair the IVD. We
hypothesized that electrospun silk and salt leached
scaffolds can mimic the extracellular matrix of the
VD eells i) a random orientation of the fibres and a
highly porous salt leached scaffold would be ideal
for nucleus pulposus cells (NPC) and i) an
alignment of the fibres would be favourable for
annulus fibrosus cells (AFC).

Methods

Silk hguefaction: Silk fibres from Bombyx mori
{Swiss Silk) were cut in small pieces and boiled in
0.2M Ma:CO: for 30 min o remove the sericine.
Then, the silk tbres were nnsed three tmes In
ultrapure water (UPW) and dried overnight. The dry
silk was then dissolved in 93 M LiBr solution and
dialysed against UPW for 48 h and purified by high
speed centrifugation | Flectrospinning: Sk was
mixed with 5% (wtivol) 900kDa-PEQ to generate a
solution of 6.4% silk and 1 % (wtivol) PED. This
solution was electrospun on a flat collector for
randomly oriented fibres and on a rotating mandrel
for aligned finres. Of each electrospun mat N=40
samples of Smm diameter werz punched out. N=20
of the randomly aligned samples were ultra-
sonicated for 1 min at 80 Watts to increase their
porosity © Salt leaching: Salt particles were poured
in 8% agueous silk solution After 24 hours of
gelation at room temperature the salt was leached
out by immersing the scaffold in UPW for three
days. After culting out a slice of a height of 3mm,
samples of Smm diameter were punched out 5 Cyto-
competibility, Human derived NPC, AFC, TC and
MSC (ethically approved) were seeded per carmer
and grown for 7 days. On day 1 and 7 cell
spreading  (LIVE/DEAD® and confocal laser
scanning  micrascopy), cell activity  (DMMEB) and
OMA content (FicoGreen®) was monitored.

Results

The electro-spinning  process  revealed two
completely  different  scaffold  and micro
environments for cells as confirmed by SEM (Fig 1
A and B), Liveldead stain of IVD cells confirmed
their alignment in the direction of the parallel-
criented fibres(Fig 1 C). or nonoriented fibers (Fig 1
0y, AFC, NPC, MSC and T cells adhered and
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proliferated on all scaffolds. Generally, it was noted
that cells adhered and prolferated better on ultra-
sonicated non-oriented  and on salt  leached
scaffolds than on aligned and un-sonicated.

Fig 1. A-B} Scanming elecron mécroscopy images of
scaffoids A) Aligned sitk fibres (mandrel speed=30Hz) B)
Randomly distributed sitk fibres C-0 Human VD cells on
scaffoids G} AFC aligned in the direction of sifk fbres fred)
0 NPC randomly orented in ramdomiy aligned sik nano
fitres.

Discussion & Conclusions

By moditication of the silk compostion and the
electro-spinning parameters the 30 environment of
a scaffold can be controlled. This is crucial for cell
adhesion and proliferation of primary cslls. The
general direction of cell growth can be controlled by
the arrangement of the silk nanofibers. Future
research will focus on the cortrol of porosity and
integration of adhesion molecules to tailor the IVD
cell specific niche.
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Introduction

Most organs-on-chips used in microfiuidics and
biomedical engineering research are fabricated from
poly(dimethylsiloxane) (PDMS). PDMS has very
good optical and mechanical properties and is well
suited for the production of devices using soft
Ithography techniques. However, PDMS releases
cytotoxic monomers over time, which makes it
challenging to use for long-term cell experiments
[1]. Furthermore, the strong absorption and
adsorption of small molecules in and on the PODMS,
makes it unsuitable for toxicological studies and
drug analyses. The aim of this master thesis was to
evaluate new polymers for organs on  chip
applications (2]

Materials and Methods

Three commercially avallable polyurethanes
Tecofiex SG-80A, Tecoflex EG-80A, and Tecothane
were evaluated in terms of microfabrication and cell
culture capacities. The materals were prepared as
a solution with different concentrations in either
dimethylacetamide (DMAC) or tetrahydrofuran
{THF). Three different fabrication techniques were
compared: casting in a mold, spin coating, and dip
coating. The characterization of ab- and adsorption
of the fabricated PU bulks was done using 3
flucrescent dyes: rhodamine B {(Rho B), FITC and
Hoechst. The PU thin films fabricated using the spin
coating technique were evaluated in terms of their
biclogical capacity to cultlure lung epithelial cells
(A545)
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Fig. 1 The PL-PDMS cell cullure system.

