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Tailored Protein Adsorption on 

Biocompatible Plasma Nanofilms

Michael  Bergmann (Lehrstuhl für Sensoren, Germany); Gerald 

Urban (Lehrstuhl für Sensoren, Germany) Track A
Biomaterials and 

Biocompatibility I
A-OP-01 04.10.2016 09:00

Alginate-based anisotropic capillary 

hydrogels as biomaterial scaffolds for 

oriented axon regeneration

Rainer Müller (Universität Regensburg, Germany); Manuel 

Brunner (Universität Regensburg, Germany); Gerhard Luedicke 

(Universität Regensburg, Germany); Armin Blesch (Purdue 

University, United States); Manuel Günther (Heidelberg 

University Hospital, Germany); Thomas Schackel (Heidelberg 

University Hospital, Germany); Norbert Weidner (Heidelberg 

University Hospital, Germany)

Track A
Biomaterials and 

Biocompatibility I
A-OP-02 04.10.2016 09:00

A standardized investigation of the 

biocompatibility of spider silk

Joern W Kuhbier (Medical School Hannover, Germany); Vincent 

Coger (Medical School Hannover, Germany); Judith Müller 

(Medical School Hannover, Germany); Christina Liebsch 

(Medical School Hannover, Germany); Kerstin Reimers (Medical 

School Hannover, Germany); Frederik Schlottmann (Medical 

School Hannover, Germany); Vesna Bucan (Medical School 

Hannover, Germany); Khaled Dastagir (Medical School 

Hannover, Germany); Peter M Vogt (Medical School Hannover, 

Germany); Sarah Strauss (Medical School Hannover, Germany)

Track A
Biomaterials and 

Biocompatibility I
A-OP-03 04.10.2016 09:00

High-strength biomaterials for 

implants

Bernhard Mingler (AIT Austrian Institute of Technology GmbH, 

Austria); Maciej Krystian (AIT Austrian Institute of Technology 

GmbH, Austria); Jelena Horky (AIT Austrian Institute of 

Technology GmbH, Austria); Manfred Bammer (AIT Austrian 

Institute of Technology GmbH, Austria)

Track A
Biomaterials and 

Biocompatibility II
A-OP-07 04.10.2016 11:00

Biofilm formation and antibiotic 

susceptibility of quorum sensing 

mutant P. aeruginosa in implant 

infection mouse model

Muhammad Imran Rahim (COMSATS Institute of Information 

Technology, Lahore, Pakistan); Manfred Rohde (COMSATS 

Institute of Information Technology, Lahore, Pakistan); Jan-

Marten Seitz (COMSATS Institute of Information Technology, 

Lahore, Pakistan); Peter Paul Mueller (COMSATS Institute of 

Information Technology, Lahore, Pakistan)

Track A
Biomaterials and 

Biocompatibility II
A-OP-08 04.10.2016 11:00
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Changes in impedance and cell 

recording by surface etching of a 

carbon nanotube-silicone rubber 

electrode material

Katharina Tegtmeier (Hannover Medical School, Germany); 

Fabian Borrmann (Hannover Medical School, Germany); 

Dominique Manikowski (Hannover Medical School, Germany); 

Birgit Andrée (Hannover Medical School, Germany); Thomas 

Lenarz (Hannover Medical School, Germany); Theodor Doll 

(Hannover Medical School, Germany)

Track A
Biomaterials and 

Biocompatibility II
A-OP-09 04.10.2016 11:00

Modification of Neural Electrode 

Surfaces by Nanoporous Platinum 

Coatings

Kim Dana Kreisköther (Leibniz Universität Hannover, Germany); 

Jennifer Schulze (Hannover Medical School, Germany); Dawid 

Peter Warwas (Leibniz Universität Hannover, Germany); Nina 

Ehlert (Leibniz Universität Hannover, Germany); Hans-Christoph 

Schwarz (Leibniz Universität Hannover, Germany); Athanasia 

Warnecke (Hannover Medical School, Germany); Peter Behrens 

(Leibniz Universität Hannover, Germany)

Track A Biocompatible Coating A-OP-14 05.10.2016 15:15

Fabrication and development of an 

all-inkjet printed microelectrode array 

for the investigation of cell-chip 

interactions

Bernd Bachmann (Forschungszentrum Jülich, Germany); Nouran  

Adly (Forschungszentrum Jülich, Germany); Jan Schnitker 

(Forschungszentrum Jülich, Germany); Alexey Yakushenko 

(Forschungszentrum Jülich, Germany); Bernhard Wolfrum (TU 

München, Germany)

Track A Biocompatible Coating A-OP-16 05.10.2016 15:15

Measuring the long term stability of 

(flexible) multi layer substrates

Markus Westerhausen (Eberhard Karls Universität, United 

Kingdom); Tanja Martin (Eberhard Karls Universität, United 

Kingdom); Boris Hofmann (Eberhard Karls Universität, United 

Kingdom)

Track A
Biomaterials and 

Biocompatibility 
A-PP-01 04.10.2016 12:30

Atmospheric plasma deposited 

silicon based organic/inorganic 

hybrid coatings on stainless steel for 

medical implants

Christin Rapp (Institute of Medical and Polymer Engineering, 

Technical University Munich, Germany); Marie Klose (Institute of 

Medical and Polymer Engineering, Technical University Munich, 

Germany); Syed Salman Asad (Plasmatreat GmbH, Germany); 

Christian Buske (Plasmatreat GmbH, Germany); Markus 

Eblenkamp (Institute of Medical and Polymer Engineering, 

Technical University Munich, Germany)

Track A
Biomaterials and 

Biocompatibility 
A-PP-02 04.10.2016 12:30
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Electro-spun sPEEK Membranes for 

Oxygenation Applications

Magnus Kruse (Institut für Textiltechni der RWTH Aachen 

University, Germany); Christine Neusser (Institut für Textiltechni 

der RWTH Aachen University, Germany); Felix Hesselmann 

(Institute of Applied Medical Engineering at RWTH Aachen 

University, Germany); Suzana Djeljadini (DWI – Leibniz Institute 

for Interactive Materials, Germany); Stefan Jockenhövel (Institut 

für Textiltechni der RWTH Aachen University, Germany)

Track A
Biomaterials and 

Biocompatibility 
A-PP-04 04.10.2016 12:30

Hydrophilization of Silicone 

Elastomers for Medical Applications 

using Polyethylene Glycol

Miriam Haerst (Technical University of Munich, Germany); 

Markus Ahrens (Technical University of Munich, Germany); 

Cécile Boudot (Technical University of Munich, Germany); 

Markus Eblenkamp (Technical University of Munich, Germany)
Track A

Biomaterials and 

Biocompatibility 
A-PP-05 04.10.2016 12:30

SPR- Analysis of protein interactions 

on biodegradable polymer surfaces

Katharina Wulf (University Medical Center, Rostock, Germany); 

Niels Grabow (University Medical Center, Rostock, Germany); 

Thomas Eickner (University Medical Center, Rostock, Germany) Track A
Biomaterials and 

Biocompatibility 
A-PP-06 04.10.2016 12:30

Calcification protocol for the 

enhanced in vitro screening of 

artificial heart valve materials

Stefanie Kohse (Rostock University Medical Center, Germany); 

Niels Grabow (Rostock University Medical Center, Germany); 

Thomas Eickner (Rostock University Medical Center, Germany) Track A
Biomaterials and 

Biocompatibility 
A-PP-07 04.10.2016 12:30

Blood damage modeling for a 

dynamic haemocompatibility testing 

device

Felix Lemcke (Institute for Multiphase Processes / Leibniz 

Universität Hannover, Germany); Benjamin Krolitzki (Institute for 

Multiphase Processes / Leibniz Universität Hannover, Germany); 

Birgit Glasmacher (Institute for Multiphase Processes / Leibniz 

Universität Hannover, Germany)

Track A
Biomaterials and 

Biocompatibility 
A-PP-10 04.10.2016 12:30

In vivo measurement of human 

tendon properties during activities of 

daily living using guided transmission 

mode ultrasonography

Scott Wearing (Queensland University of Technology, Australia); 

Christian Langton (Queensland University of Technology, 

Australia); Werner  Klingler (Ulm University, Germany); Sue 

Hooper (Department of Health, Australia); Torsten  Brauner 

(Technische Universität München, Germany)

Track B
Biomechanics and 

Orthopaedics
B-OP-02 04.10.2016 16:30
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Effect of indenter diameters during 

creep indentation on articular 

cartilage and model-based 

parameter identification using the 

biphasic model

Peter Foehr (Technische Universität München, Germany); 

Thomas Reuter (ICM-Institut Chemnitzer Maschinen- und 

Anlagenbau e.V., Germany); Constantin von Deimling 

(Technische Universität München, Germany); Lara Kuntz 

(Technische Universität München, Germany); Andreas 

Obermeier (Technische Universität München, Germany); Rainer 

Burgkart (Technische Universität München, Germany)

Track B
Biomechanics and 

Orthopaedics
B-OP-05 04.10.2016 16:30

Osteolysis in total hip arthroplasty 

after head and inlay revision surgery

Lorenz Pisecky (Medical University of Linz, Austria); Günter 

Hipmair (Medical University of Linz, Austria); Bernhard Schauer 

(Medical University of Linz, Austria); Nikolaus Böhler (Medical 

University of Linz, Austria)

Track B
Biomechanics and 

Orthopaedics
B-PP-01 04.10.2016 15:30

Direct Digital Manufacturing of 

insoles for diabetic patients: New 

Materials and Layouts

Tobias Ziegler (Fraunhofer IWM, Germany); Jhina Maritza  

Hernandez Marquez (Fraunhofer IWM, Germany) Track B
Biomechanics and 

Orthopaedics
B-PP-02 04.10.2016 15:30

Modeling of red blood cell mechanics Kamran Hassani (Science and Research Branch,Islamic Azad 

University, Iran, Islamic Republic Of)
Track B

Biomechanics and 

Orthopaedics
B-PP-05 04.10.2016 15:30

Higher variability in the muscular 

activation pattern of the thigh 

muscles during alpine skiing in TKA-

patients compared to healthy skier

Beat Göpfert (Uni Basel, Switzerland); Kim Herzog (Uni Basel, 

Switzerland); Patrick Meyer (Orthoklinik Dornach AG, 

Switzerland) Track B
Biomechanics and 

Orthopaedics
B-PP-06 04.10.2016 15:30

Design, analysis and prototyping of a 

muscle wire actuated vehicle

Namik Ciblak (Yeditepe University, Turkey); Burak C. Yukselen 

(Yeditepe University, Turkey); Mehmet A. Akgun (Yeditepe 

University, Turkey); A. Fethi Okyar (Yeditepe University, Turkey) Track B
Biomechanics and 

Orthopaedics
B-PP-07 04.10.2016 15:30

A microfluidic-based toolkit for 

automated analyses of C. elegans 

nematodes as models for 

mitochondrial and neurodegenerative 

human diseases

Matteo Cornaglia (EPFL, Switzerland); Laurent Mouchiroud 

(EPFL, Switzerland); Gopalan Krishnamani (EPFL, Switzerland); 

Alexis Marette (EPFL, Switzerland); Shreya Narasimhan (EPFL, 

Switzerland); Virginija Jovaisaite (EPFL, Switzerland); Vincenzo 

Sorrentino (EPFL, Switzerland); Thomas Lehnert (EPFL, 

Switzerland); Johan Auwerx (EPFL, Switzerland); Martin Gijs 

(EPFL, Switzerland)

Track C
Biomedical Instrumentation 

& Micro and Nano Systems
C-OP-01 04.10.2016 16:30
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Monitoring the effectiveness of the 

vacuum bell during the treatment of 

pectus excavatum: technical 

innovation

Sergio Sesia (University Children's Hospital of Basel, 

Switzerland); David  Hradetzky (Institute for Medical and 

Analytical Technologies, University of Applied Sciences of 

Northwestern Switzerland, Switzerland); Frank-Martin Haecker 

(University Children's Hospital of Basel, Switzerland)

Track C
Biomedical Instrumentation 

& Micro and Nano Systems
C-OP-03 04.10.2016 16:30

Development of a pneumo-tactile 

vibrissae stimulator for freely 

behaving rodents

Benedikt Hofmeier (Furtwangen University, Germany)

Track C
Biomedical Instrumentation 

& Micro and Nano Systems
C-OP-05 04.10.2016 16:30

Microwave evaluation of prostate 

tissue from transurethral resection

Andreas Brensing (Hochschule RheinMain, Germany); David 

Brandt (Hochschule RheinMain, Germany); Dirk Fischer 

(Hochschule RheinMain, Germany); Guido Platz (Hochschule 

RheinMain, Germany)

Track C
Biomedical Instrumentation 

& Micro and Nano Systems
C-PP-01 04.10.2016 15:30

CTCelect: fully automated 

singularization of circulating tumor 

cells from human blood for 

personalized cancer immunotherapy

Michael Bassler (Fraunhofer ICT-IMM, Germany)

Track C
Biomedical Instrumentation 

& Micro and Nano Systems
C-PP-02 04.10.2016 15:30

Modular measuring systems for 

individual treatment and care of 

dementia patients

Markus Detert (Otto von Guericke University Magdeburg, 

Germany); Erik Jung (Fraunhofer IZM, Germany); Tobias Leipold 

(clinpath GmbH, Germany); David Wagner (Otto von Guericke 

University Magdeburg, Germany); Gernot Heusinger von 

Waldegg (Pfeiffersche Stiftungen, Germany); Marc Nagel 

(pilotfish GmbH, Germany); Bertram Schmidt (Otto von Guericke 

University Magdeburg, Germany); Ingolf Schlosser (AEMtec 

GmbH, Germany); Corinna Hartmann (Johner Institut, Germany); 

Jacqueline Detert (Charité Universitätsmedizin Berlin, Germany)

Track C
Biomedical Instrumentation 

& Micro and Nano Systems
C-PP-03 04.10.2016 15:30

Effect of process parameters on 

hardness of SLM-Mg material

Jasmine Rüegg (University of Applied Sciences Northwestern 

Switzerland, Switzerland); Fabian  Wohlfender (University of 

Basel, Switzerland); Romy Marek (University of Applied Sciences 

Northwestern Switzerland, Switzerland); Michael De Wild 

(University of Applied Sciences Northwestern Switzerland, 

Switzerland); Nicola Vogt (University of Applied Sciences 

Northwestern Switzerland, Switzerland)

Track E
Bioprinting and Additive 

Manufacturing
E-OP-01 05.10.2016 08:30
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3-D Printed Bioreactors: 

Perspectives and Concepts

Markus Eblenkamp (Technical University of Munich, Germany); 

Sarah Burkhardt (Technical University of Munich, Germany); 

Matthias Schuh (Technical University of Munich, Germany); 

Stefan Leonhardt (Technical University of Munich, Germany)
Track E

Bioprinting and Additive 

Manufacturing
E-OP-05 05.10.2016 08:30

In situ photopolymerized composite 

hydrogels for implants: application to 

a nucleus pulposus replacement

Andreas Schmocker (EPFL, Switzerland); Azadeh Khoushabi 

(EPFL, Switzerland); Daniela Frauchiger (University of Bern, 

Switzerland); Benjamin  Gantenbein (University of Bern, 

Switzerland); Constantin Schizas (Clinic Cecil, Switzerland); 

Christophe  Moser (EPFL, Switzerland); Pierre-Etienne Bourban 

(EPFL, Switzerland); Dominique Pioletti (EPFL, Switzerland)

Track E
Bioprinting and Additive 

Manufacturing
E-OP-06 05.10.2016 08:30

A universal platform for nucleic acid 

based point-of-care diagnostics

Philipp Holz (Fraunhofer Institute for Physical Measurement 

Techniques IPM, Germany); Benedikt Hauer (Fraunhofer 

Institute for Physical Measurement Techniques IPM, Germany); 

Albrecht Brandenburg (Fraunhofer Institute for Physical 

Measurement Techniques IPM, Germany); Simon  Wadle (Hahn-

Schickard, Germany); Steffen Zehnle (Hahn-Schickard, 

Germany); Mark Keller (Hahn-Schickard, Germany); Ronny 

Möller (altona Diagnostics GmbH, Germany); Birgit Koger (altona 

Diagnostics GmbH, Germany)

Track F Biosensors and Bioanalytics F-OP-01 04.10.2016 14:00

IR-Spectroscopy and Multivariate 

Data Analysis in Point of Care 

Testing

Anja Niedermayr (Siemens AG, Germany); Jeremy Murray 

(Pyreos Ltd., United Kingdom); Matthias Schreiter (Siemens AG, 

Germany); Michael Schmalenberg ( MRI TU München, 

Germany); Peter B Luppa ( MRI TU München, Germany); 

Alexander M Gigler (Siemens AG, Germany)

Track F Biosensors and Bioanalytics F-OP-02 04.10.2016 14:00

Development of implantable 

electrochemical sensors for in-vivo 

measurement of Dopamine

Tanja Martin (Eberhard-Karls Universität Tübingen, United 

Kingdom); Markus Westerhausen (Eberhard-Karls Universität 

Tübingen, United Kingdom); Boris  Hofmann (Eberhard-Karls 

Universität Tübingen, United Kingdom)

Track F Biosensors and Bioanalytics F-OP-04 04.10.2016 14:00

Electrochemical biosensor system 

integration on flexible substrates for 

wearable health applications

Lars Blohm (Fraunhofer ISIT, Germany); Agnieszka Kurylo 

(Fraunhofer ISIT, Germany); Jörg Albers (Fraunhofer ISIT, 

Germany); Gundula Piechotta (Fraunhofer ISIT, Germany); Eric 

Nebling (Fraunhofer ISIT, Germany); Thomas Knieling 

(Fraunhofer ISIT, Germany)

Track F Biosensors and Bioanalytics F-OP-05 04.10.2016 14:00
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Investigating radiofrequency ablation 

lesions within an in-vitro setup using 

electrophysiological data

Khaled Naib (Karlsruhe Institute of Technology, Germany); 

Stefan Pollnow (Karlsruhe Institute of Technology, Germany); 

Taleieh Rajabi (Karlsruhe Institute of Technology, Germany); 

Ralf Ahrens (Karlsruhe Institute of Technology, Germany); 

Andreas Guber (Karlsruhe Institute of Technology, Germany); 

Olaf Dössel (Karlsruhe Institute of Technology, Germany)

Track F Biosensors and Bioanalytics F-OP-06 04.10.2016 14:00

Biosensing of Extracellular 

Complexes of 

Glycosylphosphatidylinositol-

Anchored Proteins and 

Phospholipids as Biomarkers for 

Type II Diabetes

Günter Müller (Helmholtz Zentrum München, Germany); Matthias 

Tschöp (Helmholtz Zentrum München, Germany)

Track F Biosensors and Bioanalytics F-PP-01 04.10.2016 15:30

Application of Electrophoresis to 

Improve Spectral Analysis of Lactate 

in Blood Plasma

Felix Fiedler (Luebeck University of Applied Sciences  (FHL), 

Germany); René Gänger (Luebeck University of Applied 

Sciences  (FHL), Germany); Christian Stark (Luebeck University 

of Applied Sciences  (FHL), Germany); Benjamin Redmer 

(Luebeck University of Applied Sciences  (FHL), Germany); 

Stefan Müller (Luebeck University of Applied Sciences  (FHL), 

Germany)

Track F Biosensors and Bioanalytics F-PP-02 04.10.2016 15:30

Requirements and design of a fluidic 

circuit for optical measurements on 

non-hemolyzed human blood

Benjamin Redmer (Luebeck University of Applied Sciences  

(FHL), Germany); Jennifer Albrecht (Luebeck University of 

Applied Sciences  (FHL), Germany); Isabeau Dibbern (Luebeck 

University of Applied Sciences  (FHL), Germany); Christian Stark 

(Luebeck University of Applied Sciences  (FHL), Germany); Felix 

Fiedler (Luebeck University of Applied Sciences  (FHL), 

Germany); Bodo Nestler (Luebeck University of Applied Sciences  

(FHL), Germany)

Track F Biosensors and Bioanalytics F-PP-03 04.10.2016 15:30

A novel concept for optical 

concentration determination of 

hemoglobin derivatives in 

non-hemolyzed human blood

Benjamin Redmer (Luebeck University of Applied Sciences  

(FHL), Germany); Isabeau Dibbern (Luebeck University of 

Applied Sciences  (FHL), Germany); Jennifer Albrecht (Luebeck 

University of Applied Sciences  (FHL), Germany); Christian Stark 

(Luebeck University of Applied Sciences  (FHL), Germany); Felix 

Fiedler (Luebeck University of Applied Sciences  (FHL), 

Germany); Bodo Nestler (Luebeck University of Applied Sciences  

(FHL), Germany)

Track F Biosensors and Bioanalytics F-PP-04 04.10.2016 15:30
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Preparation of Human Whole Blood 

Samples for Spectral Analysis of 

Soluted Blood Components with 

Magnetophoresis

Felix Fiedler (Luebeck University of Applied Sciences  (FHL), 

Germany); Md. Abdullah al Kamran Ripon (Luebeck University of 

Applied Sciences  (FHL), Germany); Christian Stark (Luebeck 

University of Applied Sciences  (FHL), Germany); Benjamin 

Redmer (Luebeck University of Applied Sciences  (FHL), 

Germany); Stefan Müller (Luebeck University of Applied 

Sciences  (FHL), Germany)

Track F Biosensors and Bioanalytics F-PP-05 04.10.2016 15:30

Spectroscopic lactate determination: 

An evaluation of prediction accuracy 

limiting effects

Christian Stark (Luebeck University of Applied Sciences  (FHL), 

Germany); René Gänger (Luebeck University of Applied 

Sciences  (FHL), Germany); Felix Fiedler (Luebeck University of 

Applied Sciences  (FHL), Germany); Benjamin Redmer (Luebeck 

University of Applied Sciences  (FHL), Germany); Stefan Müller 

(Luebeck University of Applied Sciences  (FHL), Germany)

Track F Biosensors and Bioanalytics F-PP-07 04.10.2016 15:30

In vitro polarimetric blood component 

determination in pretreated plasma 

samples

Christian Stark (Luebeck University of Applied Sciences  (FHL), 

Germany); Reza Behroozian (Luebeck University of Applied 

Sciences  (FHL), Germany); Felix Fiedler (Luebeck University of 

Applied Sciences  (FHL), Germany); Benjamin Redmer (Luebeck 

University of Applied Sciences  (FHL), Germany); Stefan Müller 

(Luebeck University of Applied Sciences  (FHL), Germany)

Track F Biosensors and Bioanalytics F-PP-08 04.10.2016 15:30

Optical sensing of nucleic acids at 

high sensitivity

Günnur Güler (Ege University, Turkey); Ercüment Karasulu (Ege 

University, Turkey)
Track F Biosensors and Bioanalytics F-PP-10 04.10.2016 15:30

Rapid On-Site Test of ESBL-

Producing Bacteria

Cornelia Hettrich (Fraunhofer IZI-BB, Germany); Eva Ehrentreich-

Förster (Fraunhofer IZI-BB, Germany)
Track F Biosensors and Bioanalytics F-PP-12 04.10.2016 15:30

The effect of cochlear implant 

surgery on balance control.

Kourosh Roushan (Universitätsspital Basel, Switzerland); Xenia 

Siemens (Universitätsspital Basel, Switzerland); Christof Stieger 

(Universitätsspital Basel, Switzerland); Daniel Bodmer 

(Universitätsspital Basel, Switzerland); John Allum 

(Universitätsspital Basel, Switzerland)

Track F Biosensors and Bioanalytics F-PP-13 04.10.2016 15:30
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Modular Workflow for Simulating 

Patient Specific Stimulation 

Efficiency of Vestibular Implants

Michael Handler (UMIT, Austria); Peter Schier (UMIT, Austria); 

Karl Fritscher (UMIT, Austria); Lejo Johnson Chacko (Medical 

University of Innsbruck, Austria); Rudolf Glueckert (Medical 

University of Innsbruck, Austria); Anneliese Schrott-Fischer 

(Medical University of Innsbruck, Austria); Rami Saba (MED-EL 

GmbH, Austria); Rainer Schubert (UMIT, Austria); Daniel 

Baumgarten (UMIT, Austria); Christian Baumgartner (Graz 

University of Technology, Austria)

Track G Neural Signal Processing G-OP-02 04.10.2016 11:00

Extraction of tremor features from 

Parkinson patients with DBS 

treatment

Rene Peter Bremm (Universite du Luxembourg, Luxembourg)

Track G Neural Signal Processing G-OP-04 04.10.2016 11:00

Neural information processes in EEG 

during general anaesthesia and 

coma

Denis Jordan (Klinikum rechts der Isar, Technische Universität 

München, Germany); Rüdiger Ilg (Klinikum rechts der Isar, 

Technische Universität München, Germany); Daniel Golkowski 

(Klinikum rechts der Isar, Technische Universität München, 

Germany); Andreas Ranft (Klinikum rechts der Isar, Technische 

Universität München, Germany); Sebastian Berger (Klinikum 

rechts der Isar, Technische Universität München, Germany); 

Gudrun Stockmanns (Hochschule Ruhr West, Germany); 

Gerhard Schneider (HELIOS Klinikum Wuppertal, 

Witten/Herdecke University, Germany); Eberhard F. Kochs 

(Klinikum rechts der Isar, Technische Universität München, 

Germany)

Track G Neural Signal Processing G-OP-05 04.10.2016 11:00

Heart rate variability in healthy 

subjects with 40 hours sleep 

deprivation

Thomas Penzel (Charité University of Medicine, Germany); 

Martin Glos (Charité University of Medicine, Germany); Niels 

Wessel (Charité University of Medicine, Germany); Ingo Fietze 

(Charité University of Medicine, Germany)
Track G

Biosignalverarbeitung in der 

Chronobiologie
G-OP-13 05.10.2016 11:00
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Pulse wave parameters for 

quantification of cardiovascular risk 

over 24 hours

Dirk Sommermeyer (Institut für Assistenzsysteme und 

Qualifizierung e.V., Germany); Ding Zou (University of 

Gothenburg, Sweden); Winfried J. Randerath (University of 

Cologne, Germany); Joachim H. Ficker (Klinikum Nürnberg Nord, 

Germany); Thomas Penzel (Charité – Universitätsmedizin Berlin, 

Germany); Bernd Sanner (Agaplesion Bethesda Krankenhaus, 

Germany); Jan Hedner (University of Gothenburg, Sweden); 

Ludger Grote (University of Gothenburg, Sweden)

Track G
Biosignalverarbeitung in der 

Chronobiologie
G-OP-14 05.10.2016 11:00

Spectral analytic assessment of Non-

REM / REM sleep dynamics

Bernd Feige (Freiburg University Medical Center, Germany)
Track G

Biosignalverarbeitung in der 

Chronobiologie
G-OP-15 05.10.2016 11:00

Intra-anal surface electrode design 

for a pelvic Intraoperative 

Neuromonitoring

Roman Ruff (Fraunhofer IBMT, Germany); Jan Diesing 

(Fraunhofer IBMT, Germany); Thilo B. Krüger (inomed 

Medizintechnik GmbH, Germany); Werner Kneist (University 

Medicine of the Johannes Gutenberg-University Mainz, 

Germany); Klaus-Peter Hoffmann (Fraunhofer IBMT, Germany)

Track G
Technik und Methodik des 

pelvinen Intraoperativen 

Neuromonitorings

G-OP-17 05.10.2016 08:30

Extracorporeal stimulation of pelvic 

autonomic nerves under non-

invasive intra-anal surface EMG of 

the internal anal sphincter - 

Preliminary results of an 

experimental study

Nicolas Wachter (University Medicine of the Johannes 

Gutenberg-University Mainz, Germany); Daniel W.  Kauff 

(University Medicine of the Johannes Gutenberg-University 

Mainz, Germany); Axel Heimann (University Medicine of the 

Johannes Gutenberg-University Mainz, Germany); Thilo B. 

Krüger (inomed Medizintechnik GmbH, Germany); Klaus-Peter 

Hoffmann (Fraunhofer Institute for Biomedical Engineering, 

Germany); Hauke Lang (University Medicine of the Johannes 

Gutenberg-University Mainz, Germany); Werner Kneist 

(University Medicine of the Johannes Gutenberg-University 

Mainz, Germany)

Track G
Technik und Methodik des 

pelvinen Intraoperativen 

Neuromonitorings

G-OP-20 05.10.2016 08:30
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Minimal invasive pelvic intraoperative 

neuromonitoing - Novel 

developments within translational 

research and collaboration

Daniel W. Kauff (University Medicine of the Johannes Gutenberg-

University Mainz, Germany); Nicolas Wachter (University 

Medicine of the Johannes Gutenberg-University Mainz, 

Germany); Axel Heimann (University Medicine of the Johannes 

Gutenberg-University Mainz, Germany); Thilo B. Krüger (inomed 

Medizintechnik GmbH, Germany); Hauke Lang (University 

Medicine of the Johannes Gutenberg-University Mainz, 

Germany); Werner Kneist (University Medicine of the Johannes 

Gutenberg-University Mainz, Germany)

Track G
Technik und Methodik des 

pelvinen Intraoperativen 

Neuromonitorings

G-OP-21 05.10.2016 08:30

Changed central vascular regulation 

in glaucoma patients

Andreas Voss (Ernst-Abbe-Hochschule Jena, Germany); Cristina 

Gonzalez (Ernst-Abbe-Hochschule Jena, Germany); Claudia 

Fischer (Ernst-Abbe-Hochschule Jena, Germany); Eva Koch 

(University Hospital Aachen, Germany); Niklas Plange 

(University Hospital Aachen, Germany); Kathleen Kunert (Helios 

Hospital Erfurt, Germany)

Track G Biosignal Processing II G-OP-29 06.10.2016 12:00

Towards an automatic detection and 

quantification of urinary bladder 

activity in overactive bladder patients

Thomas Niederhauser (Institute for Human Centered 

Engineering, University of Applied Sciences, Switzerland); Tarcisi 

Cantieni (ARTORG Center, University of Bern, Switzerland); 

Michelle Grämiger (Department of Urology, Bern University 

Hospital, Switzerland); Andreas Haeberlin (Department of 

Cardiology, Bern University Hospital, Switzerland); Dominik 

Obrist (ARTORG Center, University of Bern, Switzerland); Fiona  

Burkhard (Department of Urology, Bern University Hospital, 

Switzerland); Francesco Clavica (ARTORG Center, University of 

Bern, Switzerland)

Track G Biosignal Processing II G-OP-31 06.10.2016 12:00

A study of ECG sampling frequency 

and its impact on the functionality of 

EDR methods

Marcus Schmidt (Otto-von-Guericke-Universität, Germany); Andy 

Schumann (Universitätsklinikum Jena, Germany); Karl-Jürgen 

Bär (Universitätsklinikum Jena, Germany); Georg Rose (Otto-von-

Guericke-Universität, Germany)
Track G Biosignal Processing G-PP-02 04.10.2016 12:30
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Pacemaker and electrocardiography 

measurements in TAVI 

Jonas Tumampos (Hochschule Offenburg, Germany), Takam 

Pierre Christian (Hochschule Offenburg, Germany), Michael Gick 

(Universitäts Herzzentrum Freiburg/Bad Krozingen), Rolf-Peter 

Kienzle (Universitäts Herzzentrum Freiburg/Bad Krozingen), 

Matthias Heinke (Hochschule Offenburg)

Track G Biosignal Processing G-PP-04 04.10.2016 12:30

Combined analysis of unipolar and 

bipolar electrograms for local 

activation time annotation near the 

stimulus site of paced rhythms

Bhawna Verma (Karlsruhe Institute of Technology  (KIT), 

Germany); Tobias  Oesterlein (Karlsruhe Institute of Technology  

(KIT), Germany); Armin Luik (Staedtisches Klinikum Karlsruhe, 

Germany); Claus Schmitt (Staedtisches Klinikum Karlsruhe, 

Germany); Olaf Doessel (Karlsruhe Institute of Technology  

(KIT), Germany)

Track G Biosignal Processing G-PP-05 04.10.2016 12:30

Impaired neuronal synchronization in 

schizophrenic patients

Steffen Schulz (Ernst-Abbe-Hochschule Jena, Germany); Borja 

Cladera (Universitat Politecnica de Catalunya, Spain); Beatriz 

Giraldo (Universitat Politecnica de Catalunya, Spain); Karl-

Juergen Baer (University Hospital Jena, Germany); Matthias Bolz 

(University Hospital Jena, Germany); Andreas Voss (Ernst-Abbe-

Hochschule Jena, Germany)

Track G Biosignal Processing G-PP-07 04.10.2016 12:30

A Fast Algorithm for the Recovering 

of an Unknown Periodic Signal in a 

Noisy Recording

Michael Feiling (Technische Hochschule Mittelhessen, 

Germany); Thomas Schanze (Technische Hochschule 

Mittelhessen, Germany) Track G Biosignal Processing G-PP-09 04.10.2016 12:30

Level-crossing behavior analysis for 

seizure prediction in epilepsy

Katja Mühlberg (Institute of Principles of Electrical and Electronic 

Engineering, Germany); Ronald  Tetzlaff (Institute of Principles of 

Electrical and Electronic Engineering, Germany); Vanessa 

Senger (Institute of Principles of Electrical and Electronic 

Engineering, Germany)

Track G Biosignal Processing G-PP-10 04.10.2016 12:30

Transthoracic impedance 

cardiography measurements with 

different monitoring devices

Nadine Schuler (University of Applied Sciences Offenburg, 

Germany); Matthias Heinke (University of Applied Sciences 

Offenburg, Germany); Jonas Tumampos (University of Applied 

Sciences Offenburg, Germany)
Track G Biosignal Processing G-PP-11 04.10.2016 12:30

A democratic neuronal position 

estimation algorithm: Let the majority 

decide

Martin Nguyen (Technische Hochschule Mittelhessen, Germany); 

Thomas Schanze (Technische Hochschule Mittelhessen, 

Germany)
Track G Biosignal Processing G-PP-12 04.10.2016 12:30
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Facial nerve paresis: a real-time 

digital biofeedback mirror as 

therapeutic exercise tool using phase 

based video motion processing

Andy Kruder (University of Applied Sciences and Arts Dortmund, 

Germany); Tobias  Rempel (University of Applied Sciences and 

Arts Dortmund, Germany); Nicolai Spicher (University of Applied 

Sciences and Arts Dortmund, Germany); Anke Schlüter 

(University Hospital of Essen, Germany); Stephan Lang 

(University Hospital of Essen, Germany); Markus Kukuk 

(University of Applied Sciences and Arts Dortmund, Germany)

Track G Biosignal Processing G-PP-13 04.10.2016 12:30

Assessment of surface 

electromyography signals under 

nonfatigue and fatigue conditions 

using nonlinear techniques and 

machine learning methods

Kiran Marri (Indian Institute of Technology Madras, India); 

Swaminathan Ramakrishnan (Indian Institute of Technology 

Madras, India)
Track G Biosignal Processing G-PP-14 04.10.2016 12:30

Analysis of stress states using 

Electrodermal activity signals and 

wavelet transform

Nagarajan G (Indian Institute of Technology, Madras, India); 

Swaminathan Ramakrishnan (Indian Institute of Technology, 

Madras, India)
Track G Biosignal Processing G-PP-15 04.10.2016 12:30

First clinical study of continuous beat-

to-beat hemodynamic monitoring in 

patients with implantable blood 

pumps

Francesco Moscato (Medical University of Vienna, Austria); 

Christoph Gross (Medical University of Vienna, Austria); Michael 

Haller (Medical University of Vienna, Austria); Christiane  Marko 

(Zentrum für ambulante Rehabilitation, Austria); Daniel Zimpfer 

(Medical University of Vienna, Austria); Heinrich Schima (Medical 

University of Vienna, Austria)

Track H Cardio Technology H-OP-05 05.10.2016 15:15

Textile-Reinforcement for Aortic 

Tissue-Engineered Heart Valves

Christine Neusser (Institut für Textiltechnik der RWTH Aachen 

University, Germany); Linda Schiermeister (Institut für 

Textiltechnik der RWTH Aachen University, Germany); Ricardo  

Moreira (Institute for Applied Medical Engineering, Germany); 

Magnus Kruse (Institut für Textiltechnik der RWTH Aachen 

University, Germany); Petra Mela (Institute for Applied Medical 

Engineering, Germany); Stefan Jockenhoevel (Institut für 

Textiltechnik der RWTH Aachen University, Germany)

Track H Cardiovascular Implants H-OP-07 05.10.2016 11:00

Comparison of the dynamic diameter 

deformation of nitinol carotis stents 

during fatigue testing with radial 

loading

Maria Boeck (University Medicine, Rostock, Germany); Frank 

Kamke (Institute for Implanttechnology and Biomaterials, 

Germany); Niels  Grabow (University Medicine, Rostock, 

Germany); Wolfram Schmidt (University Medicine, Rostock, 

Germany)

Track H Cardiovascular Implants H-OP-08 05.10.2016 11:00



Abstracts BMT 2016

"Dreiländertagung" Swiss, Austrian and German Societies for Biomedical Engineering (4–6 October 2016, Basel/CH)

Title Authors (affiliation and country)
Session 

ID
Session

Abstract 

ID

Session date & 

start time
Long-term validation study of a solar 

powered pacemaker

Lukas Bereuter (University of Bern, Switzerland); Sebastian 

Williner (University of Bern, Switzerland); Adrian Zurbuchen 

(University of Bern, Switzerland); Rolf Vogel (Solothurner Spitäler 

AG, Switzerland); Andreas Haeberlin (Bern University Hospital, 

Switzerland)

Track H Cardiovascular Implants H-OP-12 05.10.2016 11:00

Quantification of the wall shear 

stress in a Chandler-loop 

hemocompatibility testing system

Benjamin Krolitzki (Leibniz Universität Hannover, Germany); 

Marc Müller (Leibniz Universität Hannover, Germany); Birgit 

Glasmacher (Leibniz Universität Hannover, Germany) Track H Cardio Technology H-PP-01 05.10.2016 12:30

Modification of small-diameter 

vascular grafts with vascular 

endothelial growth factor has an 

advantage over modification with 

RGD peptides

Anton Kutikhin (Research Institute for Complex Issues of 

Cardiovascular Diseases, Russian Federation); Larisa Antonova 

(Research Institute for Complex Issues of Cardiovascular 

Diseases, Russian Federation); Alexander Seifalian (University 

College London, United Kingdom); Victoria Sevostyanova 

(Research Institute for Complex Issues of Cardiovascular 

Diseases, Russian Federation); Andrey Mironov (Research 

Institute for Complex Issues of Cardiovascular Diseases, 

Russian Federation); Amin Shabaev (Research Institute for 

Complex Issues of Cardiovascular Diseases, Russian 

Federation); Vera Matveeva (Research Institute for Complex 

Issues of Cardiovascular Diseases, Russian Federation); Elena 

Velikanova (Research Institute for Complex Issues of 

Cardiovascular Diseases, Russian Federation); Evgeniya 

Sergeeva (Research Institute for Complex Issues of 

Cardiovascular Diseases, Russian Federation); Evgeniya 

Krivkina (Research Institute for Complex Issues of 

Cardiovascular Diseases, Russian Federation); Yuliya 

Kudryavtseva (Research Institute for Complex Issues of 

Cardiovascular Diseases, Russian Federation); Olga Barbarash 

(Research Institute for Complex Issues of Cardiovascular 

Diseases, Russian Federation); Leonid Barbarash (Research 

Institute for Complex Issues of Cardiovascular Diseases, 

Russian Federation)

Track H Cardio Technology H-PP-02 05.10.2016 12:30
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Compliant transparent patient-

specific aortic root phantoms for 

hemodynamic valve testing

Silje Ekroll Jahren (ARTORG Center, Switzerland); David Hasler 

(ARTORG Center, Switzerland); Bernhard Vennemann 

(ARTORG Center, Switzerland); Martina Correa Londoño 

(Institute of Diagnostic, Interventional and Pediatric Radiology, 

Switzerland); Zoltan Laszlo  Madi (Institute of Diagnostic, 

Interventional and Pediatric Radiology, Switzerland); Hendrik  

von Tengg-Kobligk (Institute of Diagnostic, Interventional and 

Pediatric Radiology, Switzerland); Dominik Obrist (ARTORG 

Center, Switzerland)

Track H Cardio Technology H-PP-03 05.10.2016 12:30

Foldable Blades for a Minimally 

Invasive Right Ventricular Assist 

Device

Christine Donay (Institut für Textiltechnik der RWTH Aachen 

University, Germany); Tim Bolle (Institut für Textiltechnik der 

RWTH Aachen University, Germany); Fiete Böhning (Institute of 

Applied Medical Engineering, Helmholtz-Institut, Germany); 

Thomas Gries (Institut für Textiltechnik der RWTH Aachen 

University, Germany); Stefan Jockenhövel (Institut für 

Textiltechnik der RWTH Aachen University, Germany)

Track H Cardio Technology H-PP-04 05.10.2016 12:30

Concept for a Miniaturized 

Cardiovascular Multi Sensor Implant

Michael Görtz (Fraunhofer Institute for Microelectronic Circuits 

and Systems IMS, Germany), Özgü Dogan (Fraunhofer Institute 

for Microelectronic Circuits and Systems IMS, Germany) Track H Cardio Technology H-PP-05 05.10.2016 12:30