O:-plasma was used to modify the surface of PU
films, by covalently-linking fibronectin to it The
alamarBlue assay was chosen as method to
determine the cell metabolic activity, At the end of
cell culture, immunoflucrescence staining wes
performed.
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Experimental Results

The PU thin films used in the biological experiments
are 25 pym thin, PU SG-80A as bulk showed less
absorption and adsorption of Rho B than PDMS.
FU EG-80A showed the highest absorption and
adsorption of Rhe B. PU SG-B0A does adsorb
Hoechst slightly and no adsorption of FITC was
seen. Further, the AS49 cells started to adhere on
the PU thin films within 2 hours after cell seeding.
The metabolic activity and the proliferation of the
cells cultured on PUs for § days are not lower than
the cell cultured on PDMS. The cells showed better
adhesion cn PU thin films than on PDMS.

e = L1
B

Fig. 2 Comparison of Rho B ad=orplion profile on different
substrafes. PU 5G-80A showed the lowest fluorescence
intensily, suggesting there was very fittle amount of Rho B
adsorplion on e PU surface,

¥

Fig. 3 AS4 celis culture on PU Bifn film (&), FOMS (5,
and micrascople glass shide (o),

Discussion

Spin coating and dip coating are suitable for the
fabrication of PU thin films., PU SG-30A adsorbs
less hydrophobic molecules than PDOMS, but it
adsorbs a bit of water-scluble molecule. The results
of hiological experiments of Plls showed that PU s
a biocompatible matenal, which can be used as cell
culture substrate, Therefore, PU SG-80A can be
used as alternative matenal for organs-on-chips
applications.
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Introduction

Optical coherence tomography (OCT) is an imaging
technotogy praviding high resolution, cross sectional
images of the human retina however, one of the
major problems in retinal OCT imaging are motion
artifacts caused by heart beating, breathing and eye
motion. In recent years, several hardware and
software based motion trackers were developed to
overcome this problem. Hardware based trackers
require additional maging modalities resuling in
higher costs whereas software based melhods use
the acquired image to correct for motion. Recently
published soffware based methods require mulifiple
volume scans for motion detection [1]. The aim of
this thesis is to develop a simple software based
method which detects motion on a B-scan basis.

Materials and Methods

The idea of the proposed method s to scan a retinal
region containing strong features like the vessels
around the optical nerve head (ONH) followed by
scanning the region of interest The absclute
posiion of the acguired scans can then be
estimated by segmenting the vessels from the
reference scan and matching them to a previously
acquired map of the ONH. The whole vessel
matching process can be divided into an image
acquisition, a vessel segmenting and a vessel
matching task.

Fig. 1 Fundus image and the chosen scan patiern, The red
circle indicates the reference scan around the ONH and
the green line the B-scan at the desired position. The bie
line dencles the connection betiween the reference and the
B-scan.
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In arder to generate the desired reference scans
and a map of the OMNH, a simple retinal scanner was
developed and an existing OCT  processing
LabView software was extended to create the
desired scan pattern and save the acquired scans.
The wvessels of the reference scans were
segmented and had to be matched to the
corresponding fundus vessels in the map. Aligning
the OCT wvessels to the fundus vessels and
minimizing the dstance between them was
achieved with an expectstion rmaximization
algorithm  [2]. The algonthm estimates the
probabilties if an OCT vessel belorgs to a fundus
vessel and minimizes the distances between
corresponding vessels according to the previously
calculated probabilites.

Results

The algorthm was implemented in Matlab and
tested on artificial data and OCT scans from healthy
subjects.  Simulations  with  arbficial  data
demonstrated a  theoretical B-scan  aligning
accuracy of +~15um in x and vy direction if the OCT
vessels are segmented with an accuracy of +i- Tum
and no axial movement cccurs. The patient data
was assessed by measuring the normahzed cross
comelation of B-scans that were assumed to
originate from the same position. Adjacent B-scans
showed comrelation values of 0.7

Discussion

Results show that with the proposed algorithm
tracking of OCT scans can be achieved withcut the
need for additional complex and expensive
hardware. However, results demonstrate an
accuracy which is approximately three times lower
then state of the art hardware based motion tracker.
The results from living subjects only showed
sufficient correlation when acquired consecutively
The reason for this can be inaccurate vessel
segmenlation but also axial movement of the eye
during acquisttion,
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Intraduction

Osteoporosis s an age-related metabolic disease
characterized by low bone mass leading to bone
fragility. The ocurrent methods for osteoporosis
diagnosis, bone mineral density measurements or
CT-based finite element analyses, can only explain
75-90% of the variation of bone strength, which may
be due to aterations in bone tissue guality. The aim
of this study is to examine the micromechanical
properties of wet corfical bone of the femoral
diaphysis by indertation in axial direction as a
function of (1) age, (2) gender (3} microstructure,
and {4) their interactions.

Materials and Methods

Cortical bone samples were extracted from the mid-
diaphysis of the left fermur of 41 donors (22 fermales
and 19 males) with age ranaing from 45 to 89 vears
old. An indentation technique [1] was used for
simultaneously measunng force and displacement
of & diamond Berkovich tip pressed 1000 nm into
the rehydrated bone with a trapezoidal load profile
including a 20s holding fime. The plane strain
modulus, indentation hardness, plastic work and
total work were computed from the force-
displacement curves.

Results

Me relatonship between plane strain modulus,
hardness, plastic work, total work, the ratio of plane
strain modulus to hardness, and the ratio of plastic
to total work was found with age, with gender, with
interaction of age and microstructure, with
interaction of age and gender, or with interaction of
age, gender, and microstructure at the confidence
level of 0.05. However, the effect of microstructure
(osteonal and interstitial lamellag) on the plane
strain modulus, the indentation hardness, the ratio
of hardness to plane strain modulus, and the ratio of
plastic to total work was found to be statistically
significant {(p-value of 3.98e-08, 1.46e-09, 2. 21e-07,
and 3.83e-04, respectively). The interstitial bone
had a greater plane strain modulus (20.08 x3.16
GPa), hardness (050 £014 GPa), and the ratio of
hardness on plane strain modulus (0,025 +0.004)
than osteonal bone (18.09 £3.14 GPa, 0.41 2013
GPa, and 0.022 #0004, respectively). Only the ratio
of plastic to fotal work in osteonal lamellze (0.76
#0.028) was slightly higher than in interstital
lamellae (0.7520.0286).
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Fig. 1 Linear regressions of plane stran modulus with age
for both gender and microstroctires. The siopes were nof
statistically different from zero.

Discussion

This is the first wet indentation study on diaphyseal
femoral bone including as many as 41 patients, The
main finding that elastic modules and other
indentation variables are independent of age and
gender confirms the outcome of two former studies:
a first one using an alternative imgation technique
with 27 samples from the femoral neck [2] and a
second one with dry and wet vertebral trabecular
bone samples [3]. The observed difference in
indentation properfies between microstructures was
also repored in previous studies and reflects the
higher mineralizaticn of the older interstitial
lamellae.. In conclusion, these results suggest that
the declining mechanical properties of aging bone
tissug may be the result of factors such as porosity
or distnbution of micro-cracks rather than material
properties at the lamellar level,
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Intreduction

Slit lamps are one of the most used and avaiable
ophthalmic instruments. They have been adapled
and upgraded to some of the newer technologies
available like Optic Coherence Tomography (OCT)
in recent years. OCTs do profit greatly from
integrated tracking of their targst. This has however
not been done with an easy-to-use, cost-efficient
systermn up until now. Emploving near-infrared (NIR)
light to capture a video of the retina during OCT
acquisition with a slit lamp could fill this gap. This
approach has to overcome & number of challenges
including reduction of glare within the confines of
static lens positioning and optimization of the video
stream with regard to contrast and irradiance.

Evaluation of Lighting Solution

In a first step three possible solution kleas were
evaluated in regards to  their  thecretical
performance in NIR light video scquisiion. For this
assessment a list of required propertes was
developed based on the theorefical background
preserted in the chapters before. The three
atternatives included a ring-illumination system, a
moving-slit system and a solution utifizing
polarization  filters. Of these three, the ring-
illumination systermn proved most promising and was
therefore selected to be developed further

Fig. 1 Simulaton of the oplical path of & light source right)
through a 50 diopter lens info a8 Guiistreamd-LeGrand
schemeatic eyve. Every ight ray within the biue confines mits
the center of the relina.