Enhanced compliance properties of 

an innovative small-calibre vascular 

graft

Alexander Löwen (Institut für Textiltechnik of RWTH Aachen 

University, Germany); Klas-Moritz Kossel (Institut für 

Textiltechnik of RWTH Aachen University, Germany); Valentine 

Gesché (Institut für Textiltechnik of RWTH Aachen University, 

Germany); Thomas Gries (Institut für Textiltechnik of RWTH 

Aachen Universi, Germany); Stefan Jockenhövel  (Institut für 

Textiltechnik of RWTH Aachen University, Germany)

Track H Cardio Technology H-PP-06 05.10.2016 12:30
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Development of an absorbable 

polymer stent structure for 

regenerative percutaneous 

transcatheter aortic valve 

replacement - Mechanical feasibility 

in vitro

Niels Grabow (Institute for Biomedical Engineering, Germany); 

Nadine Troes (Institute for Biomedical Engineering, Germany); 

Nicklas Fiedler (Institute for Biomedical Engineering, Germany); 

Felix Möder (Institute for Biomedical Engineering, Germany); 

Sebastian Kaule (Institute for Biomedical Engineering, 

Germany); Christoph Brandt-Wunderlich (Institute for Biomedical 

Engineering, Germany); Jörn Bo Matthies (Institute for 

Biomedical Engineering, Germany); Daniela Arbeiter (Institute for 

Biomedical Engineering, Germany); Wolfram Schmidt (Institute 

for Biomedical Engineering, Germany); Klaus-Peter Schmitz 

(Institute for Biomedical Engineering, Germany)

Track H Cardio Technology H-PP-08 05.10.2016 12:30

Influence of mesenchymal stem cell 

differentiation by 3D co-culturing with 

meniscal cells in an equine model

Antje Kremer (University Hospital of Wuerzburg, Germany); Iris 

Ribitsch (University of Veterinary Medicine, Austria); Florien 

Jenner (University of Veterinary Medicine, Austria); Heike Walles 

(University Hospital of Wuerzburg, Germany); Jenny Reboredo 

(University Hospital of Wuerzburg, Germany)

Track I
Cellular-, Tissue- and 

Bioengineering
I-OP-03 05.10.2016 11:00

Fluid flow simulations in a porous 

scaffold to improve co-cultivation of 

human mesenchymal stromal stem 

cells and human microvascular 

endothelial cells for bone tissue 

engineering

Valentin Jossen (Zurich University of Applied Sciences ZHAW, 

Switzerland); Dieter Eibl (Zurich University of Applied Sciences 

ZHAW, Switzerland)

Track I
Cellular-, Tissue- and 

Bioengineering
I-OP-06 05.10.2016 11:00

Current applications of Spider Silk 

Scaffolds in Tissue Engineering of 

Ligament and Tendon Tissue using 

Bioreactor Technology

Frederik Schlottmann (Hannover Medical School, Germany); 

Kerstin  Reimers (Hannover Medical School, Germany); Christian  

Plaaß (Hannover Medical School, Germany); Sarah Strauß 

(Hannover Medical School, Germany); Vincent Coger (Hannover 

Medical School, Germany); Peter M. Vogt (Hannover Medical 

School, Germany); Jörn W. Kuhbier (Hannover Medical School, 

Germany)

Track I
Cellular-, Tissue- and 

Bioengineering
I-PP-01 05.10.2016 12:30

Tracer gas analysis to quantify 

natural convection and atmosphere 

exchange in carbon dioxide 

incubators

Matthias Schuh (Technical University of Munich, Germany); 

Bernd Schubert (Tintschl BioEnergie und Strömungstechnik AG, 

Germany); Markus Eblenkamp (Technical University of Munich, 

Germany)

Track I
Cellular-, Tissue- and 

Bioengineering
I-PP-02 05.10.2016 12:30
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Impact of shear stress on cell 

expansion and agglomerate 

formation in microcarrier-based 

cultivations of adipose tissue-derived 

stromal/stem cells

Valentin Jossen (Zurich University of Applied Sciences ZHAW, 

Switzerland); Regine Eibl (Zurich University of Applied Sciences 

ZHAW, Switzerland); Dieter Eibl (Zurich University of Applied 

Sciences ZHAW, Switzerland)
Track I

Cellular-, Tissue- and 

Bioengineering
I-PP-03 05.10.2016 12:30

Simultaneous recording of calcium 

transients and force production in 

tissue engineered muscle fibers 

reveal modulatory effects of Nitric 

Oxide  

Lisa-Mareike Scheid (Heidelberg University Hospital, Germany); 

Almut Lütge (Heidelberg University Hospital, Germany); Tim 

Heißenberg (Heidelberg University Hospital, Germany); Rainer 

HA Fink (Heidelberg University Hospital, Germany); Matias 

Mosqueira (Heidelberg University Hospital, Germany)

Track I
Cellular-, Tissue- and 

Bioengineering
I-PP-04 05.10.2016 12:30

Development and evaluation of a 

bioprinting platform for printing cell-

laden  hydrogels under culture 

conditions.

Sascha Schwarz (Munich University of Applied Sciences, 

Germany); Julian Blaser (Munich University of Applied Sciences, 

Germany); Daniel Baier (Munich University of Applied Sciences, 

Germany); Joseph Thaler (Munich University of Applied 

Sciences, Germany); Benedikt Kaufmann (Munich University of 

Applied Sciences, Germany); Manuel Oestreich (Munich 

University of Applied Sciences, Germany); Stefanie Sudhop 

(Munich University of Applied Sciences, Germany); Hauke 

Clausen-Schaumann (Munich University of Applied Sciences, 

Germany); Alfred Fuchsberger (Munich University of Applied 

Sciences, Germany)

Track I
Cellular-, Tissue- and 

Bioengineering
I-PP-05 05.10.2016 12:30

Biocentered Mechatronic Multiscale 

Cell Cultivation System

Robert Fischer (Technische Universität Ilmenau, Germany); Anja 

Straube (Technische Universität Ilmenau, Germany); Mike 

Stubenrauch (Technische Universität Ilmenau, Germany); 

Hartmut Witte (Technische Universität Ilmenau, Germany)
Track I

Cellular-, Tissue- and 

Bioengineering
I-PP-06 05.10.2016 12:30

Development of Volvox spheres for 

the co-culture of cardiovascular cells 

for tissue engineering

Sinduja Suresh (Leibniz Universität Hannover, Germany); 

Oleksandr Gryshkov (Leibniz Universität Hannover, Germany); 

Birgit Glasmacher (Leibniz Universität Hannover, Germany) Track I
Cellular-, Tissue- and 

Bioengineering
I-PP-08 05.10.2016 12:30
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Ventilation with "Expiratory 

Ventilation Assistance" - in-vivo 

evaluation of a mechanical ventilator 

prototype

Johannes Schmidt (Faculty of Medicine, University of Freiburg, 

Germany); Christin Wenzel (Faculty of Medicine, University of 

Freiburg, Germany); Marlene Mahn (Faculty of Medicine, 

University of Freiburg, Germany); Sashko Spassov (Faculty of 

Medicine, University of Freiburg, Germany); Heidi Cristina-

Schmitz (Faculty of Medicine, University of Freiburg, Germany); 

Silke Borgmann (Faculty of Medicine, University of Freiburg, 

Germany); Jörg Haberstroh (Faculty of Medicine, University of 

Freiburg, Germany); Stephan Meckel (Faculty of Medicine, 

University of Freiburg, Germany); Steffen Wirth (Faculty of 

Medicine, University of Freiburg, Germany); Stefan Schumann 

(Faculty of Medicine, University of Freiburg, Germany)

Track J
Clinical Engineering and 

Hospital Technology
J-OP-02 05.10.2016 17:00

Pressure-flow characteristics of 

coaxial tubing systems

Christin Wenzel (Faculty of Medicine, University of Freiburg, 

Germany); Stefan Schumann (Faculty of Medicine, University of 

Freiburg, Germany); Johannes Spaeth (Faculty of Medicine, 

University of Freiburg, Germany)
Track J

Clinical Engineering and 

Hospital Technology
J-OP-03 05.10.2016 17:00

Comparative Assessment of Stroke 

Patients' Upper Limb Tasks to 

Evaluate a System Based on Inertial 

Measurement Units and Fuzzy Logic

Braulio R. Duarte (Institute of Applied Medical Engineering, 

RWTH Aachen University, Germany); Catherine  Disselhorst-

Klug (Institute of Applied Medical Engineering, RWTH Aachen 

University, Germany)
Track J

Clinical Engineering and 

Hospital Technology
J-OP-04 05.10.2016 17:00

In vitro assessment of the effects of 

high glucose levels on rheological 

blood parameters.

Steven Ndzengue (Leibniz Universität Hannover, Germany); 

Marc Müller (Leibniz Universität Hannover, Germany); Jörg 

Vienken (---, Germany); Birgit Glasmacher (Leibniz Universität 

Hannover, Germany)

Track J
Clinical Engineering and 

Hospital Technology
J-OP-05 05.10.2016 17:00

Camera-based pulse transition time 

measurement for blood pressure 

estimation

Fabian Schrumpf (Leipzig University of Applied Sciences  

(HTWK), Germany); Juliane Bauer (Leipzig University of Applied 

Sciences  (HTWK), Germany); Bianca Reichard (Leipzig 

University of Applied Sciences  (HTWK), Germany); Daniel 

Matthes (Leipzig University of Applied Sciences  (HTWK), 

Germany); Mirco Fuchs (Leipzig University of Applied Sciences  

(HTWK), Germany)

Track J
Clinical and Ambulatory 

Monitoring
J-PP-01 04.10.2016 12:30
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Skin detetction based ROI selection 

for the analysis of rPPG signals in 

newborns

Daniel Matthes (Leipzig, University of Applied Sciences  (HTWK), 

Germany); Christoph Mönch (Leipzig, University of Applied 

Sciences  (HTWK), Germany); Fabian Schrumpf (Leipzig, 

University of Applied Sciences  (HTWK), Germany); Mirco Fuchs 

(Leipzig, University of Applied Sciences  (HTWK), Germany); 

Gerold Bausch (Leipzig, University of Applied Sciences  (HTWK), 

Germany)

Track J
Clinical and Ambulatory 

Monitoring
J-PP-02 04.10.2016 12:30

AIIC: a winning model for 

membership and partnership in 

Clinical Engineering Associations

Stefano Bergamasco (AIIC, Italy); Paolo Lago (AIIC, Italy); 

Corrado Gemma (AIIC, Italy); Lorenzo Leogrande (AIIC, Italy)
Track K

AIIC – Developments in 

clinical engineering in 

Europe

K-OP-01 06.10.2016 09:00

Safe reprocessing of medical 

devices with a view of the entire 

process chain - the guideline VDI 

5700 

Marc Kraft (TU Berlin, Germany)

Track K
Hygiene Optimiertes Design 

und Aufbereitung von 

Medizinprodukten

K-OP-02 05.10.2016 08:30

Hygenic Design and validated 

reprocessing of angiography 

systems and other non-sterile used 

medical devices

Sebastian Buhl (Ostbayerische Technische Hochschule, 

Germany); Sabine Hentschel (Ostbayerische Technische 

Hochschule, Germany); C Werner (Ostbayerische Technische 

Hochschule, Germany); Nicole Eschenbecher (Ostbayerische 

Technische Hochschule, Germany); Clemens Bulitta 

(Ostbayerische Technische Hochschule, Germany)

Track K
Hygiene Optimiertes Design 

und Aufbereitung von 

Medizinprodukten

K-OP-03 05.10.2016 08:30

Anti-Microbial Surfaces for Health 

Care Applications using Transition 

metallo- acids

Peter Guggenbichler (AMiSTec GmbH & Co. KG, Austria)

Track K
Hygiene Optimiertes Design 

und Aufbereitung von 

Medizinprodukten

K-OP-04 05.10.2016 08:30

Cleanroom suitability qualification of 

a six axis robot system for sterile 

pharmaceutical manufacturing: 

Holistic approach

Markus Keller (Fraunhofer Institute for Manufacturing 

Engineering and Automation , Germany); Stefanie Boos 

(Fraunhofer Institute for Manufacturing Engineering and 

Automation , Germany); Gabriela Baum (Fraunhofer Institute for 

Manufacturing Engineering and Automation , Germany); Mathias 

Brückner (Fraunhofer Institute for Manufacturing Engineering and 

Automation , Germany); Frank Bürger (Fraunhofer Institute for 

Manufacturing Engineering and Automation , Germany); Udo 

Gommel (Fraunhofer Institute for Manufacturing Engineering and 

Automation , Germany)

Track K
Hygiene Optimiertes Design 

und Aufbereitung von 

Medizinprodukten

K-OP-05 05.10.2016 08:30



Abstracts BMT 2016

"Dreiländertagung" Swiss, Austrian and German Societies for Biomedical Engineering (4–6 October 2016, Basel/CH)

Title Authors (affiliation and country)
Session 

ID
Session

Abstract 

ID

Session date & 

start time
Hygiene Optimiertes Design und 

Aufbereitung von Medizinprodukten - 

Design and Reprocessing of Medical 

devices - how to optimize under 

hygienic aspects?

Gerhard Kirmse (Aesculap AG, Germany)

Track K
Hygiene Optimiertes Design 

und Aufbereitung von 

Medizinprodukten

K-OP-06 05.10.2016 08:30

Performance Evaluation of a 

Treatment Couch used for Tumor 

Tracking

Alexander Jöhl (ETHZ, Switzerland); Markus Stäuble (ETHZ, 

Switzerland); Marcial Monn (ETHZ, Switzerland); Marianne 

Schmid Daners (ETHZ, Switzerland); Mirko Meboldt (ETHZ, 

Switzerland); Stephan Klöck (UniversityHospital Zurich, 

Switzerland); Stephanie Tanadini-Lang (UniversityHospital 

Zurich, Switzerland)

Track K
Clinical Engineering and 

Hospital Technology
K-PP-01 04.10.2016 15:30

A novel mechanical ventilator for 

small animals enabling flow-

controlled expiration (FLEX)

Sara Lozano-Zahonero (Medical Center, University of Freiburg, 

Germany); Matthias Schneider (Medical Center, University of 

Freiburg, Germany); Johannes Spaeth (Medical Center, 

University of Freiburg, Germany); Stefan Schumann (Medical 

Center, University of Freiburg, Germany)

Track K
Clinical Engineering and 

Hospital Technology
K-PP-02 04.10.2016 15:30

Identification of instruments and 

implants with RFID and Data Matrix 

Codes for the use at the instrument 

table

Lukas Böhler (Aesculap AG, Germany); Mateusz Daniol 

(Aesculap AG, Germany); Christian Wehrle (Aesculap AG, 

Germany) Track K
Clinical Engineering and 

Hospital Technology
K-PP-03 04.10.2016 15:30

Humidifcation performance of three 

conventional humidiers under 

Pulsatile Bi-Level Ventilation

Stefan Strohmer (Carl Reiner GmbH, Austria)

Track K
Clinical Engineering and 

Hospital Technology
K-PP-04 04.10.2016 15:30

A radiobiological modelling and 

evaluation system for radiation 

oncology treatment planning

Ilias Sachpazidis (Radiation Oncology Department, University 

Hospital of FreiburgFREIBURG, Germany); Dimos Baltas 

(Radiation Oncology Department, University Hospital of 

FreiburgFREIBURG, Germany)

Track K
Clinical Engineering and 

Hospital Technology
K-PP-05 04.10.2016 15:30

Oxygen consuming lung model Karolin Franke (Hamilton Medical AG, Switzerland)
Track K

Clinical Engineering and 

Hospital Technology
K-PP-06 04.10.2016 15:30

Development of a hybrid model to 

evaluate integrated care in heart 

failure treatment

Alexander Lassnig (Graz University of Technology, Austria); 

Theresa Rienmüller (Graz University of Technology, Austria); 

Christian Baumgartner (Graz University of Technology, Austria); 

Jörg Schröttner (Graz University of Technology, Austria)
Track K

Clinical Engineering and 

Hospital Technology
K-PP-08 04.10.2016 15:30
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Clinical Engineers improve patient 

safety in clinical trials

Corrado Gemma (IRCCS San Matteo Hospital Foundation, Italy); 

Ilaria  Vallone (IRCCS San Matteo Hospital Foundation, Italy); 

Paolo  Lago (IRCCS San Matteo Hospital Foundation, Italy) Track K
Clinical Engineering and 

Hospital Technology
K-PP-09 04.10.2016 15:30

A sytem for monitoring of hand 

hygiene in hospitals

Lars Bölecke (Technishe Universität Ilmenau, Germany); 

Johannes Freckmann (Technishe Universität Ilmenau, 

Germany); Lisa Hoffmann (Technishe Universität Ilmenau, 

Germany); Daniel Laqua (Technishe Universität Ilmenau, 

Germany); Peter Husar (Technishe Universität Ilmenau, 

Germany)

Track K
Clinical Engineering and 

Hospital Technology
K-PP-10 04.10.2016 15:30

Regional governance, planning and 

management of medical equipment 

through an integrated biomedical 

technologies information flow in Italy

Stefania Bellelli (IRES Piemonte, Italy)

Track K
Clinical Engineering and 

Hospital Technology
K-PP-11 04.10.2016 15:30

In-vivo Electrical Impedance 

Measurement in Mastoid Bone

Thomas Wyss Balmer (ISTB, Universität Bern, Switzerland)
Track L

Devices and Systems for 

Surgical lntervention I
L-OP-01 04.10.2016 09:00

Implant for bone expansion as new 

procedure for generation of 

vascularised grafts to bridge long 

bone defects

Matthias Militz (BG Trauma Center Murnau, Germany); Carolin 

Gabler (University Medicine Rostock, Germany); Josephine 

Mauck (University Medicine Rostock, Germany); Robert Bialas 

(Ch. Miethke und Co KG, Germany); Christoph Miethke (Ch. 

Miethke und Co KG, Germany); Volker Buehren (BG Trauma 

Center Murnau, Germany); Wolfram Mittelmeier (University 

Medicine Rostock, Germany); Rainer Bader (University Medicine 

Rostock, Germany); Markus Oehlbauer (BG Trauma Center 

Murnau, Germany)

Track L
Devices and Systems for 

Surgical lntervention I
L-OP-02 04.10.2016 09:00

Ultrasonic-based Transcutaneous 

Energy Supply and Signal 

Transmission for Hermetically 

Encapsulated Miniature Implants

Margit Biehl (Fraunhofer IBMT, Germany); Peter Weber 

(Fraunhofer IBMT, Germany); Matthias Molitor (Fraunhofer IBMT, 

Germany); Timo Koch (Fraunhofer IBMT, Germany); Andreas 

Schneider (Fraunhofer IBMT, Germany)
Track L

Devices and Systems for 

Surgical lntervention I
L-OP-04 04.10.2016 09:00
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Accuracy investigation of a new 

mininavigation system for dental 

implants

Stephan Böhringer (University of Basel, Switzerland); Philipp 

Jürgens (University of Basel, Switzerland); Erik Schkommodau 

(University of Applied Sciences and Arts Northwestern 

Switzerland, Switzerland); Frank Berlinghoff (MiniNaviDent AG, 

Switzerland); Simone Hemm-Ode (University of Applied 

Sciences and Arts Northwestern Switzerland, Switzerland)

Track L
Devices and Systems for 

Surgical lntervention I
L-OP-05 04.10.2016 09:00

Development and evaluation of a 

cooled RF-lesion electrode which 

yields increased lesion size and 

energy delivery

Helena Tronnier (inomed, Germany); Rudi Mattmüller (inomed, 

Germany); Thilo B. Krüger (inomed, Germany); Oliver 

Weihberger (inomed, Germany)
Track L

Devices and Systems for 

Surgical lntervention II
L-OP-07 04.10.2016 11:00

Design of a Haptic Human-Machine-

Interface for Bimanual Control of a 

Surgical Robot

Carsten Neupert (Technische Universität Darmstadt, Germany); 

Sebastian Matich (Technische Universität Darmstadt, Germany); 

Christian Hatzfeld (Technische Universität Darmstadt, Germany); 

Peter P. Pott (Technische Universität Darmstadt, Germany); 

Roland Werthschützky (Technische Universität Darmstadt, 

Germany)

Track L
Devices and Systems for 

Surgical lntervention II
L-OP-09 04.10.2016 11:00

Fibre optical probe navigation during 

deep brain stimulation implantation - 

safety aspects

Karin Wårdell (Linköping University, Sweden); Simone Hemm-

Ode (Linköping University, Sweden); Peter Zsigmond (Linköping 

University Hospital, Sweden)
Track L

Devices and Systems for 

Surgical lntervention II
L-OP-11 04.10.2016 11:00

Support System for TNM 

Classification of Laryngeal Cancer 

using Bayesian Networks

Mario A. Cypko (Universität Leipzig, Germany); Jan Gaebel 

(Universität Leipzig, Germany); Jan Wojdziak (Universität 

Leipzig, Germany); Matthaeus Stoehr (Universität Leipzig, 

Germany)

Track L
ICCAS Special Session on 

Computer-assisted 

procedures

L-OP-13 04.10.2016 14:00

Real-time prediction of temperature 

elevation during bone drilling using 

the torque and force signal

Arne Feldmann (University of Bern, Switzerland); Manuel 

Stebinger (University of Bern, Switzerland); Kate Gavaghan 

(University of Bern, Switzerland); Philippe Zysset (University of 

Bern, Switzerland)

Track L
Devices and Systems for 

Surgical lntervention
L-PP-01 04.10.2016 12:30

A single port robot with parallel 

manipulators, latest results

Sebastian Matich (Technische Universität Darmstadt, Germany); 

Carsten Neupert (Technische Universität Darmstadt, Germany); 

H. F. Schlaak (Technische Universität Darmstadt, Germany); P. 

P. Pott (Technische Universität Darmstadt, Germany)
Track L

Devices and Systems for 

Surgical lntervention
L-PP-03 04.10.2016 12:30
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Multiaxial Force Sensor for Tissue 

Characteristics Measurements

Markus Hessinger (Institut für Elektromechanische 

Konstruktionen / Technische Universität Darmstadt, Germany); 

Tobias Pilic (Innovative Surgical Training Technologies / 

Hochschule für Technik, Wirtschaft und Kultur Leipzig, 

Germany); Roland Werthschützky (Institut für 

Elektromechanische Konstruktionen / Technische Universität 

Darmstadt, Germany); Peter P. Pott (Institut für 

Elektromechanische Konstruktionen / Technische Universität 

Darmstadt, Germany)

Track L
Devices and Systems for 

Surgical lntervention
L-PP-04 04.10.2016 12:30

Marker for estimation of position and 

bearing of medical devices

Axel Boese (Otto-von-Guericke University Magdeburg, 

Germany); Dirk Foerstenberg (Otto-von-Guericke University 

Magdeburg, Germany); Michael Friebe (Otto-von-Guericke 

University Magdeburg, Germany)

Track L
Devices and Systems for 

Surgical lntervention
L-PP-05 04.10.2016 12:30

The benefits of latest minimally 

invasive surgical procedures in 

degenerative lumbar 

spondylolisthesis

Matjaz Vorsic (University Hospital Maribor, Slovenia); Gorazd 

Bunc (University Hospital Maribor, Slovenia)
Track L

Devices and Systems for 

Surgical lntervention
L-PP-07 04.10.2016 12:30

3D printing of model 

polycaprolactone implants using 

Fused Depositon Modeling

Wiebke Kempin (University of Greifswald, Institute of Pharmacy, 

Germany); Christian Franz (University of Greifswald, Institute of 

Pharmacy, Germany); Werner Weitschies (University of 

Greifswald, Institute of Pharmacy, Germany); Anne Seidlitz 

(University of Greifswald, Institute of Pharmacy, Germany)

Track M Drug Delivery Technology M-OP-01 05.10.2016 15:15

PCL/PLA fibers as a dual drug 

delivery system for anti-coagulant 

agents

Fedaa AL Halabi (Institute for Multiphase Processes | Leibniz 

Universität Hannover, Germany); Alexandros Repanas (Institute 

for Multiphase Processes | Leibniz Universität Hannover, 

Germany); Marc Müller (Institute for Multiphase Processes | 

Leibniz Universität Hannover, Germany); Michael Bode (Institute 

for Multiphase Processes | Leibniz Universität Hannover, 

Germany); Birgit Glasmacher (Institute for Multiphase Processes 

| Leibniz Universität Hannover, Germany)

Track M Drug Delivery Technology M-OP-02 05.10.2016 15:15

Development of Delivery Systems 

based on Nanoporous Silica 

Nanoparticles for Neuronal 

Applications

Nadeschda Schmidt (Leibniz Universität Hannover, Germany); 

Tanja  Heemeier (Leibniz Universität Hannover, Germany); 

Jennifer Schulze (Hannover Medical School, Germany); 

Athanasia Warnecke (Hannover Medical School, Germany); 

Peter Behrens (Leibniz Universität Hannover, Germany)

Track M Drug Delivery Technology M-OP-03 05.10.2016 15:15
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Dermaject - A New Medical Drug 

Delivery Safety Device Enabling 

Precise and Reproducible 

Intradermal Injections

Markus Clemenz (Hahn-Schickard, Germany); Michael Kegel 

(Hahn-Schickard, Germany); Simon Herrlich (Hahn-Schickard, 

Germany); Bernd Folkmer (Hahn-Schickard, Germany); Steffen 

Baumeister (Schwarzwald-Baar Klinikum, Akademisches 

Lehrkrankenhaus der Universität Freiburg, Germany); Jörg Kalla 

(Schwarzwald-Baar Klinikum, Akademisches Lehrkrankenhaus 

der Universität Freiburg, Germany); Martin Trächtler (Hahn-

Schickard, Germany); Roland Zengerle (Universität Freiburg, 

Institut für Mikrosystemtechnik - IMTEK, Germany)

Track M Drug Delivery Technology M-OP-04 05.10.2016 15:15

Development of smart controlled 

drug delivery system based on 

nanoporous titania dioxide coatings 

for dental implants

Philipp Abendroth (Gottfried Wilhelm Leibniz Universität 

Hannover, Germany); Carina Brickwedde (Medizinische 

Hochschule Hannover, Germany); Jörn Schäske (Medizinische 

Hochschule Hannover, Germany); Katharina Doll (Medizinische 

Hochschule Hannover, Germany); Andreas Winkel (Medizinische 

Hochschule Hannover, Germany); Meike Stiesch (Medizinische 

Hochschule Hannover, Germany); Peter Behrens (Gottfried 

Wilhelm Leibniz Universität Hannover, Germany)

Track M Drug Delivery Technology M-OP-06 05.10.2016 15:15

Metabolic comfortin oncology 

andfree amino acids: perspectives 

for the use of their regulatory actions 

in physiological concentrations

Nefyodov  Leonid (Yanka Kupala State University of Grodno, 

Belarus)

Track M Drug Delivery Technology M-PP-01 05.10.2016 12:30

Preliminary design of a disposable 

multiposition flow valve for an 

innovative multiple infusions system

Saif Abdul-Karim (Medical Sensors and Devices Laboratory, 

Germany); Marko Seiler (Medical Sensors and Devices 

Laboratory, Germany); Jörg Schroeter (Medical Sensors and 

Devices Laboratory, Germany); Stephan  Klein (Medical Sensors 

and Devices Laboratory, Germany); Bodo Nestler (Medical 

Sensors and Devices Laboratory, Germany)

Track M Drug Delivery Technology M-PP-02 05.10.2016 12:30
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The impact of electrospray driven 

aerosols on the in vitro transfection 

efficiency for targeted gene and drug 

delivery

David Hradetzky (University of Applied Sciences and Arts 

Northwestern Switzerland, Switzerland); Stephan Boehringer 

(University of Applied Sciences and Arts Northwestern 

Switzerland, Switzerland); Paulius Ruzgys (Vyautas Magnus 

University, Lithuania); Saulius Satkauskas (Vyautas Magnus 

University, Lithuania); Thomas Geiser (University Hospital Bern, 

Switzerland); Amiq Gazdhar (University Hospital Bern, 

Switzerland)

Track M Drug Delivery Technology M-PP-05 05.10.2016 12:30

On the way to a self-sufficient closed-

loop implant for early seizure 

detection

Simon Heller (Department of Microsystems Engineering - 

University of Freiburg, Germany); Michael Kroener (Department 

of Microsystems Engineering - University of Freiburg, Germany); 

Peter Woias (Department of Microsystems Engineering - 

University of Freiburg, Germany); Christian Donos (Medical 

Center - University of Freiburg, Germany); Matthias Dümpelmann 

(Medical Center - University of Freiburg, Germany); Andreas 

Schulze-Bonhage (Medical Center - University of Freiburg, 

Germany); Farrokh Manzouri (Medical Center - University of 

Freiburg, Germany); Daniel Lachner (Medical Center - University 

of Freiburg, Germany); Joschka Boedecker (Department of 

Computer Science - University of Freiburg, Germany); Manuel 

Blum (Department of Computer Science - University of Freiburg, 

Germany)

Track N
Functional Electrical 

Stimulation and 

Neuroprostheses

N-OP-04 04.10.2016 09:00

Clinical reliability of a subretinal 

implant

Martin Kokelmann (Retina Implant AG, Germany); Sandra Rudorf 

(Retina Implant AG, Germany); Walter G. Wrobel (Retina Implant 

AG, Germany)
Track N

Functional Electrical 

Stimulation and 

Neuroprostheses

N-OP-06 04.10.2016 09:00

Chronic High frequency stimulation 

of the dorsolateral striatum lowers 

the c-fos expression of cortical 

neurons 

Patrick Pflüger (Medical Center University of Freiburg, Germany); 

Richard Pinnell (Medical Center University of Freiburg, 

Germany); Nadja Martini (Medical Center University of Freiburg, 

Germany); Ulrich Hofmann (Medical Center University of 

Freiburg, Germany)

Track N
Functional Electrical 

Stimulation and 

Neuroprostheses

N-PP-01 04.10.2016 12:30
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Clinical setup for functional 

electrostimulation to promote nerve 

regrowth

Karin Somerlik-Fuchs (inomed Medizintechnik GmbH, Germany); 

Jean-Louis Divoux (Axonic / Groupe MXM, France); Michael  

Millrose (Berufsgenossenschaftliche Unfallklinik, Germany); 

Andreas Eisenschenk (University Medicine Greifswald, 

Germany); Arneborg Ernst (Unfallkrankenhaus Berlin, Germany); 

Rolf-Dieter Battmer (Unfallkrankenhaus Berlin, Germany); Rudi 

Mattmüller (inomed Medizintechnik GmbH, Germany); Thilo 

Krüger (inomed Medizintechnik GmbH, Germany)

Track N
Functional Electrical 

Stimulation and 

Neuroprostheses

N-PP-02 04.10.2016 12:30

Segmentation of nucleus in HEp-2 

specimen images using Fuzzy 

c-Means clustering approach

Suhail Pathan (IIT Madras, India); Swaminathan Ramakrishnan 

(IIT Madras, India) Track O Image Computing O-OP-05 04.10.2016 16:30

Segmentation and analysis of 

brainstem in Alzheimer MR images 

using region based level set method

S Rao Shashanka (Indian Institute of Technology Madras, India); 

Mitra Kaushik (Indian Institute of Technology Madras, India); 

Swaminathan Ramakrishnan (Indian Institute of Technology 

Madras, India)

Track O Image Computing O-OP-06 04.10.2016 16:30

Investigation of regional pulmonary 

perfusion using Electrical Impedance 

Tomography

Michael Kircher (Karlsruhe Institute of Technology, Germany); 

Olaf Doessel (Karlsruhe Institute of Technology, Germany)
Track O Imaging I O-OP-07 05.10.2016 11:00

Design of complex RF pulse shapes 

for asymmetric excitation patterns via 

optimal control

Christoph Stefan Aigner (Graz University of Technology, Austria); 

Christian Clason (University Duisburg-Essen, Germany); Armin 

Rund (University of Graz, Austria); Andreas Petrovic (Graz 

University of Technology, Austria); Rudolf Stollberger  (Graz 

University of Technology, Austria)

Track O Imaging I O-OP-08 05.10.2016 11:00

Computer assisted assessment of 

bone metastases in the craniofacial 

skeleton including evaluation of CT-

based versus CBCT-based 

application

Cornelia Kober (HAW Hamburg , Germany); Philipp Jürgens 

(HFZ Basel and University Hospital Basel, Switzerland); Hans-

Florian Zeilhofer (HFZ Basel and University Hospital Basel, 

Switzerland); Britt-Isabelle Berg (HFZ Basel and University 

Hospital Basel, Switzerland)

Track O Imaging I O-OP-10 05.10.2016 11:00
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Combined Magnetic Particle and 

Magnetic Resonance Imaging of the 

Liver

Jan Dieckhoff (University Medical Center Hamburg-Eppendorf, 

Germany); Michael G. Kaul (University Medical Center Hamburg-

Eppendorf, Germany); Tobias Mummert (University Medical 

Center Hamburg-Eppendorf, Germany); Caroline Jung 

(University Medical Center Hamburg-Eppendorf, Germany); 

Tobias Knopp (University Medical Center Hamburg-Eppendorf, 

Germany); Gerhard Adam (University Medical Center Hamburg-

Eppendorf, Germany); Harald Ittrich (University Medical Center 

Hamburg-Eppendorf, Germany)

Track O Imaging I O-OP-11 05.10.2016 11:00

Influence of Tracer Concentration on 

Image Reconstruction of a 

Commercial Preclinical MPI-Scanner

Gael Bringout (Physikalisch-Technische Bundesanstalt Berlin, 

Germany)
Track O Imaging I O-OP-12 05.10.2016 11:00

Possibilities of ultrasound 

measurements for in vitro 

differentiation of bone qualities D1-

D4

Susanne Reimann (University of Bonn, Germany); Fabian 

Becker (University of Bonn, Germany); Bilal Al-Nawas (University 

Medical Center Mainz, Germany); Christoph Bourauel (University 

of Bonn, Germany); Gerhard Wahl (University of Bonn, 

Germany)

Track O Imaging II O-OP-13 05.10.2016 15:15

Focusing ultrasound through 

anisotropic media

Jorge Oevermann (Fraunhofer IBMT, Germany); Wolfgang Bost 

(Fraunhofer IBMT, Germany); Marc Fournelle (Fraunhofer IBMT, 

Germany); Daniel Schmitt (Fraunhofer IBMT, Germany); Steffen 

Tretbar (Fraunhofer IBMT, Germany)
Track O Imaging II O-OP-14 05.10.2016 15:15

High-speed interleaved optoacoustic 

and plane wave compounded 

imaging

Steffen Weber (Fraunhofer IBMT, Germany); Wolfgang Bost 

(Fraunhofer IBMT, Germany); Holger Hewener (Fraunhofer 

IBMT, Germany); Marc Fournelle (Fraunhofer IBMT, Germany); 

Steffen Tretbar (Fraunhofer IBMT, Germany)
Track O Imaging II O-OP-15 05.10.2016 15:15

Shear wave elastography in 

ultrasound research

Lukas Brausch (Fraunhofer IBMT, Germany); Holger Hewener 

(Fraunhofer IBMT, Germany)
Track O Imaging II O-OP-16 05.10.2016 15:15



Abstracts BMT 2016

"Dreiländertagung" Swiss, Austrian and German Societies for Biomedical Engineering (4–6 October 2016, Basel/CH)

Title Authors (affiliation and country)
Session 

ID
Session

Abstract 

ID

Session date & 

start time
Analysis of corneal subbasal nerve 

fiber length in mosaic image series 

acquired by guided eye movements

Stephan Allgeier (Karlsruhe Institute of Technology  (KIT), 

Germany); Karsten Winter (University of Leipzig, Germany); 

Georg Bretthauer (Karlsruhe Institute of Technology  (KIT), 

Germany); Rudolf R. Guthoff (University of Rostock, Germany); 

Sabine Peschel (University of Rostock, Germany); Klaus-Martin 

Reichert (Karlsruhe Institute of Technology  (KIT), Germany); 

Oliver Stachs (University of Rostock, Germany); Bernd Köhler 

(Karlsruhe Institute of Technology  (KIT), Germany)

Track O Imaging II O-OP-18 05.10.2016 15:15

Mapping of Functional Integrity of 

Brain Cortex in Glioma Patients by 

Intraoperative Optical Imaging using 

Direct Cortical Stimulation

Martin Oelschlägel (Technische Universität Dresden, Germany); 

Tobias Meyer (Technische Universität Dresden, Germany); 

Stephan B. Sobottka (Universitätsklinikum Carl Gustav Carus, 

Germany); Matthias Kirsch (Universitätsklinikum Carl Gustav 

Carus, Germany); Gabriele Schackert (Universitätsklinikum Carl 

Gustav Carus, Germany); Ute Morgenstern (Technische 

Universität Dresden, Germany)

Track O Optical Imaging O-OP-20 06.10.2016 12:00

Local binary patterns for 

differentiation of brain tissue types in 

optical coherence tomography 

images 

Marcel Lenz (Ruhr-University Bochum, Germany); Robin Krug 

(University Hospital Knappschaftskrankenhaus Bochum-

Langendreer, Germany); Christopher  Dillmann (University of 

Applied Sciences Georg Agricola, Germany); Nils C. Gerhardt 

(Ruhr-University Bochum, Germany); Hubert Welp (University of 

Applied Sciences Georg Agricola, Germany); Kirsten Schmieder 

(University Hospital Knappschaftskrankenhaus Bochum-

Langendreer, Germany); Martin R. Hofmann (Ruhr-University 

Bochum, Germany)

Track O Optical Imaging O-OP-21 06.10.2016 12:00

Motion Artifact Removal in Optical 

Mapping of Cardiac Tissue

Jan Christoph (Max Planck Institute for Dynamics and 

Selforganization, Germany); Stefan Luther (Max Planck Institute 

for Dynamics and Selforganization, Germany)
Track O Optical Imaging O-OP-23 06.10.2016 12:00

Determination of needle axis in in-

plane acquired 3-D ultrasound image 

volumes using stick transform

Heinrich Martin Overhoff (Westfälische Hochschule, University of 

Applied Sciences, Germany); Sebastian Schmitt (Westfälische 

Hochschule, University of Applied Sciences, Germany); Anke 

Poelstra (Westfälische Hochschule, University of Applied 

Sciences, Germany)

Track O Image guided interventions O-OP-27 05.10.2016 08:30
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Development of Patient-Specific 

TAVR to Reduce Regurgitation

Markus Bongert (Fachhochschule Dortmund University of 

Applied Sciences and Arts, Germany); Markus Geller 

(Fachhochschule Dortmund University of Applied Sciences and 

Arts, Germany); Markus Schlömicher (Ruhr-University Bochum, 

Germany); Tim Ricken (Technical University Dortmund, 

Germany); Volkmar Nicolas (Ruhr-University Bochum, Germany); 

Justus Strauch (Ruhr-University Bochum, Germany)

Track O Image guided interventions O-OP-28 05.10.2016 08:30

Selective Visualization of Mammary 

Ducts of sub-millimeter diameter in 3-

D Ultrasound Image Volumes

Heinrich Martin Overhoff (Westfälische Hochschule, University of 

Applied Sciences, Germany)
Track O Image guided interventions O-OP-29 05.10.2016 08:30

Advanced Analysis of Tracers for 

Magnetic Particle Imaging: Magnetic 

and Geometric Characterization by 

Multidetector Field-Flow 

Fractionation

Norbert Löwa (Physikalisch-Technische Bundesanstalt, 

Germany); Frank Wiekhorst (Physikalisch-Technische 

Bundesanstalt, Germany) Track O
Magnetische Nanopartikel 

und 

Magnetoenzephalographie

O-OP-31 04.10.2016 16:30

Interactions of Protein Corona 

Coated Magnetic Nanoparticles and 

Human Cells

Andreas Weidner (TU Ilmenau, Germany); Christine Gräfe 

(Universitätsklinikum Jena, Germany); Hilke Remmer 

(Technische Universität Braunschweig, Germany); Moritz von der 

Lühe (Friedrich Schiller Universität Jena, Germany); Joachim H. 

Clement (Universitätsklinikum Jena, Germany); Frank Ludwig 

(Technische Universität Braunschweig, Germany); Felix H. 