Materials and Methods

For the ring-illumination system a complete holder
for a normally hand-held lens was developed. This
holder incduded a number of different MIR light
emitting diodes {LEDs) and was positioned at a
predetermined location between the bincculars of
the slt lamp and the patients eye. To test the
capabilites of this newly developed piece, a holding
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device for a mock eye was constructed and
employed to record video sequences of controlled
rotational and translational movements. A video
sequence showcasing the systemn with a real eye
was acquired as well

Results

First tests with the newly developed ring-ilumination
system did show great promise regarding both the
ability to provide video sequences with sufficient
mformation contert for tracking as well as being
easily integrated into an existing slit lamp system
An increase in illuminated area of about 240% was
achieved. The test videos did also show that
microsaccades of up to 2 degree ampitude
between frames should be trackable.

Fig. 2 Picture acquired with the finished prototype. Visible
fealwres include the optic disc (center) and surounding
vasculaiire. There is only minimel glare al the border of
the image.

Discussion

The video segquences taken with the newly
constructed device show great promise. There are
however areas of optimzation, namely the use of
LEDs with a namower opening angle for more
focused light application as well as possibly better
contrast.  Exchanging the camera currently
emploved in the sit lamp setup could also increase
the light sensitivity of the setup and thereby the
possible information content of the videos.
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Introduction

Epilepsy is a commoen disease affecting ~ 3 % of the
population in the course of life. Epileptic seizures
are caused by excessive electrical brain discharge
and may lead to shaking of limbs or loss of
consciousness. Due to seizures while driving,
epilepsy patients have a higher nsk of traffic
accidents. Interictal epileplic activity (IEA) is not
defined as an overt seizure and is net realized by
patients but can be observed in the electro-
encephalogram (EEG). Typically IEA lasts only a
few seconds and can lead o fransient cognitive
impairment, but its impact on driving s unclear [1,

IEA can be investigated by measunng resction
times (RT). To achieve this, 1) IEA has to be
detected in real time, so that the stimulus can be
delvered to the patient during the short pericd of
IEA. This is normally done by visual analysis, but
the need for real tme requires development of
automatic |IEA detection. 2) The time when the
stimulis s visible on the screen and can effectively
be seen by the patient has to be known, but the
digital device cascade between trigoer and effective
display on the screen has unknown and variable
cumulatve latencies, so  that the effective
appearance of the stimulus on the screen has to be
actually measured. 3) The time of the braking
response of the patent hast to be determined. This
thesis aimed at solving these problems.

Materials and Methods

In the developed device named "IRT" (Fig 1A), a
single-board computer running Linux (Raspberry
Fi), acquires EEG data in real time through a senal
port from an amplifier (Trackit). Each channel is
automatically processed by the own developed 1EA
detection softwars. Upon detection of IEA, a trigger
is sent to the driving simulator, resulting in the
display of a stop sign in front of the patient (Fig. 1B8).
The stop sign can also be manually triggered during
normal EEG to obtain reference RTs without IEA. A
RGB-color sensor (Fig 1C) measures the reflected
light from a selected area of the screen, The RGB
signals are processed by software on a
microcontroller to detect the on-screen stop sign.
Together with the brake signal, this yields the
effective RT (eRT).

Results
Measurements were done to assess  a) the
intemnal timing of the developed systerm, which used

54ms for sampling and filtering the stop sign
signal, and 520 us for registration of the braking
signal, b) to assess the delays of several digital
systems, including the driving simulator which
showed a median latency between stop sign
triggering and on-screen display of 234 ms (range:
180 - 611 ms; Fig. 10); <) to assess the feasibility
of |IEA detection and determination of eRT in &
healthy subjects and one patient with epilepsy. the
average reaction times of controls were 8714
+ 202 ms, Reaction times of the patient were 346.7
£123.9ms (n=38) during normal EEG and were
prolonged by 113ms (p = 0.004) to 9604
% 126.1 ms during IEA (n = 18).

Fig. 1, Reacfion time measurement urits, A IRT umt
{Raspberry Fi & mitrocontrolfer;. B) Foerst driving
simulator with EEG registration {*, Trackit arrow, sensor
wify, G Sensor wwt OY Latency between stop sign
Iriggering and registration,

Discussion and Conclusion

The developaed IRT system allowed automatic 1IEA
detection, The digital delays between triggering and
on-screen display have been measured for various
digital systems including the driving simulator. The
driving simulator latencies and vanability (189 - 611
ms) are large. For the first time, |AE detection and
refiable measurements of effective RTs are
possible.