Schacher (Friedrich Schiller Universität Jena, Germany); Silvio 

Dutz (TU Ilmenau, Germany)

Track O
Magnetische Nanopartikel 

und 

Magnetoenzephalographie

O-OP-32 04.10.2016 16:30

Setup of a sleep recording system 

compatible with 

magnetoencephalography

Tilmann Sander-Thömmes (PTB, Germany); Martin Glos 

(Charite, Germany); Christian  Veauthier (Charite, Germany)
Track O

Magnetische Nanopartikel 

und 

Magnetoenzephalographie

O-OP-34 04.10.2016 16:30

Magnetorelaxometry tomography for 

quantitative imaging of the mobility of 

magnetic nanoparticles 

Maik Liebl (Physikalisch-Technische Bundesanstalt, Germany); 

Uwe Steinhoff (Physikalisch-Technische Bundesanstalt, 

Germany); Daniel Baumgarten (Technische Universität Ilmenau, 

Germany); Frank Wiekhorst (Physikalisch-Technische 

Bundesanstalt, Germany)

Track O
Magnetische Nanopartikel 

und 

Magnetoenzephalographie

O-OP-36 04.10.2016 16:30
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High Frequency Ultrasonic 

Transducers Using Soft Mold 

Process

Sylvia Gebhardt (Fraunhofer Institute for Ceramic Technologies 

and Systems, Germany); Paul Günther (Fraunhofer Institute for 

Ceramic Technologies and Systems, Germany); Susan Walter 

(Fraunhofer Institute for Ceramic Technologies and Systems, 

Germany); Thomas Herzog (Fraunhofer Institute for Ceramic 

Technologies and Systems, Germany); Henning Heuer 

(Fraunhofer Institute for Ceramic Technologies and Systems, 

Germany); Holger Neubert (Fraunhofer Institute for Ceramic 

Technologies and Systems, Germany)

Track O Ultraschall O-OP-38 05.10.2016 17:00

3D Ultrasound Tomography for 

Breast Cancer Diagnosis

Nicole V. Ruiter (Karlsruhe Institute of Technology, Germany); 

Torsten Hopp (Karlsruhe Institute of Technology, Germany); 

Michael Zapf (Karlsruhe Institute of Technology, Germany); 

Hartmut Gemmeke (Karlsruhe Institute of Technology, Germany)
Track O Ultraschall O-OP-39 05.10.2016 17:00

Detection and tracking of 

microbubbles for vascular imaging in 

oncology

Georg Schmitz (Ruhr-Universität Bochum, Germany); Stefanie 

Dencks (Ruhr-Universität Bochum, Germany); Dimitri Ackermann 

(Ruhr-Universität Bochum, Germany)
Track O Ultraschall O-OP-40 05.10.2016 17:00

Self-adapting autofocus function for 

intravital microscopy using a tunable 

liquid lens

Christian Schnabel (TU Dresden, Germany); Christopher  

Schmidt (TU Dresden, Germany); Edmund Koch (TU Dresden, 

Germany)
Track O

Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-01 05.10.2016 12:30

Tissue stiffness of trabecular bone 

does not change in patients with 

atraumatic vertebral fractures

Johannes Schneider (Charité Universitätsmedizin Berlin, 

Germany); Matthias  Pumberger (Charité Universitätsmedizin 

Berlin, Germany); Vantte Kilappa (Charité Universitätsmedizin 

Berlin, Germany); Michael Putzier (Charité Universitätsmedizin 

Berlin, Germany); Kay Raum (Charité Universitätsmedizin Berlin, 

Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-04 05.10.2016 12:30

Transfer characteristics of iterative 

reconstruction techniques

David Heinemann (Technische Universität Ilmenau, Germany); 

Andreas  Keller (Technische Universität Ilmenau, Germany); 

Dunja Jannek (Technische Universität Ilmenau, Germany) Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-08 05.10.2016 12:30
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High-throughput 3D volume 

measurement of polymer rods 

Design and implementation of a 

solution for a high-precision volume 

measurement of polymer rods with 

optical measuring technique and 

subsequent imaging processing

Kerstin Boochs (IMSTec, Germany); Tim Klippel (IMSTec, 

Germany); Dietrich Paulus (University, Germany); Heiko Theuer 

(IMSTec, Germany); Torsten Vest (IMSTec, Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-09 05.10.2016 12:30

Virtual Template Registration - 

a general approach to control motion 

in DCE-MRI

Isabella Radl (Graz University of Technology, Austria); Stephen 

Keeling (Karl Franzens University of Graz, Austria); Ursula Reiter 

(Medical University of Graz, Austria); Rudolf Stollberger (Graz 

University of Technology, Austria)
Track O

Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-10 05.10.2016 12:30

Influence of denoising techniques on 

the absolute CBF quantification of 

ASL perfusion data

Stefan Manfred Spann (Institute of Medical Engineering, Austria); 

Kamil S. Kazimierski (University of Graz, Austria); Christoph 

Stefan Aigner (Institute of Medical Engineering, Austria); Markus 

Kraiger (Institute of Medical Engineering, Austria); Rudolf 

Stollberger (Institute of Medical Engineering, Austria)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-11 05.10.2016 12:30

Blood flow velocity measurements by 

Magnetic Particle Imaging

Michael G. Kaul (University Medical Center Hamburg-Eppendorf, 

Germany); Tobias Mummert (University Medical Center Hamburg-

Eppendorf, Germany); Johannes Salamon (University Medical 

Center Hamburg-Eppendorf, Germany); Harald Ittrich (University 

Medical Center Hamburg-Eppendorf, Germany); Gerhard Adam 

(University Medical Center Hamburg-Eppendorf, Germany); 

Tobias Knopp (University Medical Center Hamburg-Eppendorf, 

Germany); Caroline Jung (University Medical Center Hamburg-

Eppendorf, Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-12 05.10.2016 12:30

Development and Evaluation of a 

Web Based Platform to Assist the 

Segmentation of Medical Images 

Using Crowdsourcing

Daniel Xander (FHNW, Switzerland)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-14 05.10.2016 12:30
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Influence of Storage Technologies to 

the Overall Performance of 

Massively Parallel Cluster Computing 

Workflows in Intraoperative Thermal 

Imaging

Nico Hoffmann (TU Dresden, Germany); René Jäkel (TU 

Dresden, Germany); Matthias Kirsch (Universitätsklinikum Carl 

Gustav Carus, Germany); Wolfgang E. Nagel (TU Dresden, 

Germany) Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-16 05.10.2016 12:30

Intraoperative Hyperspectral Imaging 

extending Optical Imaging of 

stimulated active brain areas in 

neurosurgery - 

a feasibility study

Richard Mühle (Universitätsklinikum Carl Gustav Carus, 

Germany); Martin Oelschlägel (Technische Universität Dresden, 

Germany); Tobias Meyer (Technische Universität Dresden, 

Germany); Stephan B. Sobottka (Universitätsklinikum Carl 

Gustav Carus, Germany); Matthias Kirsch (Universitätsklinikum 

Carl Gustav Carus, Germany); Gabriele Schackert 

(Universitätsklinikum Carl Gustav Carus, Germany); Ute 

Morgenstern (Technische Universität Dresden, Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-18 05.10.2016 12:30

Evaluation of florescent cell image 

segmentation algorithms for 

overlapping cell on simulated 

fluorescent data sets with known 

ground truth

Veit Wiesmann (Fraunhofer Institut für Integrierte Schaltungen 

IIS, Germany); Matthias Bergler (Fraunhofer Institut für 

Integrierte Schaltungen IIS, Germany); Ralf Palmisano (Friedrich-

Alexander Univeristät Erlangen-Nuremberg, Germany); Thomas 

Wittenberg (Fraunhofer Institut für Integrierte Schaltungen IIS, 

Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-19 05.10.2016 12:30

Magnetic targeting of ferrofluids 

under liquid stream conditions for 

tumor therapy: simulation and 

experimental investigations

Ioana Slabu (Applied Medical Engineering , Germany); Anjali 

Roeth (University Hospital Aachen, Germany); Gernot 

Güntherodt (II. Physics Institute, Germany); Martin Baumann 

(Applied Medical Engineering , Germany); Thomas Schmitz-

Rode (Applied Medical Engineering , Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-20 05.10.2016 12:30

Peptide-Modified Micelles and 

Liposomes: Carriers for Xenon Hyper-

CEST MRI of Blood Brain Barrier 

Endothelial Cells

Margitta Dathe (Leibniz Institute of Molecular Pharmacology, 

Germany); Karl Sydow (Leibniz Institute of Molecular 

Pharmacology, Germany); Matthias  Schnurr (Leibniz Institute of 

Molecular Pharmacology, Germany); Leif Schroeder (Leibniz 

Institute of Molecular Pharmacology, Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-26 05.10.2016 12:30
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Atomic magnetometers for magnetic 

susceptometery and magnetic 

particle imaging

Victor Lebedev (University of Fribourg, Switzerland); Simone 

Colombo (University of Fribourg, Switzerland); Vladimir 

Dolgovskiy (University of Fribourg, Switzerland); Zoran Grujic 

(University of Fribourg, Switzerland); Junhai Zhang (University of 

Fribourg, Switzerland); Antoine Weis (University of Fribourg, 

Switzerland)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-28 05.10.2016 12:30

Magnetic Characterization of 

Phantom Materials by Magnetic 

Particle Spectroscopy

Patricia Radon (Physikalisch-Technische Bundesanstalt, 

Germany); Norbert Löwa (Physikalisch-Technische 

Bundesanstalt, Germany); Felix  Ptach (Physikalisch-Technische 

Bundesanstalt, Germany); Dirk Gutkelch (Physikalisch-

Technische Bundesanstalt, Germany); Frank Wiekhorst 

(Physikalisch-Technische Bundesanstalt, Germany)

Track O
Imaging, Image Processing 

and Image Guided 

Interventions

O-PP-29 05.10.2016 12:30

Magnetic Nanoparticle-Gel Materials 

for Development of Long-Term 

Stable Magnetic Particle Imaging 

Phantoms

Anne Mattern (TU Ilmenau, Germany); Alexander Joos 

(Physikalisch-Technische Bundesanstalt Berlin, Germany); 

Daniel Baumgarten (TU Ilmenau, Germany); Olaf Kosch 

(Physikalisch-Technische Bundesanstalt Berlin, Germany); 

Andreas Weidner (TU Ilmenau, Germany); Frank Wiekhorst 

(Physikalisch-Technische Bundesanstalt Berlin, Germany); Silvio 

Dutz (TU Ilmenau, Germany)

Track O
Magnetische Nanopartikel 

und 

Magnetoenzephalographie

O-PP-30 05.10.2016 12:30

Fast Assessment of Magnetic 

Nanoparticle Tracers applying a 

Preclinical MPI scanner

Olaf Kosch (Physikalisch-Technische Bundesanstalt, Germany); 

Gael Bringout (Physikalisch-Technische Bundesanstalt, 

Germany); Norbert Löwa (Physikalisch-Technische 

Bundesanstalt, Germany); Alexander Joos (Physikalisch-

Technische Bundesanstalt, Germany); Harald Kratz (Charité – 

Universitätsmedizin Berlin, Germany); Jörg Schnorr (Charité – 

Universitätsmedizin Berlin, Germany); Lutz Trahms (Physikalisch-

Technische Bundesanstalt, Germany); Frank Wiekhorst 

(Physikalisch-Technische Bundesanstalt, Germany)

Track O
Magnetische Nanopartikel 

und 

Magnetoenzephalographie

O-PP-31 05.10.2016 12:30



Abstracts BMT 2016

"Dreiländertagung" Swiss, Austrian and German Societies for Biomedical Engineering (4–6 October 2016, Basel/CH)

Title Authors (affiliation and country)
Session 

ID
Session

Abstract 

ID

Session date & 

start time
Intracochlear Stimulation of the 

Basilar Membrane

Wouter J. van Drunen (Hannover Medical School, Germany); 

Viktor Hofmann (Leibniz Universität Hannover, Germany); Jens 

Twiefel  (Leibniz Universität Hannover, Germany); Anatoly 

Glukhovskoy  (Leibniz Universität Hannover, Germany); 

Sebastian Beringer  (Leibniz Universität Hannover, Germany); 

Marc C. Wurz  (Leibniz Universität Hannover, Germany); 

Thomas S. Rau (Hannover Medical School, Germany); Jörg 

Wallaschek  (Leibniz Universität Hannover, Germany); Lutz 

Rissing (Leibniz Universität Hannover, Germany); Thomas 

Lenarz (Hannover Medical School, Germany); Omid Majdani 

(Hannover Medical School, Germany)

Track P
Medical Implants / Implant 

Development I
P-OP-01 06.10.2016 09:00

Acoustical Test of a Direct Acoustical 

Cochlear Stimulator

Christof Stieger (Inselspital/University Bern , Switzerland); 

Andreas Arnold (Inselspital/University Bern , Switzerland); 

Claudia Candreia (Inselspital/University Bern , Switzerland); 

Yasser Alnufaily (Inselspital/University Bern , Switzerland); Marco  

Caversaccio (Inselspital/University Bern , Switzerland); Jérémie 

Guignard (Inselspital/University Bern , Switzerland)

Track P
Medical Implants / Implant 

Development I
P-OP-02 06.10.2016 09:00

Soft & Stretchable Electronics for 

Interfacing Muscle & Nervous Tissue

Flurin Stauffer (ETH Zürich, Switzerland); Klas Tybrandt (ETH 

Zürich, Switzerland); Marc Schneider (University of Zürich, 

Switzerland); Vincent Martinez (ETH Zürich, Switzerland); Martin 

Schwab (University of Zürich, Switzerland); Thomas Kessler 

(Balgrist University Hospital, Switzerland); Janos Vörös (ETH 

Zürich, Switzerland)

Track P
Medical Implants / Implant 

Development I
P-OP-04 06.10.2016 09:00

New design and adapted materials 

for degradable implants

Janne Haack (Fraunhofer Institute for Manufacturing Technology 

and Advanced Materials, Germany) Track P
Medical Implants / Implant 

Development II
P-OP-07 06.10.2016 12:00

Topology optimized osteosynthesis 

plates - A new approach for patient-

specific treatments in mandibular 

reconstructions

Peter Foehr (Technische Universität München, Germany); 

Constantin von Deimling (Technische Universität München, 

Germany); Michael Seebach (Technische Universität München, 

Germany); Thomas Baum (Technische Universität München, 

Germany); Jochen Weitz (Technische Universität München, 

Germany); Marco Kesting (Technische Universität München, 

Germany); Rainer Burgkart (Technische Universität München, 

Germany)

Track P
Medical Implants / Implant 

Development II
P-OP-09 06.10.2016 12:00
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The effect of different manufacturing 

process parameters on the bond 

strength between Y-TZP and a 

veneering ceramic

Sarah Busemann (Institut für Fertigungstechnik und 

Werkzeugmaschinen, Germany)

Track P
Medical Implants / Implant 

Development II
P-OP-10 06.10.2016 12:00

Adjustable bone fixation of an 

artificial hip stem by using an 

intergrated sensor actuator system

Christian Rotsch (Fraunhofer Institute for Machine Tools and 

Forming Technology IWU, Germany); Gille  Katarina (Fraunhofer 

Institute for Machine Tools and Forming Technology IWU, 

Germany); Sandra Hunger (Fraunhofer Institute for Machine 

Tools and Forming Technology IWU, Germany); Andreas Heinig 

(Fraunhofer Institute for Photonic Microsystems IPMS, 

Germany); Hagen Grätz (Fraunhofer Institute for Photonic 

Microsystems IPMS, Germany); Christian Schulze (University of 

Rostock, Germany); Rainer Bader (University of Rostock, 

Germany); Martin Ettrichrätz (Fraunhofer Institute for Machine 

Tools and Forming Technology IWU, Germany); Thomas Töppel 

(Fraunhofer Institute for Machine Tools and Forming Technology 

IWU, Germany); Welf-Guntram Drossel (Fraunhofer Institute for 

Machine Tools and Forming Technology IWU, Germany)

Track P
Medical Implants / Implant 

Development II
P-OP-11 06.10.2016 12:00

Digital Dentistry Meets Implant 

Dentistry

Florian Beuer (Charité University of Medicine, Germany)

Track P
Novel aspects in dental 

implant therapy: surfaces, 

biomechanics and work flow   

P-OP-13 04.10.2016 11:00

Latest developmentts in dental 

implant system designing and effects 

on implant restoration concepts

Axel Kirsch (LOGON OMF Bioactive Systems GmbH, Germany)

Track P
Novel aspects in dental 

implant therapy: surfaces, 

biomechanics and work flow   

P-OP-14 04.10.2016 11:00

Investigations on the integrity of 

epoxy - silicone rubber interfaces

Simone Lauser (University of Freiburg, Germany); Paul 

Cvancara (University of Freiburg, Germany); Thomas Stieglitz 

(University of Freiburg, Germany)
Track P Implants P-PP-01 06.10.2016 10:30

Towards reliable and resealable 

multichannel electrical connections 

in implants:Enhancing conduction 

and isolation properties in planar 

contact pad arrays

Julia Koch (University of Freiburg, Germany); Matthias Mueller 

(University of Freiburg, Germany); Martin Schuettler (CorTec 

GmbH, Germany); Thomas Stieglitz (University of Freiburg, 

Germany) Track P Implants P-PP-02 06.10.2016 10:30
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Correlation of thermo-mechanical 

loads while grinding and residual 

strength behavior of mixed oxide 

ceramics for medical applications

Andi Wippermann (Leibniz Universität Hannover, Institut für 

Fertigungstechnik und Werkzeugmaschinen, Germany)

Track P Implants P-PP-03 06.10.2016 10:30

Proof of concepts study of non-

destructive component validation in 

neural implant manufacturing

Paul Cvancara (University of Freiburg, Germany); Kerstin 

Thiemann (University of Freiburg, Germany); Fabian Böser 

(University of Freiburg, Germany); Thomas Stieglitz (University of 

Freiburg, Germany)

Track P Implants P-PP-04 06.10.2016 10:30

Observation of failure mechanisms in 

laser fabricated parylene C based 

electrode arrays

Matthias Mueller (University of Freiburg, Germany); Tim Hoesel 

(CorTec GmbH, Germany); Juan Ordonez (Medtronic Eindhoven 

Design Center, Netherlands); Thomas Stieglitz (University of 

Freiburg, Germany)

Track P Implants P-PP-05 06.10.2016 10:30

Powering body area networks with 

stochastic and discontinuous power 

chunks

Saskia Habermann (Technische Universität Ilmenau, Germany); 

Therese Winkler (Technische Universität Ilmenau, Germany); 

Konstantin Rönsch (Technische Universität Ilmenau, Germany); 

Christina Junger (Technische Universität Ilmenau, Germany); 

Daniel Laqua (Technische Universität Ilmenau, Germany); Peter 

Husar (Technische Universität Ilmenau, Germany)

Track P Implants P-PP-06 06.10.2016 10:30

Development of pHEMA based 

diffusion barriers for in-vitro analysis 

of drug eluting bone implants

Jan Krieger (Fachhochschule Lübeck, Germany); Nicole Runge 

(Fachhochschule Lübeck, Germany); Azin Baset 

(Fachhochschule Lübeck, Germany); Stephan Klein 

(Fachhochschule Lübeck, Germany)

Track P Implants P-PP-07 06.10.2016 10:30
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Enhanced application procedure of 

an injectable drug delivery system for 

glaucoma treatment

Stefan Siewert (Institute for ImplantTechnology and Biomaterials 

e.V., Germany); Franziska Kopp (Rostock University Medical 

Center, Germany); Michael Stiehm (Institute for 

ImplantTechnology and Biomaterials e.V., Germany); Sylvia 

Pfensig (Institute for ImplantTechnology and Biomaterials e.V., 

Germany); Paul Reister (Rostock University Medical Center, 

Germany); Jana Lafrentz (Rostock University Medical Center, 

Germany); Friederike Hauschulz (Rostock University Medical 

Center, Germany); Thomas Stahnke (Rostock University Medical 

Center, Germany); Karen Falke (Rostock University Medical 

Center, Germany); Niels Grabow (Rostock University Medical 

Center, Germany); Rudolf Guthoff (Rostock University Medical 

Center, Germany); Klaus-Peter Schmitz (Institute for 

ImplantTechnology and Biomaterials e.V., Germany); Thomas 

Eickner (Rostock University Medical Center, Germany)

Track P Implants P-PP-08 06.10.2016 10:30

Rapid Tooling of Vascular Models for 

Hydrodynamic Assessment of 

Transcatheter Heart Valves

Sebastian Kaule (University Medical Center Rostock, Germany); 

Christoph Brandt-Wunderlich (University Medical Center 

Rostock, Germany); Leonie Kandler (University Medical Center 

Rostock, Germany); Wolfram Schmidt (University Medical Center 

Rostock, Germany); Niels Grabow (University Medical Center 

Rostock, Germany); Klaus-Peter Schmitz (University Medical 

Center Rostock, Germany)

Track P Implants P-PP-09 06.10.2016 10:30

Micro-folding Polyimide Structures 

for Neural Implants

Max Eickenscheidt (University Freiburg, Germany); Thomas 

Stieglitz (University Freiburg, Germany)
Track P Implants P-PP-10 06.10.2016 10:30

Deposition of bioactive and bioinert 

ceramic coatings on magnesium 

using detonation

Gryshkov Oleksandr (Leibniz Universität Hannover, Germany); 

Klyui Nickolai (National Academy of Sciences of Ukraine, 

Ukraine); Temchenko Volodymyr (National Academy of Sciences 

of Ukraine, Ukraine); Glasmacher Birgit (Leibniz Universität 

Hannover, Germany)

Track P Implants P-PP-13 06.10.2016 10:30

A highly miniaturized two-axis 

acceleration sensor for implantable 

hemodynamic controlling system

Dirk Wuensch (Fraunhofer ENAS, Germany); Mario Baum 

(Fraunhofer ENAS, Germany); Roman Forke (Fraunhofer ENAS, 

Germany); Karla Hiller (Fraunhofer ENAS, Germany) Track P Implants P-PP-15 06.10.2016 10:30
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Towards a Recommending System 

to establish Supply and Care Chains 

in the Field of Medical and Social 

Work

Marius R. Khan (University of Applied Sciences Dortmund, 

Germany); Sabine Sachweh (University of Applied Sciences 

Dortmund, Germany) Track Q
Interoperabilität für eine 

einrichtungsübergreifende 

Patientenversorgung

Q-OP-01 05.10.2016 11:00

OpenEHR platform concept for 

semantic interoperability in project 

HaMSTR

Erik Tute (Technischen Universität Braunschweig und der 

Medizinischen Hochschule Hannover, Germany) Track Q
Interoperabilität für eine 

einrichtungsübergreifende 

Patientenversorgung

Q-OP-03 05.10.2016 11:00

Virtual Reality Visualization for 

Neurosurgery

Florian Coigny (University of Applied Sciences Northwestern 

Switzerland, Switzerland); Nicolas Ganz (University of Applied 

Sciences Northwestern Switzerland, Switzerland); Ashesh  Shah 

(University of Applied Sciences Northwestern Switzerland, 

Switzerland); Simone Hemm (University of Applied Sciences 

Northwestern Switzerland, Switzerland); Erik Schkommodau 

(University of Applied Sciences Northwestern Switzerland, 

Switzerland)

Track Q
Medical Information 

Mangagement
Q-PP-01 05.10.2016 12:30

How to deal with Regulatory 

Requirements - Standards and other 

Friends

Thorsten Prinz (VDE e.V., Germany)

Track R
Medical Device 

Management
R-PP-01 04.10.2016 15:30

A Case Study on Performance 

Reliability of Infusion Pump Devices

Ali Tavakoli Golpaygani (Standard Research Institute, Iran, 

Islamic Republic Of); Marzieh Reza (Iranian Research 

Organization for Science and Technology , Iran, Islamic Republic 

Of); Mohammad Mehdi Movahedi (Shiraz University of Medical 

Sciences, Iran, Islamic Republic Of)

Track R
Medical Device 

Management
R-PP-03 04.10.2016 15:30

Building medical device ontologies 

for cross device group risk profiles

Robin Seidel (Federal Institute for Drugs and Medical Devices, 

Germany); Ekkehard Stößlein (Federal Institute for Drugs and 

Medical Devices, Germany); Wolfgang Lauer (Federal Institute 

for Drugs and Medical Devices, Germany)
Track R

Medical Device 

Management
R-PP-04 04.10.2016 15:30

High throughput model building 

workflow for generating personalized 

models of whole heart anatomy and 

electromechanical function

Anton J. Prassl (Medical University of Graz, Austria); Andrew 

Crozier (Medical University of Graz, Austria); Martin Holler 

(University of Graz, Austria); Steven A. Niederer (King's College 

London, United Kingdom); Gernot Plank (Medical University of 

Graz, Austria)

Track R
Medical Device 

Management
R-PP-07 04.10.2016 15:30
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Composition of inventor teams and 

technological progress - Academia, 

industry and factors influencing 

efficiency in innovation processes

Friedrich Dornbusch (Fraunhofer-Zentrum für Internationales 

Management und Wissensökonomie, Germany)

Track S
Innovationmanagement in 

Medical Engineering & 

Scientific Writing

S-OP-01 05.10.2016 15:15

Key success elements for speeding 

up innovation in medical device 

industry

Christoph Appert (Institut Straumann AG, Switzerland)

Track S
Innovationmanagement in 

Medical Engineering & 

Scientific Writing

S-OP-03 05.10.2016 15:15

Modeling and experimental validation 

of hypothermal-induced mechanisms 

in cardiac tissue

Christian Baumgartner (Institute of Health Care Engineering with 

European Notified Body of Medical Devices, Austria); Roland 

Kienast (Institute of Health Care Engineering with European 

Notified Body of Medical Devices, Austria); Michael  Handler 

(Institute of Health Care Engineering with European Notified 

Body of Medical Devices, Austria); Friedrich Hanser (Institute of 

Health Care Engineering with European Notified Body of Medical 

Devices, Austria); Jörg Schröttner (Institute of Health Care 

Engineering with European Notified Body of Medical Devices, 

Austria); Theresa Rienmüller (Institute of Health Care 

Engineering with European Notified Body of Medical Devices, 

Austria)

Track T
Modelling and Simulation - 

Cardio Technology I
T-OP-01 05.10.2016 17:00

Virtual electrode polarization under 

myocardial acute ischemia: 

dependence on ischemic area and 

border zone sizes of the exciting 

electric field

Edda Boccia (Max Planck Institute for Dynamics and Self-

Organization, Germany); Ulrich Parlitz (Max Planck Institute for 

Dynamics and Self-Organization, Germany); Stefan Luther (Max 

Planck Institute for Dynamics and Self-Organization, Germany)
Track T

Modelling and Simulation - 

Cardio Technology I
T-OP-02 05.10.2016 17:00

Comparison of Two Spatio-Temporal 

Approaches for Solving the Inverse 

Problem of ECG

Danila Potyagaylo (Karlsruhe Institute of Technology  (KIT), 

Germany); Olaf Dössel (Karlsruhe Institute of Technology  (KIT), 

Germany) Track T
Modelling and Simulation - 

Cardio Technology I
T-OP-06 05.10.2016 17:00

Deformation and Contraction Energy 

in a Simulated Human Heart

Lukas Baron (Karlsruhe Institute of Technology, Germany); Olaf 

Doessel (Karlsruhe Institute of Technology, Germany) Track T
Modelling and Simulation - 

Cardio Technology II
T-OP-07 06.10.2016 09:00
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Virtual angiography of complex 

vascular networks to assist 

arteriovenous malformation therapy

Sabrina Frey (University of Bern, Switzerland); Marius Schwalbe 

(University of Bern, Switzerland); Stefan Weber (University of 

Bern, Switzerland); Hendrik von Tengg-Kobligk (University 

Hospital Bern, Switzerland); Dominik Obrist (University of Bern, 

Switzerland); Iris Baumgartner (University Hospital Bern, 

Switzerland)

Track T
Modelling and Simulation - 

Cardio Technology II
T-OP-08 06.10.2016 09:00

System Identification of a Left 

Ventricular Assist Device for 

Sensorless Estimation of the Pump 

Flowrate.

Martin Maw (Medical University of Vienna, Austria); Heinrich 

Schima (Medical University of Vienna, Austria); Francesco 

Moscato (Medical University of Vienna, Austria) Track T
Modelling and Simulation - 

Cardio Technology II
T-OP-09 06.10.2016 09:00

Differences in tension development 

due to electrophysiological apico-

basal heterogeneity gradients in a 

computational rabbit ventricle model

Robin Moss (University Heart Centre Freiburg - Bad Krozingen, 

Germany); Lukas Baron (Karlsruhe Institute of Technology, 

Germany); Gunnar Seemann (University Heart Centre Freiburg - 

Bad Krozingen, Germany) Track T
Modelling and Simulation - 

Cardio Technology II
T-OP-11 06.10.2016 09:00

Computational model of a fractal 

lung to simulate and visualize gas 

transport for diagnostic purposes and 

patient education

Carl-Friedrich Benner (ARTORG Center, University of Bern, 

Switzerland); Sylvia Nyilas (Division of Respiratory Medicine, 

Department of Paediatrics, University Children's Hospital of Bern, 

Switzerland); Pinelopi Anagnostopoulou (Division of Respiratory 

Medicine, Department of Paediatrics, University Children's 

Hospital of Bern, Switzerland); David Hasler (ARTORG Center, 

University of Bern, Switzerland); Philipp Latzin (Division of 

Respiratory Medicine, Department of Paediatrics, University 

Children's Hospital of Bern, Switzerland); Dominik Obrist 

(ARTORG Center, University of Bern, Switzerland)

Track T
Modelling and Simulation - 

Pulmonary Technology
T-OP-12 04.10.2016 09:00

Cascaded Control Environment for a 

CPAP-Device

Mathias Scheel (Hochschule Wismar, Germany); Olaf Simanski 

(Hochschule Wismar, Germany); Andreas Berndt (Hoffrichter 

GmbH, Germany)
Track T

Modelling and Simulation - 

Pulmonary Technology
T-OP-15 04.10.2016 09:00
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Dynamic Model of an Upper Limb 

Exoskeleton with User Interaction

Markus Hessinger (Institut für Elektromechanische 

Konstruktionen / Technische Universität Darmstadt, Germany); 

Niko Faul (Institut für Elektromechanische Konstruktionen / 

Technische Universität Darmstadt, Germany); Peter P. Pott 

(Institut für Elektromechanische Konstruktionen / Technische 

Universität Darmstadt, Germany); Roland Werthschützky (Institut 

für Elektromechanische Konstruktionen / Technische Universität 

Darmstadt, Germany)

Track T Modelling and Simulation I T-OP-18 04.10.2016 09:00

Interdisciplinary modeling of 

nanotherapy targeting the tumor 

microenvironment

Hermann Frieboes (University of Louisville, United States)

Track T Modelling and Simulation II T-OP-24 04.10.2016 11:00

Investigating the constitutive activity 

of Ghrelin Receptor by Molecular 

Modelling

Andrea Danani (IDSIA , Switzerland); Marco Deriu (IDSIA , 

Switzerland); Gianvito Grasso (IDSIA , Switzerland); Ginevra 

Licandro (IDSIA , Switzerland)
Track T Modelling and Simulation II T-OP-26 04.10.2016 11:00

Small myocyte enclaves may 

facilitate conduction of excitation 

through scar tissue: A one-

dimensional simulation study

Eike Moritz Wülfers (University Heart Center Freiburg - Bad 

Krozingen, Germany); Peter Kohl (University Heart Center 

Freiburg - Bad Krozingen, Germany); Gunnar Seemann 

(University Heart Center Freiburg - Bad Krozingen, Germany)
Track T Modelling and Simulation II T-OP-27 04.10.2016 11:00

Mathematical Modeling of 

Nanoparticle Transport and Cellular 

Uptake based on In Vitro 

Sedimentation Experiments

Marie Weiel (Karlsruhe Institute of Technology, Germany); 

Danila Potyagaylo (Karlsruhe Institute of Technology, Germany); 

Olaf Dössel (Karlsruhe Institute of Technology, Germany); 

Gunnar Seemann (Karlsruhe Institute of Technology, Germany)
Track T Modelling and Simulation T-PP-01 04.10.2016 12:30

P-Wave Terminal Force Is Affected 

by the Site of Earliest Right Atrial 

Activation and its Proximity to Inter-

Atrial Connections Independent from 

Atrial Size

Axel Loewe (Karlsruhe Institute of Technology  (KIT), Germany); 

Martin W. Krueger (Karlsruhe Institute of Technology  (KIT), 

Germany); Fredrik Holmqvist (Lund University, Sweden); Olaf 

Dössel (Karlsruhe Institute of Technology  (KIT), Germany); 

Gunnar Seemann (Karlsruhe Institute of Technology  (KIT), 

Germany); Pyotr G. Platonov (Lund University, Sweden)

Track T Modelling and Simulation T-PP-02 04.10.2016 12:30
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Estimation of Dosimetric Parameters 

Based on the KNR and KNCSF 

Correction Factors for Small Field’s 

Radiation Therapy at 6 and 

18MVlinac Energies using Monte 

Carlo Simulation Methods

seyed ali rahimi (Mazandaran University of Medical Sciences, 

Iran, Islamic Republic Of)

Track T Modelling and Simulation T-PP-03 04.10.2016 12:30

Doppler optical coherence 

tomography for noise-reduced flow 

velocity measurements

Julia Walther (Faculty of Medicine Carl Gustav Carus, United 

Kingdom); Edmund Koch (Faculty of Medicine Carl Gustav 

Carus, United Kingdom)
Track T Modelling and Simulation T-PP-04 04.10.2016 12:30

Simulation a new mechanism of 

chaos in single ventricular cell

S.H Sabzpoushan (Iran University of Science and Technology  

(IUST), Iran, Islamic Republic Of); Niloofar shahidi (Iran 

University of Science and Technology  (IUST), Iran, Islamic 

Republic Of); Azadeh Ghajarjazy (Iran University of Science and 

Technology  (IUST), Iran, Islamic Republic Of)

Track T Modelling and Simulation T-PP-05 04.10.2016 12:30

Investigation of pharyngeal flow 

patterns using phase 

contrast-MRI

Pragathi Gurumurthy (Universität zu Lübeck, Germany); Patricia 

Ulloa (Universität zu Lübeck, Germany); Christina Kluck 

(Universität zu Lübeck, Germany); Thorsten M. Buzug 

(Universität zu Lübeck, Germany); Martin A. Koch (Universität zu 

Lübeck, Germany)

Track T Modelling and Simulation T-PP-06 04.10.2016 12:30

Sensitivity Analysis on Cochlear 

Implants with fluid Actuation

Silke Hügl (Hannover Medical School, Germany); Thomas S. 

Rau (Hannover Medical School, Germany); Stefan Griebel 

(Ilmenau University of Technology, Germany); Lena Zentner 

(Ilmenau University of Technology, Germany); Thomas Lenarz 

(Hannover Medical School, Germany); Omid Majdani (Hannover 

Medical School, Germany)

Track T Modelling and Simulation T-PP-07 04.10.2016 12:30

A model for simulating 

Electrophysiological features ofa 

HypoglossalMotoneuron

S.H Sabzpoushan (Iran University of Science and Technology  

(IUST), Iran, Islamic Republic Of); Ziba Asadnejad Khomarlou 

(Iran University of Science and Technology  (IUST), Iran, Islamic 

Republic Of); Azadeh Ghajarjazy (Iran University of Science and 

Technology  (IUST), Iran, Islamic Republic Of); Niloofar shahidi 

(Iran University of Science and Technology  (IUST), Iran, Islamic 

Republic Of)

Track T Modelling and Simulation T-PP-09 04.10.2016 12:30
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Development of a simulation model 

to assess time in stroke treatment

Lisa Katharina Hinteregger (Graz University of Technology, 

Austria); Alexander Lassnig (Graz University of Technology, 

Austria); Theresa Rienmüller (Graz University of Technology, 

Austria); Christian Baumgartner (Graz University of Technology, 

Austria); Jörg Schröttner (Graz University of Technology, Austria)

Track T Modelling and Simulation T-PP-10 04.10.2016 12:30

Deducing spectral information in a µ-

CT scanner for use in verified drug 

transport simulations

Tobias Klepsch (Lübeck University of Applied Sciences, 

Germany); Franziska Eckardt (Lübeck University of Applied 

Sciences, Germany); Henrik Botterweck (Lübeck University of 

Applied Sciences, Germany)

Track T Modelling and Simulation T-PP-13 04.10.2016 12:30

Finite-Element and Network-Model 

Based Performance Studies of a 

Fully Implantable Hearing Aid in the 

Incudostapedial Joint Gap

Martin Koch (Technische Universität Dresden, Germany); Martin  

Pachen (Technische Universität Dresden, Germany); Uwe 

Marschner (Technische Universität Dresden, Germany); Eric 

Starke (Technische Universität Dresden, Germany); Holger  

Neubert (Fraunhofer-Institut für Keramische Technologien und 

Systeme IKTS, Germany); Günther Pfeifer (Technische 

Universität Dresden, Germany); Matthias Bornitz (Technische 

Universität Dresden, Germany); Thomas Zahnert (Technische 

Universität Dresden, Germany)

Track T Modelling and Simulation T-PP-14 04.10.2016 12:30

Mechanobiological simulation of forg 

gastrocnemius muscle using 

advanced activation model

A. Fethi Okyar (Yeditepe University, Turkey); Gokdeniz Yalcin 

(Yeditepe University, Turkey); Namik Ciblak (Yeditepe University, 

Turkey); Mehmet A. Akgun (Yeditepe University, Turkey) Track T Modelling and Simulation T-PP-15 04.10.2016 12:30

BrainLinks-BrainTools-Methods and 

Tools for Neural Engineering

Thomas Stieglitz (University of Freiburg, Germany); Oliver Paul 

(University of Freiburg, Germany); Ulrike Wallrabe (University of 

Freiburg, Germany); Patrick Ruther (University of Freiburg, 

Germany)

Track U
BrainLinks-BrainTools-

Methods and tools for 

neural engineering

U-OP-01 04.10.2016 14:00

Controlling Bessel beams for 

optophysiology

Ulrike Wallrabe (University of Freiburg, Germany); Angelina 

Müller (University of Freiburg, Germany); Markus Reisacher 

(Fraunhofer Institute for Applied Solid State Physics IAF, 

Germany); Oliver Ambacher (Fraunhofer Institute for Applied 

Solid State Physics IAF, Germany); Katarcyna Holc (Fraunhofer 

Institute for Applied Solid State Physics IAF, Germany); Matthias 

Wapler (University of Freiburg, Germany)

Track U
BrainLinks-BrainTools-

Methods and tools for 

neural engineering

U-OP-02 04.10.2016 14:00
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MEMS-based micro-optical tools for 

optogenetic applications

Patrick Ruther (University of Freiburg, Germany); MarieTheresa 

Alt (University of Freiburg, Germany); Eva-Maria Fiedler 

(University of Freiburg, Germany); Christian Mounir (University of 

Freiburg, Germany); Linda Rudmann (University of Freiburg, 

Germany); Michael Schwaerzle (University of Freiburg, 

Germany); Oliver Paul (University of Freiburg, Germany); 

Thomas Stieglitz (University of Freiburg, Germany)

Track U
BrainLinks-BrainTools-

Methods and tools for 

neural engineering

U-OP-03 04.10.2016 14:00

Developments for the next 

generation of brain probes

Thomas Stieglitz (University of Freiburg, Germany); Eva-Maria 

Fiedler (University of Freiburg, Germany); Danesh Ashouri 

Vasjari (University of Freiburg, Germany); Christian Bentler 

(University of Freiburg, Germany); Rickard Liljemalm (University 

of Freiburg, Germany); Fredrick Pothof (University of Freiburg, 

Germany); Abdalrahmen Sayed Herbawi (University of Freiburg, 

Germany); Falk Barz (University of Freiburg, Germany); Matthias 

Kuhl (University of Freiburg, Germany); Oliver Paul (University of 

Freiburg, Germany); Patrick Ruther (University of Freiburg, 

Germany)

Track U
BrainLinks-BrainTools-

Methods and tools for 

neural engineering

U-OP-04 04.10.2016 14:00

Achievements and trends of CMOS-

assisted neural recording interfaces

Matthias Kuhl (University of Freiburg, Germany)

Track U
BrainLinks-BrainTools-

Methods and tools for 

neural engineering

U-OP-05 04.10.2016 14:00

Beyond Slow Waves: Non-Invasive 

High-Gamma Mapping in an 

Optimized EEG Lab

Martin Völker (University Medical Center Freiburg , Germany); 

Lukas D. J. Fiederer (University Medical Center Freiburg , 

Germany); Martin Glasstetter (University Medical Center Freiburg 

, Germany); Sofie Berberich (University Medical Center Freiburg , 

Germany); Wolfram Burgard (University of Freiburg, Germany); 

Andreas Schulze-Bonhage (University Medical Center Freiburg , 

Germany); Tonino Ball (University of Freiburg, Germany)

Track U
BrainLinks-BrainTools-

Methods and tools for 

neural engineering

U-OP-06 04.10.2016 14:00

Epidural Recordings of Auditory 

Evoked Potentials in Cochlear 

Implant Users

Sabine Haumann (Hannover Medical School, Germany); Günther 

Bauernfeind (Hannover Medical School, Germany); Martin G.  