References
[1] Krestel H et al. Epilepsia 2011;52:126-129
[2] Yang L et al. Epilepsy Behav 2010,18:238-248.
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Introduction

Today, the lifetime of an implantable cardiac
pacemaker is primarily limited by the battery. A
contemporary cardiac pacemaker needs fo be
replaced  after approximately 10 years. This
exposes the patient to an increased risk of medical
complications (e. g. infections, bleedings) and also
increases health costs due to multiple surgical
interventions.

To allow an implantable device autonomously
working over long term and avoid repeated device
replacements, intracorporeal  energy  harvesting
systems are desired. Sunlight is a vidually unlimited
ubigquitous energy source and partially penctrates
the skin. This means, that some of the sun's energy
may be harvested and converted into electrical
energy by subcutancously implanted photovoltaics
oells.

Materials and Methods

The aim of this project was the development of a
sunlight-powered cardiac pacemaker which is made
out of a photovoltaic module, an  energy
managemeant system, a sterage element and finally
a pacing circuit. First, different solar cells were
compared theoretically and experimentally.

Sunlight-pawered cardias pacemaker
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Frg 1 Block diagram sunhghl-powered cardiae pacermaker

Then, the energy management system was
designed according to the choice of photovoltaic
cells. The pacing circuit was devioped to be a 500
pacemaker which paced at a rate of 125 bpm.
Afterwards an storage element was selected fo
supply the system during one month without energy
harvesting. A mathematical simulation based on
metecrological data was set up to calculate the
harvestable energy in function of lifestyle and
weather. Finally prototypes were build in order to
implant them and validate the system in vivo.

E
H
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Results and discussions

The sclar module was finally composed of three
photovoltaics cells in series with an efficency of
22% and a total area of 22 x 22 mm. lts output
power reaches aroud 20mW under optimal sunlight
conditions (1'000 Wim2) under 3.5 mm of skin, The
power consumption was estimated to be 23.7 JW.
Thus, per month, 61.43 J are needed. The energy
management system was based on a dedicated
chip, which allows to harvest mere than 80 % of the
available power provided by the solar module under
the skin. A Li-lon battery dedicated for medical
implants was selected in agreement with previous
results. Two of them fully charged and mounted in
parallel reach a capacity of 6 mAh and allow
powering the system during more than on month
without additional power.

The simulation showed, that the energy harvested
during 30 minutes each day in ambient sunlight
during wintertime in Barn (80 wrmzj is sufficient to
harvest an average of 69 J during the whale month.
Thus, even in winter subcutanecus solar cells may
provide enough energy to power a pacemaker,

Finally, two fully integrated pacemaker prototypes
{figure 2) were designed and built to be implanted in
vivo in @ domestic pig. Both pacemakers were set to
have a pacing rate of 125bmp in S00 mode. The
first prototype was powered with a capacitor to allow
implanting without stored energy (the capacitor can
be emptied with a magnet). The second prototype
{Fig. 2) was powered by a Lithium-Polymer battery
of 9 mAh, Both prototypes were implanted and
successfully paced after irradiation.

i T
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Fig. 2 Futy inlegraled sunfght-powered  cardiac
pacemaker
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Intraduction

In chinical evaluation of electroencephalographic
signals (EEG) visual analysis by clinical experts
remains the gold standard, To assist observers,
different quantitative EEG (qEEG] analysis methods
were developed in the last 20 years, which offer
more objective criteria for assessment and may
indicate subtle signal changes.

Examples are high frequency components, signal
interactions, nonlinear properties  or  driver-
responder relationships, With regard to the EEG of
epilepsy pstients, two key applications of gEEG
analysis methods are early detection or even
prediction of seizures and the localisation of
ictogenic tissue, which can be targeted by epilepsy
sLrgery.

Although qEEG s more objective and often mare
sensitive than visual EEG analysis, it is still only little
used in clinical routine. The reason is that current
qEEG tools require profound programming skills,
which only few clinical expernts have.

Materials and Methods

The present master thesis provides a ftool to
integrate qEEG methods into clinical routine workup
of candidates for epilepsy surgery. In the thesis
proposal it was reguested to assort algorthms that
highlight complementary diagnostic information in a
routine way. The aim is to maximise the added
value of gEEG and promote the acceptance of
these modern methods by clinicians.