Bleichner (Carl-von-Ossietzky-University of Oldenburg, 

Germany); Magnus J. Teschner (Hannover Medical School, 

Germany); Stefan Debener (Carl-von-Ossietzky-University of 

Oldenburg, Germany); Thomas Lenarz (Hannover Medical 

School, Germany)

Track U Neural Engineering U-PP-01 04.10.2016 15:30
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Cost-effective, high-channel-count 

system for impedance spectroscopy

Frederick Pothof (University of Freiburg, Germany); Kirti Sharma 

(University of Freiburg, Germany); Oliver Paul (University of 

Freiburg, Germany); Patrick Ruther (University of Freiburg, 

Germany)

Track U Neural Engineering U-PP-02 04.10.2016 15:30

Piezoelectric effect of PVDF and 

PVDF-TrFE scaffolds

Fedaa AL Halabi (Institute for Multiphase Processes/Leibniz 

Universitaet Hannover, Germany); Alexandros Repanas (Institute 

for Multiphase Processes/Leibniz Universitaet Hannover, 

Germany); Marc Müller (Institute for Multiphase 

Processes/Leibniz Universitaet Hannover, Germany); Oleksandr 

Gryshkov (Institute for Multiphase Processes/Leibniz Universitaet 

Hannover, Germany); Birgit Glasmacher (Institute for Multiphase 

Processes/Leibniz Universitaet Hannover, Germany)

Track U Neural Engineering U-PP-03 04.10.2016 15:30

3D Visualization of intraoperative 

stimulation test results for better 

target selection in DBS surgery

Ashesh  Shah (University of Applied Sciences and Arts 

Northwestern Switzerland, Switzerland); Fabiola  Alonso 

(Linköping University, Sweden); Daniela Pison (University of 

Applied Sciences and Arts Northwestern Switzerland, 

Switzerland); Jean-Jacques Lemaire (Université d'Auvergne, 

France); Karin Wårdell (Linköping University, Sweden); Jérôme 

Coste (Université d'Auvergne, France); Erik  Sckhommodau 

(University of Applied Sciences and Arts Northwestern 

Switzerland, Switzerland); Simone  Hemm-Ode (University of 

Applied Sciences and Arts Northwestern Switzerland, 

Switzerland)

Track U Neural Engineering U-PP-04 04.10.2016 15:30

Pulse wave analysis using novel 

strain gauges

Madlen Witt (Hochschule für Technik und Wirtschaft des 

Saarlandes, Germany); Dennis Vollberg (Hochschule für Technik 

und Wirtschaft des Saarlandes, Germany); Matthäus Langosch 

(Hochschule für Technik und Wirtschaft des Saarlandes, 

Germany); Günter Schultes (Hochschule für Technik und 

Wirtschaft des Saarlandes, Germany)

Track V Patient Monitoring V-PP-01 04.10.2016 12:30
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Analysis of customized ocular data 

and wave front aberrations 

concerning their deviations from 

generic eye models

Natascha Bayer (University of Applied Sciences Technikum 

Wien, Austria); Nino Hirnschall (Vienna Institute for Research in 

Ocular Surgery  (VIROS), A Karl Landsteiner Institute, Hanusch 

Hospital, Austria); Lukas Traxler (University of Applied Sciences 

Technikum Wien, Austria); Andreas Drauschke (University of 

Applied Sciences Technikum Wien, Austria); Oliver Findl (Vienna 

Institute for Research in Ocular Surgery  (VIROS), A Karl 

Landsteiner Institute, Hanusch Hospital, Austria)

Track W Personalized Health W-PP-01 04.10.2016 15:30

Prediction of individual aortic root 

prosthesis size: Deformation 

modelling as an alternative to direct 

estimation

Jannis Hagenah (University of Lübeck, Germany); Michael 

Scharfschwerdt (University Hospital Schleswig-Holstein, 

Germany); Achim Schweikard (University of Lübeck, Germany); 

Christoph Metzner (University of Herfortshire, United Kingdom)
Track W Personalized Health W-PP-02 04.10.2016 15:30

Development of a locomotor therapy 

device for infants

Joerg Schroettner (Institute of Health Care Engineering / Graz 

University of Technology, Austria); Andreas Tilp (Institute of 

Health Care Engineering / Graz University of Technology, 

Austria); Robert Neubauer (Institute of Health Care Engineering / 

Graz University of Technology, Austria); Sigrid Ranner (Klinik 

Judendorf-Straßengel GmbH, Austria); Peter Grieshofer (Klinik 

Judendorf-Straßengel GmbH, Austria)

Track X
Prosthetics and 

Rehabilitation Engineering
X-OP-01 04.10.2016 14:00

The exoprostheses test device gait 

simulator: Next steps for 

comprehensive fatigue and 

functional examination

Peter Seufert (Technische Universität Berlin, Germany); Philip 

Töllner (Rehabtech Research Lab, Germany); Simon Gallinger 

(Technische Universität Berlin, Germany); Julius Thiele 

(Technische Universität Berlin, Germany); Marc Kraft 

(Technische Universität Berlin, Germany)

Track X
Prosthetics and 

Rehabilitation Engineering
X-OP-02 04.10.2016 14:00

An adaptive learning agent to 

improve myoelectric-controlled 

prosthesis: concept and ideas.

Weerayot Aramphianlert (Medical University of Vienna, Austria); 

Christoph Kast (Medical University of Vienna, Austria); Matthias 

Krenn (Medical University of Vienna, Austria); Winfried Mayr 

(Medical University of Vienna, Austria)
Track X

Prosthetics and 

Rehabilitation Engineering
X-OP-03 04.10.2016 14:00
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Development of a closed-loop control 

system for upper limb prosthesis 

integrating electromyographic inputs 

and position feedback

Christoph Kast (Medical University of Vienna, Austria); Weerayot  

Aramphianlert (Medical University of Vienna, Austria); Matthias  

Krenn (Medical University of Vienna, Austria); Christian Hofer 

(Medical University of Vienna, Austria); Oskar C.  Aszmann 

(Medical University of Vienna, Austria); Winfried Mayr (Medical 

University of Vienna, Austria)

Track X
Prosthetics and 

Rehabilitation Engineering
X-OP-04 04.10.2016 14:00

Instrumentation of Timed-up-and-Go 

Test for stroke patients using 

multisensor insoles

Veronika David (UAS Technikum Wien, Austria); Harald Jagos 

(Raltec - Research group for Assisted Living Technologies, 

Austria); Stefan Kotzian (Neurological Rehabilitation Center 

Rosenhügel, Austria); Mathias Forjan (UAS Technikum Wien, 

Austria); Anton Sabo (UAS Technikum Wien, Austria)

Track X
Prosthetics and 

Rehabilitation Engineering
X-PP-01 04.10.2016 15:30

ROS-based validation and system 

integration of two different 

electromyography sensor hardware 

for control of mechatronic systems

In Seong Yoo (Institute for Factory Automation and Production 

Systems, Friedrich-Alexander-Universität Erlangen-Nürnberg, 

Germany); Sebastian Becker (Institute for Factory Automation 

and Production Systems, Friedrich-Alexander-Universität 

Erlangen-Nürnberg, Germany); Tien Huy Vu (Institute for Factory 

Automation and Production Systems, Friedrich-Alexander-

Universität Erlangen-Nürnberg, Germany); Jörg Franke (Institute 

for Factory Automation and Production Systems, Friedrich-

Alexander-Universität Erlangen-Nürnberg, Germany)

Track X
Prosthetics and 

Rehabilitation Engineering
X-PP-02 04.10.2016 15:30

Camera-Based Respiration 

Monitoring

Fabian Braun (Swiss Center for Electronics and Microtechnology  

(CSEM), Switzerland); Alia Lemkaddem (Swiss Center for 

Electronics and Microtechnology  (CSEM), Switzerland); Virginie 

Moser (Swiss Center for Electronics and Microtechnology  

(CSEM), Switzerland); Stephan Dasen (Swiss Center for 

Electronics and Microtechnology  (CSEM), Switzerland); Olivier 

Grossenbacher (Swiss Center for Electronics and 

Microtechnology  (CSEM), Switzerland)

Track Y Smart Assistance Systems Y-OP-01 06.10.2016 12:00
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Hemodynamic Response to Exercise 

in Patients with a Left Ventricular 

Assist Device: In-Sights from Clinical 

Data and a Numerical Model

Christoph Gross (Medical University Vienna, Austria); Martin 

Maw (Medical University Vienna, Austria); Christiane Marko (PVA 

Center for Ambulatory Rehabilitation Vienna, Austria); Thomas 

Schlöglhofer (Medical University Vienna, Austria); Michael Haller 

(Medical University Vienna, Austria); Daniel Zimpfer (Medical 

University Vienna, Austria); Heinrich Schima (Medical University 

Vienna, Austria); Francesco Moscato (Medical University Vienna, 

Austria)

Track Y Smart Assistance Systems Y-OP-04 06.10.2016 12:00

Textile sensor networks for wound 

monitoring applications

Johannes Wendler (ITM TU Dresden, Germany); Dilibaier Aibibu 

(ITM TU Dresden, Germany); Andreas Nocke (ITM TU Dresden, 

Germany); Chokri Cherif (ITM TU Dresden, Germany) Track Y Smart Assistance Systems Y-PP-01 06.10.2016 10:30

Smart device based application for 

minimal invasive spine surgery using 

mobile tracking

Andreas Alk (Aesculap AG, Germany); Tobias Martin (Aesculap 

AG, Germany); Mateusz Daniol (Aesculap AG, Germany) Track Y Smart Assistance Systems Y-PP-02 06.10.2016 10:30

Sonographic measurement for 

patient-specific hip rotation using 

smart devices

Tobias Martin (Aesculap AG, Germany); Andreas Alk (Aesculap 

AG, Germany); Adrian Goral (AGH University of Science and 

Technology, Poland)
Track Y Smart Assistance Systems Y-PP-03 06.10.2016 10:30

Joint depth and color camera for 

positioning of the acetabular 

component in total hip replacement

Adrian Goral (AGH University of Science and Technology, 

Poland); Tobias Martin (Aesculap AG, Germany); Andreas Alk 

(Aesculap AG, Germany) Track Y Smart Assistance Systems Y-PP-04 06.10.2016 10:30

Medical localizer based on Apple 

iPhone and iPod devices

Mateusz Daniol (Aesculap AG, Germany); Tobias Martin 

(Aesculap AG, Germany); Andreas Alk (Aesculap AG, Germany) Track Y Smart Assistance Systems Y-PP-05 06.10.2016 10:30

Integration of electronic components 

into medical plastic parts by injection 

molding

Valerie Werner (Technical University of Munich, Germany); 

Christoph Rehekampff (Technical University of Munich, 

Germany); Sebastian Dengler (Technical University of Munich, 

Germany); Matthias Zeppenfeld (Technical University of Munich, 

Germany); Markus Eblenkamp (Technical University of Munich, 

Germany)

Track Y Smart Assistance Systems Y-PP-06 06.10.2016 10:30

Monitoring of Daily Physical Activity 

in Patients with Implantable Blood 

Pumps Using a 3-Axial 

Accelerometer

Christoph Gross (Medical University Vienna, Austria); Michael 

Haller (Medical University Vienna, Austria); Daniel Zimpfer 

(Medical University Vienna, Austria); Heinrich Schima (Medical 

University Vienna, Austria); Francesco Moscato (Medical 

University Vienna, Austria)

Track Y Smart Assistance Systems Y-PP-07 06.10.2016 10:30
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Gap of Education in Medical 

Technology for Physicians: a 

challenge for Biomedical Engineering

Ernst Hofer (Institute of Biophysics, Austria); Robert Arnold 

(Institute of Biophysics, Austria); Gernot Reishofer (Institute of 

Biophysics, Austria); Helmut Ahammer (Institute of Biophysics, 

Austria)

Track Z
Training and Further 

Education for Engineers 

and Physicians

Z-OP-01 04.10.2016 14:00

Technical Medicine - an online study-

program for medical professionals 

and biomedical engineers

Jonathan Ahles (Universität Freiburg, Germany); Carola 

Schneider (Universität Freiburg, Germany); Dominik von 

Elverfeldt (Universität Freiburg, Germany) Track Z
Training and Further 

Education for Engineers 

and Physicians

Z-OP-02 04.10.2016 14:00

Biomedical Engineering in Northern 

Iraq. DAAD-Projects BIONIQ-Bios 

and BIONIQ-MedPhys

Thomas Schanze (THM, Germany); Jan-Dirk Janßen (THM, 

Germany); Robin Etzel (THM, Germany); Martin Fiebich (THM, 

Germany) Track Z
Training and Further 

Education for Engineers 

and Physicians

Z-OP-03 04.10.2016 14:00

Unique set-up for training of CTO 

intervention and evaluation of new 

catheter technologies with haptic 

feedback

Christian Hatzfeld (Technische Universität Darmstadt, Germany); 

Nataliya Stefanova (Technische Universität Darmstadt, 

Germany); Thomas Opitz (Technische Universität Darmstadt, 

Germany); Jochen Genzel (Stiftung Juliusspital, Germany); 

Roland Werthschützky (Technische Universität Darmstadt, 

Germany); Mario Kupnik (Technische Universität Darmstadt, 

Germany); Wolfram Voelker (Universitätsklinikum Würzburg, 

Germany)

Track Z
Training and Further 

Education for Engineers 

and Physicians

Z-OP-05 04.10.2016 14:00

Mathematical and physical models 

for simulation of biomedical 

engineering processes in 

comparison to real patient data for 

research, education, and training

Ute Morgenstern (Technische Universität Dresden, Germany); 
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Introduction 

In the development of biocompatible materials for biomedical applications a tailored foreign body response is an 

important issue. The healing of surrounding tissue often interferes with the function of an implant. Events like protein 

deposition, foreign body response, infections and the unwanted encapsulation of the implant are the main causes of failure 

of implanted devices. 

Method 

In this study biocompatible nanofilms are produced by means of a plasma polymerization process using a low-pressure 

magnetron-enhanced 15 kHz glow discharge. This process allows the precise control of the film properties and behavior. 

The resulting hydrocarbon film has a thickness of only a few nanometers and thus does not influence the inherent 

properties of the substrate material. 

Apart from different surface analytical methods, the interaction with different biological sample materials was tested. The 

precise measurement of the adsorbed protein layer indicated a native secondary structure of proteins on these surfaces. 

The type of adsorbed proteins was tested by mass spectroscopy. These Measurements of protein adsorption helped 

tailoring the thin films in the needed direction. Especially the secondary structure of adsorbed proteins was modified to 

produce highly biocompatible interfaces and therefore control the foreign body response. 

Results 

Different in-vivo sensor dummies in contact with blood and soft-tissue were coated by nanofilms. The native secondary 

structure of proteins kept the implanted sensors free of any encapsulation by a plasma nanofilm coating. 

Conclusion 

The measurement results of the adsorption of blood proteins indicated that these nanofilms already have a very 

biocompatible character. The in-vivo testing of coated sensors showed that they were kept free of any encapsulation. 

These groundbreaking coatings open the door for many new applications in the field of a lot of biomedical products. 
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After injury in the nervous system, regenerating axons have to extend across the lesion site to re-establish lost neuronal 

connections. Cell grafting and growth factor delivery were shown to promote growth of injured axons even in the spinal 

cord of the central nervous system, but without proper guidance, axons rarely extend across the lesion site. To overcome 

this problem the regenerating strategy developed in our group includes the application of an anisotropic alginate-based 

biomaterial with linearly oriented channels serving as a physical guiding structure for oriented axon regrowth. A 

dissipative convection process is responsible for self-formation of the anisotropic capillary structure in alginate hydrogels. 

The system offers the possibility to adjust the diameter of the channels in the range between 10 and 150 µm. We could 

show that the oriented regrowth of axons derived from the peripheral nervous system (dorsal root ganglia) as well as from 

the central nervous system (spinal cord) was influenced by the size of the capillary system in that axon density within 

capillaries increased and axon orientation decreased with increasing capillary diameter. Axons growing into the hydrogels 

were always accompanied by glial cells (Schwann cells or astrocytes) strongly suggesting that respective cells are required 

to mediate axon elongation into the biomaterial. To combine the strategies of cell grafting with a biomaterial guiding 

structure we seeded bone marrow stromal cells (BMSCs) expressing brain-derived neurotrophic factor (BDNF) in the 

capillary structure and implanted the hybrid material into a C5 hemisection lesion of the rat spinal cord. Four weeks post-

lesion, numerous BMSCs survived inside the scaffold channels and quantification of axons growing into channels 

demonstrated 3–4 times more axons in hydrogels seeded with BMSCs expressing BDNF compared to control cells. 

Current work includes bioactivation of the capillary structure by protein immobilization and adjustment of its mechanical 

properties. 
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Because of its unique mechanical properties and the high biocompatibility in vivo, spider silk is considered as close to 

the ideal biomaterial. Nevertheless, standardized investigations concerning the cytocompatibility are missing yet. 

Therefore, this study aimed to investigate possible hemolysis and cytotoxicity according to DIN EN ISO 10993-4.2009, 

DIN EN ISO 10993-5.2009 and DIN EN ISO 10993-12.2012 as well as ASTM F756-08. Miniature weaving frames reeled 

with native spider silk from Nephila edulis were used for the investigations. A new seeding protocol with an “adhesion-

delay”-technique exclusively developed for this study was applied. Haemolysis and cytotoxicity were examined according 

to the standardized procedures mentioned above. As some of the investigations were not applicable to the standard 

procedures due to the porous structure and thus significantly altered area available for attachment of the weaving frames, 

little modifications of the original protocols had to be performed. Furthermore, possible changes of the chemical 

composition of the used cell culture medium were analysed.  

No significant changes in chemical composition of the cell culture were found. In both direct and indirect testing, spider 

silk turned out to be not haemolytic, but borderline cytotoxic regarding indirect cytotoxicity testing. However, relative 

metabolic activity measurements revealed no cytotoxicity in direct contact. Altogether, spider silk can be considered as 

cytocompatible and not haemolytic and thus can be classified as safe for biomedical application. This finding is in line 

with in vivo studies performed in recent publications that showed no adverse reactions to spider silk implantation. Albeit 

further investigations should address possible leachables of spider silk as borderline cytotoxicity could be found in indirect 

testing.  
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Low-alloyed magnesium is an innovative and very promising material for biodegradable implants. It must combine the 

following properties: high biocompatibility, application-oriented degradation rate as well as excellent mechanical 

properties (in particular high strength for load bearing applications). All these requirements were achieved by the use of 

only small amounts (< 1 wt.%) of the dietary elements zinc and calcium as alloying elements, the use of appropriate 

processes during alloy production and the subsequent optimization by severe plastic deformation by equal channel angular 

pressing (ECAP). The right choice of alloy components and processing parameters allows tailoring the mechanical and 

degradation properties in a wide range. In low-alloyed Mg unprecedented strength values of up to 400 MPa could be 

achieved which is comparable to permanent implantat materials like pure titanium (CP-Ti) and surgical steel. 

CP-Ti is a commonly used implant material especially in dentistry. In this field of application the titanium alloy Ti6Al4V-

ELI is often avoided because of its problematic alloying elements aluminium and vanadium. Nevertheless, for many 

dental applications a higher strength than that of CP-Ti is requested. Using ECAP and tailored optional post-processing 

we achieved in CP-Ti ultimate tensile strengths > 900 MPa, which is comparable to the Ti6Al4V alloy, as well as a 

desirable very high ductility of > 20%. A further very important effect of ECAP is that it produces a very homogeneous 

ultrafine grain structure and as a consequence very homogeneous mechanical properties across the whole work piece.  

The latest results of material characterization are presented, especially regarding the mechanical and corrosive properties 

in dependence of the selected process parameters. The results suggest that ECAP processed biomaterials are very 

promising candidates for applications in highly loaded implants, for longer durability in the biological environment and 

for the miniaturization of implants while maintaining strength. 
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Introduction 

P. aeruginosa is a major Gram negative pathogen responsible for lung infections and biofilm formation on medical 

devices. P. aeruginosa employs quorum sensing (QS) to regulate bacterial adherence and subsequent biofilm formation. 

The present study was designed to investigate if quorum sensing was indeed essential for in vivo biofilm formation by P. 

aeruginosa in a mouse implant infection model. Metallic magnesium alloys are presently under investigation as novel, 

biodegradable implant materials for temporary purposes. After the healing process is completed and the implants are no 

longer required, they could be resorbed by the body. To investigate interactions of magnesium implants with biofilm-

forming bacteria and the role of the QS system, a mouse infection model was employed. 

Methods 

8 weeks old healthy female Balb/c mice were anesthetized and subcutaneous pouches were surgically created on the back 

side. Sterile magnesium implants were inserted into these pouches and wounds were closed with absorbable suture 

material. Aliquots of a bioluminescent P. aeruginosa quorum sensing mutant and for comparison, wild type bacteria were 

injected on the surfaces of implants. The time-course of the bacterial infection was monitored by using an in vivo imager 

(IVIS). The susceptibility to systemic antibiotic treatments was tested by injecting ciprofloxacin into the tail vein on a 

daily basis. 

Results 

Both wild-type and QS mutant P. aeruginosa persisted on subcutaneously implanted magnesium discs for two weeks. In 

addition, wild-type and QS mutant P. aeruginosa were resistant to high doses of ciprofloxacin. In contrast, in the absence 

of implants the bacterial infections were gradually cleared by the immune system and rapidly declined during antibiotic 

treatments. The results showed that despite the antibiotic treatment both, the wild-type and the quorum-sensing mutant P. 

aeruginosa could survive in the presence but not in the absence of magnesium implants for extended periods of time.  

Conclusion 

The antibiotic resistance of the QS mutant was a strong indication for biofilm formation on magnesium implants. Overall, 

these results dindicate that quorum sensing (QS) is not essential for in vivo biofilm formation by P. aeruginosa on implant 

surfaces.  
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Carbon Nanotubes (CNTs) show promising results regarding their biocompatibility and neurite growth stimulation when 

neuronal cells are grown directly on them in cell culture. Nevertheless, the use of pure CNTs in the human body, for 

instance as an electrode-nerve-interface for cochlea implants, is challenging since the CNTs are easily washed of the 

substrate and spread in the human body. Therefore, a different approach of immersing CNTs in polydimethylsiloxane 

(PDMS) is under investigation. Yet, in this compound, the CNTs are completely covered with PDMS, leading to an 

insulation towards the interface. Since the CNTs size is one of the reasons for improved neural growth, the smooth PDMS 

surface needs to be modified towards a more CNT-like surface. Also, it is necessary to improve the electrical properties 

of such a surface by reducing PDMS on the CNTs. This may be achieved using wet and dry etching techniques reducing 

the silicone rubber on the sample surfaces.  