Results

EEGLAE is an interactive MATLAE toolbox for
processing continuous and eventrelated EEG,
which is widely spread among clinical experts. To
be able to benefit from the full functionalty of
EEGLAR, an add-on for this toolbox was developed
in the present master thesis, which was called
"gEEGsuite”. It gives clinical experts with limited or
even without programming skills access to different
gEEG algorithms. gEEG  results are  always
displayed together with the raw data, dincians are
familiar with. For advanced programmers
gEEGsuite provides a structure that allows straight
forward  inclusion of  additional  algorithms.
fqEEGsuite s developed in an object oriented
structure to allow straightforward enhancement.

Discussion

After a literature research a concept of the program
was built In expert interviews this concept was
refined, to develop the program afterwards. The
program qEEGsuite defines a base to create new
qEEG methods. After a test phase in a selected
board the program can be published and further
augmented

Referances
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Fig. 1 The scroll plat shows on the jeft side a peri-ictal EEG signal. On the right side the absolute siop of the EEG signals,
The scroll bars on fop and very left enalie to scroff and zoom in simultapeously original EEG signal and the gEEG result,
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Introduction
Functional electrical cycling is an alternative way of
oycling for paraplegics who have lost motion control
of their legs. FES works by creating an electrical
field through muscle tissue thus depolarzing nerve
cells which in turn contract muscles and cause
motion. FES for rehabilitation purposes has been
aroumd for about thirty years and has been studied
extenswvely. Regardless of the efforts made in the
field, the efficiency of FES is still low and muscles
stimulated by FES generate less power and fatigue
faster than voluntarly contracted muscles. Through
novel simulation patterns a more physiological and
efficient way to contract a muscle might be fourd,

The aim of the thesis was to improve an existing
recumbent FES trnicycle test bed to measure power
output generated by riders and to conduct a
validation study to investigate two different muscle
stimulation patterns to determinate changes in
power output.

.'I|-_ L §
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Fig. 1 FES wievele test hed in wse

Materials and Methods

The base of the test bed was an Adventure tricycle
by ICE. It was equipped with a Maxon motor and
motor controlier to tumm the pedals, to simulate
cycling movement in passive nders and a brake
chopper to turn excessive energy, generated by
shimulated riders, to hest The chain drive of the
bike was replaced by 2 belt drive by Madler to
reduce play and friction. The belt drive was
connected to the motor, An analogue X-Cell RT
torque and position sensor by Thun AG was usad to
measure power output. FES stimulation was applied
through a RehaStim stimulator by Hasomed.
Communication with the sensors and actuators as
well as design of the user interface was done using
Matlab and Simulink. Stmulation algorithms were
written in Simulink to ether stimulate with a constant
frequency of 35 Hertz or with a stochastic time delay
between  stimulation  pulses  from  1/50-1/20
seconds. Test cases for short-term (4 times 2.5 min
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stimulation pattem) and long-term (40min, one
stirmulation pattern) stimulation were implemented to
find differences in stimulation algorithms regarding
power output

Results

The existing test bed was improved. The tomue of
the left leqg was measured with a resclution of 10
miiNm in a 5 Volt range with zera Nm at 2.5 Vaolts
The power output can be extrapolsted to total power
output by assuming symmetry of both legs. Pedal
positon tracking was done with a precision of +3°
and a pedal play of 1.5° allowing high stimulation
timing precision. Further a GUI was implemented in
Matlab to communicate with the sensors and
effectors on the test bed and to control electrical
stimulation as well as display the cument
measurament  parameters  of  the  syslem
Differences in power output by different stimulation
patterns were investigated in a technical validation
study conducted on the 4 members of the FES
cycling project team. A mean power output increase
per leg of 0.88 watt for constantly pulsed simulation
and 0.64 watt for stochastic pulsed stimulation
compared to unstimulated power output was found
in short-term rmeasurements.

Discussion

The goal of seiting up a cycling test bed to apply
FES stirmulation to a person and measure
generated power output was reached. A novel
stimulation pattern was implemented and applied
succassfully. The technical validation study showed
that the test cases could be run and that the test
bed works aside from issues with computational
power of the PC used causing timing errors in
stirmulafion puises Furthermare electrode
placernant must be revised to gain better results in
terms of power output. Power output was
addiionally limited by pain expenenced by riders
caused by the stimulation. This limitation is not
applicable to people with spinal cord injury which
are the end users of the test bed. Overall the test
bed implemented is a good basis for further
research as it is simole in handling, measures
power with high precision and can easily be
adapted to new tasks thanks to its modular design.
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