The CNTs (NC7000, Nanocyl, Belgium) are immersed in the two component room temperature vulcanized 

polydimethylsiloxane Sylgard 184 (Dow Corning, USA). The material is mixed with the curing agent in a 1:10 ration, 

then spread on copper foil and cured at 100°C, before the surface is etched. 

Besides succeeding in structuring the surface, removal of PDMS from the CNTs also decreases the insulation and 

therefore results in reduced impedances towards the interface as anticipated. Also, neonatal rat cardiomyocytes (nrCM) 

have been seeded and cultured on the etched surfaces. Using their ability to depolarize without further stimuli in cell 

culture, it was shown that cell recording also improved using the etching techniques.  

Overall, wet and dry etching lead to improved surface properties due to reduced silicone rubber on the CNTs which was 

shown using impedance measurements and by recording nrCM.  
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The aim of this work is to improve the function of neural interface electrodes, e.g. cochlear electrode, by enhancing the 

long-term biointegration and the contact between electrode and nerve fibers. This can be realized by chemical 

modification of the electrode surface or by integrating a drug delivery system in e.g. modified nanoporous platinum 

coatings. For loading the pores with different drugs, the pore diameter can be adjusted by the use of different templates.  

 

Nanoporous platinum is deposited electrochemically on metal surfaces using templates. Within the first method, 

Pluronic® F127 is dissolved in a Pt(IV) solution. During the deposition of platinum, Pluronic® F127 is incooperated in 

the platinum coating and removed subsequently during calcination. To adjust the release behaviour of active agents, these 

nanoporous platinum surfaces are modified with self assembled monolayers (SAMs) of different thiols. Within the second 

method, metal surfaces are coated with polystyrene latex beads (PLBs). After template formation, the platinum is 

deposited in the voids of the PLB layer and the PLBs are removed.  

The coatings were characterized by SEM, sorption measurements, impedance spectroscopy, and cell culture investigations 

with NIH3T3 fibroblasts, spiral ganglion cells (SGNs) and bone-derived mesenchymal stem cells (BDMSCs).  

 

Both processes lead to coatings containing nanopores. By using Pluronic® F127 pores with a size of about 10 nm are 

obtained, by using PLBs the average pore diameter corresponds to the size of the beads. Depending on the coating 

thickness, the specific surface area can be increased to 430 cm2∙cm−2. Impedance measurements of the nanoporous 

platinum coatings show improved impedance behaviour in the lower frequency range. Cell culture investigations with 

NIH3T3 fibroblasts, SGNs and BDMSCs indicate a good cell compatibility.  

 

Release experiments with rolipram show an adjustable rolipram amount depending on the SAMs.  

 

This work was supported by the DFG within the Cluster of Excellence Hearing4all.  
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In this work, small-scaled, disposable and low-cost microelectrode arrays (MEAs) for the investigation of cell-chip 

interactions by using inkjet printing technology were developed. To this end, test structures were printed on flexible 

polymer-based substrates and characterized. The aim was to achieve i) a high resolution of the MEA by printing small-

scaled feedlines using conductive gold ink, and ii) homogenous insulating films using dielectric polyimide-based ink. All 

in all, MEAs with 64 microelectrodes were printed. A good resolution for the printed MEA structures was obtained with 

gold structures as small as 39 µm in width. 64 feedlines could be implemented within an area of 1 inch x 1 inch on a 

polymer-based flexible substrate. After sintering, the printed gold structures provided sheet resistance two magnitudes 

higher than that of bulk gold, but in the expected range for printed thin gold films. The printing of homogenous insulating 

films was mainly influenced by the surface chemistry of the substrate and could be improved using cleaning pretreatments 

for the substrate. Consequently, linear voltammetry measurements showed leakage currents in an accaptable range. The 

microelectrodes exhibited an electroactive area of 479 µm2. Finally, the MEAs were successfully applied to the 

investigation of action potentials (AP) of cardiomyocyte-like HL-1 cells. The peak amplitude of the action potential varied 

strongly between 18 µV and 61 µV.. In terms of noise, a root mean square noise (RMS) of approx. 4.2 µV  and signal-to-

noise ratios (SNR) of up to 14.5 were observed. Peaks of the action potentials occurred at a frequency of 0.5 Hz. An 

increase of the beating frequency due to chemical stimulation of the cells with noradrenaline could be recorded 

successfully. Overall, this demonstrates the potential of low-cost, printed MEAs in applications of in vitro measurements 

of cells. 
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Cardiac pacemakers are among the first and best known electrically active medical implants. Their housing consists of a 

stiff titanium shell and protects the electrical equipment against the harsh conditions in the body. Only the stimulating 

electrode is lead through the housing and is in direct contact with the tissue. In the course of miniaturisation and 

automatisation, stiff titanium housings have no future and are replaced by flexible, biostable as well as biocompatible 

materials in which the electronics are embedded. Such an implant could detect vital signals in vivo, analyse irregularities 

and react with electrical stimulation while minimizing the tissue irritation due to its flexibility. 

Therefore, there is a great need for long term stability studies, which test flexible electrical active implants against harsh 

electrical and mechanical conditions, as found in the human body, while observing the degradation of the biocompatible 

encapsulation. 

We built a setup to automatically induce artificial mechanical stress to our substrates while analyzing their electrical 

properties and the progressing degradation of the biocompatible encapsulation. The setup consists of several multiplexers 

with a DC source unit and can be combined with a fluidic modul, which simulates conditions, found in the human body. 

Our substrates are built on Polyimide 2611 from HD Microsystems, onto which the electric circuitry is deposited by 

vacuum deposition techniques. The 50nm thick gold conducting paths are enclosed by 10nm thick titanium which acts as 

an adhesive layer to the polyimide. The bioactive passivation consists of several Polyimide layers with intermediate gold 

layers, to obtain impermeability for water vapour. 

We are able to automatically detect leakage currents over passivating polyimide layers down to sub picoamperes, which 

greatly increase in case of degradation. Due to the multiplexer system we can freely test intrinsically between several 

layers, as well as against a conducting fluid. 
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The biocompatibility of material surfaces can be optimized by coatings. The deposition processes for these coatings, sol-

gel or low pressure plasma enhanced deposition, are often complex and not adaptable to inline production. In this work, 

an industrial Atmospheric Pressure Plasma Jet (APPJ) process was used to deposit biocompatible silicon based coatings 

on surgical stainless steel 316L. The advantage of this technology is that it can be integrated inline in the production 

process without need for high cost accesories.  

Stainless steel 316L, used as the substrate in this study, is an established material for medical implants. An important 

application are stents for treatment of Coronary Artery Disease (CAD), the leading cause of cardiovascular mortality 

worldwide with over 5 million deaths per year. The stainless steel surface, however, exhibits thrombotic properties, 

inducing inflammatory tissue reactions and releasing allergic or even toxic metal complexes and ions out of the metal 

surface. Therefore the aim is to coat them with non-toxic biocompatible films. In this work an optimized atmospheric 

pressure plasma process was used to deposite silicon organic/inorganic hybrid coatings. 

The SEM studies showed that the deposited thin films are homogeneous polymer-like (thickness: 112 nm, roughness: 

12.5 nm, contact angle: 98°). By analyzing the XPS spectrum, Si-O and Si-C bondings were detected, showing the 

organic/inorganic hybrid nature of the deposited material. Biocompatibility testing (CCK-8 assay) showed that the 

coatings are non-cytotoxic, and cell seeding test, analyzed by SEM, showed a good adhesion on the surface. In the tensile 

test the coating showed no sign of cracking, and the immersion test showed a good stability against simulated body fluid.  

All these results, clearly indicate that an APPJ can be used to create biocompatible coatings on a standard implant material 

for near future applications.  
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Pulmonary diseases are according to the WHO one of the most important causes of death. Only the diseases of the lower 

respiratory system and the chronic obstructive pulmonary disease (COPD) account for 3.1 million cases of death each 

worldwide. (2012) In many cases the only possible treatment for these diseases is a lung transplantation. However, the 

number of lung transplantations depends strongly on the number of donors. If no suitable donor lung is available 

oxygenators can take over lung’s function for a defined period of time. The particular disadvantage of the membrane 

oxygenation is the use of artificial materials in direct contact with the blood. This material body interaction leads to strong 

foreign body responses which affects the blood oxygenation and the durability of the membrane oxygenator. 

To overcome this problem and to increase the gas transfer rate of membrane oxygenators a fiber based membrane is 

developed. The membrane consists of a top layer of endothelial cells seeded on an electro-spun membrane made of 

sulfonated polyether ether ketone (sPEEK) fibers as scaffold. A non-woven made from polyethylene terephthalate is used 

as a stabilizing substrate and the gas-transition phase. By seeding endothelial cells onto the membrane surface the area of 

foreign material, which is in contact with the blood stream is reduced. 

To produce the sPEEK scaffold for the endothelial cells PEEK is sulfonated in conc. Sulfuric acid for 160 h. Afterwards 

it is precipitated in water. For the preparation of the spinning solution sPEEK is dissolved in dimethylacetamide and spun 

into a non-woven at 30 °C temperature, 25 % relative humidity, a feed rate of 2 mL/h and a voltage of 25 kV. The 

produced non-woven is investigated regarding their porosity fibre morphology, mechanical strength and biocompatibility. 

The results show uniform fibres with a diameter of 0.57 ± 0.04 µm with a high porosity and good mechanical properties. 
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Silicone elastomers gain in importance for challenging applications such as for various medical products. This is due to 

its good resistance properties, considering heat, fluids or sterilization processes, combined with its mechanical properties 

respectively its elasticity. Commonly used silicone elastomers are based on polydimethylsiloxane (PDMS). Because of 

nonpolar methyl groups directed to the surface of these materials, silicone elastomers are usually hydrophobic and show 

contact angles with water above 100°.  

Polyethylene glycol (PEG) in contrast is a hydrophilic polymer. It is soluble in water and is used, for example, as softening 

and moisturizing agent. Coatings as well as compounds with PEG are known for increasing hydrophilicity of surfaces. In 

the following various modifications of silicones are tested aiming a biocompatible, hydrophilic and stable surface. For 

this a liquid PEG with molecular weight 400, a solid PEG with molecular weight 1500 (dissolved in water) and the 

surfactant-like diblock copolymer PDMS-b-PEG (also known as PDMS-b-PEO) are applied onto the silicone surfaces. 

For improved stability of the coatings the silicones are pretreated with plasma or flame pyrolysis. The effectiveness of 

the surface modifications is analyzed by contact angle measurements. Furthermore, cytotoxicity tests are carried out for 

possible applications in medical products. As silicones are known for hydrophobic recovery processes, the wetting 

behavior is tested for air and aqueous environment until 30 days after modification. 

It could be shown that long-time hydrophilation is possible with surface activation using plasma or flame pyrolysis 

combined with the application of PEG. For medical applications pure PEG showed better results concerning cytotoxicity 

than PDMS-PEG copolymers. Storage of the silicone specimens, especially at air, reduced hydrophilation. An aqueous 

environment for 30 days also showed increased contact angles but still hydrophilic surfaces. Mechanical stability of the 

analyzed surface modifications shall be part of future research following this study. 
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Introduction 

The nonspecific interactions of proteins to implant surfaces play an important role for the incorporation of implants. 

These represent a dynamic process during which proteins may bind, rearrange and detach. The proteins, that interact 

initially with implant surfaces may act as pilots for cell adhesion. Hence, the cell adhesion but also the drug release can 

be influenced. We describe the interaction of human serum albumin (HSA) and human fibrinogen (HFG) with modified 

biodegradable polymers, Poly(L-lactide) (PLLA) and Poly(ɛ-caprolactone) (PCL) using surface plasmon resonance 

technique (SPR). 

 

Methods 

The polymers were dissolved in CHCl3. Then, the polymer solution was spin coated on a bare Au SPR sensor chip with 

a rotation speed of 3,000 rpm and dried under vacuum overnight. The nonspecific interaction of HSA and HFG with 

PLLA and PCL were monitored using an SPR Biosensor SR7500DC. The interactions on the plane polymer surfaces 

were determined under dynamic conditions at a flow rate of 10 μL/min according to the following protocol: (i) 0.9 % 

NaCl (15 min); (ii) protein solution in 0.9 % NaCl , (15 min); and (iii) 0.9 % NaCl (15 min). 

 

Results 

The adsorption behaviour of HSAand HFG on the polymers PCL and PLLA were investigated. The influence of the 

molecular weight, the polymer surfaces with the plasma chemical modifications were tested in order to predict possible 

cell-polymer interactions. Furthermore, the affinities of the proteins to the surfaces were examined via KD estimation, 

showing that HSA preferably binds to the surface of both polymers compared to HFG. 

 

Conclusion 

In this study we describe the nonspecific interaction between biodegradable polymers and proteins. The data presented 

here show opportunities to improve the interactions e.g. in order to reach an optimal wound healing.  
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Introduction 

In the development of implants, there are two strategies for materials to be used. Biodegradable materials lead to a 

degradation of the implant, that may help the regenerative substitution with endogenous tissue. The use of biostable 

materials contrary provides a permanent substitute of the function. The use of non-degradable implant materials causes 

some problems concerning their long term stability. Besides undesirable degradation processes also calcification is one 

of the major challenges especially for implants in the cardiovascular environment. Therefore, reliable and fast data derived 

from in vitro studies are of high interest in recent research. The focus of our investigations is on enhancing in vitro 

calcification via optimization of calcification solution. 

 

Methods 

Calcification was performed under dynamic conditions with nonwoven samples. The quantification was done directly 

from the samples as well as indirectly out of the solution. After a defined period of time one half of the samples was 

dehydrated and dried. They were used without further treatment for qualitative evaluation by the means of SEM and EDX. 

The other half of the samples was hydrolysed. This hydrolysate is used in photometric assay to determine the 

concentration of calcium and phosphate. 

 

Results 

Different temperatures, pH-values and concentrations of calcium and phosphate are compared as adjusting parameters. 

Multiple concentrations in the range of approx. 9 mM2 to 12 mM2 as well as investigations in a pH-range from 7,4 to 8 

were compared to find an optimum of speed and reliability of calcification.  

 

Conclusion 

In this study we present calcification solutions which results in calcification of nonwoven material. Samples were 

compared to commonly used calcification solution, showing acceleration of the calcification process. The presented data 

indicate the suitability of the calcification protocol for screening heart valve materials. 
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Various mathematical blood damage models have been published that predict the rate of haemolysis or the activation of 

platelets due to shear stress in high shear situations, such as axial flow pumps. A reliable prediction of blood damage 

caused by dynamic in vitro testing systems could improve the signal-to-noise-ratio for testing of small cardiovascular 

implants like stents or small vascular prostheses. In this study, blood damage models are reviewed and applied to a 

CHANDLER-loop system which is in standard laboratory use at the INSTITUTE FOR MULTIPHASE PROCESSES (IMP) of the 

Leibniz Universität Hannover. We were able to show clear differences between the model predictions and data taken from 

previous CHANDLER-loop experiments. This is due to the fact that all blood damage models are designed specifically to 

fit high-flow/low-time loading schemes, in which foreign surface effects can be neglected. As opposed to this, loading 

conditions in the CHANDLER-loop are low shear over prolonged periods of time up to 4h. The available experimental data 

do not permit regression analysis, so a new test concept was designed, which will enable more accurate assessment of 

blood damage caused by the test system as opposed to the damage caused by the tested implant for a specific tubing 

material.  
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Measurement of tendon loading patterns during physical activity is important for understanding tendon injury. Although 

tendon forces have been commonly estimated from direct techniques, such as implantable transducers, these methods are 

highly invasive and interfere with normal gait patterns. Indirect methods such as estimates based on electromyography, 

force plates and motion analysis are more widely used but are known to overestimate tendon loads by as much as 50% 

compared to direct measures. This paper explores the clinical measurement of tendon properties through the use of a 

novel, non-invasive guided ultrasound measurement technique. The technique takes advantage of the known relationship 

between transmission speed of ultrasound waves and the modulus and density of the material through which it propagates. 

In tendon, this relationship is governed by the classic Newtonian–Laplace equation with some adjustment for Poisson’s 

effects in elastic media. With application of physiological tensile load to tendon, the instantaneous elastic modulus of 

tendon increases along with the axial transmission velocity of ultrasound in the tendon. Hence, the change in transmission 

velocity of ultrasound is related to the magnitude of load applied to the tendon. This paper summarises the findings of a 

series of studies performed within our laboratory, in which the properties and loading pattern of the Achilles or patellar 

tendon have been measured during common physical activities in healthy adults and in patients with tendon disorders. 

Ultrasound transmission velocity in healthy tendon usually ranges between 1700m/s and 2200m/s during activities, such 

as walking or squatting, and show a highly reproducible velocity-time pattern (typical within-subject CV <5%). In 

addition to providing new insights into the differential loading patterns in injured tendons and their interplay with common 

rehabilitation approaches, the findings also highlight the potential of guided ultrasound transmission techniques for 

functional assessment and monitoring of human tendon in vivo.  
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Mechanical parameters of biological tissues are common markers for quantitative tissue characterization. In this study we 

present how mechanical parameters of articular cartilage can be extracted from creep indentation curves using a model 

based approach. Additionally, the method is also used to determine if there is an influence on the measured mechanical 

parameters by using three cylindrical indenter diameters (800/1200/1500 µm) at the same loading height (0.11 MPa) and 

creep duration (600 s).  

 

The determination of the material parameters of ovine articular cartilage (knee, medial condyle, n=10) were performed 

by a two-step approach. First, creep indentation measurements were conducted to record the resulting creep-indentation 

profile over time at a constant creep load. Second, a computational approach was developed to continue the process of 

identifying the material properties of articular cartilage. A biphasic finite element model was used for an accurate 

description of the mechanical behavior of articular cartilage. According to the biphasic theory by Mak et al. (1987) the 

tissue was assumed to consist of an incompressible solid matrix, hydrated with an incompressible fluid. 

 

After finalizing the measurements and the parameter identification process the material parameters did not differ from 

each other. The determined values for the Young’s modulus were 1.0±0.3 MPa and the permeability 0.002±0.001 mm4/Ns 

(mean±standard deviation). The coefficient of determination R² for the three indenter diameters were 0.87 (800 µm), 0.94 

(1200 µm) and 0.96 (1500 µm).  

 

We conclude that the combination of experimental and computational methods is a highly robust approach to extract the 

material properties of articular cartilage by using measurement data from creep-indentation. Funding: This study was 

funded by the German Federal Ministry of Education and Research (BMBF) with grant number 0315577C (Funktionale 

Qualitätssicherung für regenerative Gewebeersatzmaterialien für Knorpel und Meniskus – QuReGe). 
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Wear debris seems to be the most likely reason for osteolysis in THA.  The aim was to show the influence of head and 

acetabular liner revision surgery on osteolytic zones around the femoral component. 

Can head and inlay revision surgery reduce the size of the osteolytic zones around the femoral component? Which patients 

could benefit? 

47 patients (51 hips), who had undergone THA head and inlay revision surgery between 1999 and 2011, were reviewed. 

The mean lifetime for the prosthesis was 15,1 years (8 to 26, standard deviation 4,5) and the mean follow-up for head and 

inlay was 39,2 months (12 to 113, standard deviation 30). The heads used in revision surgery were made of metal (26) 

and ceramics (25). In 36 cases a ultra-high-molecular-weight polyethylene inlay was taken, in 15 cases a regular PE-inlay. 

We compared the pre-surgical and follow-up anterior-posterior x-rays. 

The mean size of radiolucent areas before revision surgery was 147 square millimeters (5 to 389sq mm, standard deviation 

115). 

Thirty-nine months (12 to 113) after surgery, their mean size was 145 square millimeters (7 to 604sq mm, standard 

deviation 124). Radiolucent zones exceeding 100 square millimeters could be reduced by an average of 28 percent in 18 

out of 29 cases. 

The results showed an improvement in 29 out of 51 cases and a stop of progress in one case. According to the findings 

there may be a benefit for patients with big radiolucent areas. 
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Diabetic patients progressively lose their sensation in their feet and subsequently are prone to develop sores. To prevent 

this, individually designed insoles with soft and stiff areas are used to support the foot and prevent excoriations. So far, 

these insoles are made manually and the layout relies on the experience of the orthopedic shoemaker. With the increasing 

average age of western civilizations and the surge in diabetic cases, the demands on the orthopedic industry will increase. 

In addition, to have a traceable and cheaper production process, an evidence-based layout of insoles is going to be required 

by the health care system. As a result, the orthopedic shoemakers will need to change their mode of operation profoundly, 

and direct digital manufacturing will play an important role for this trade in the near future. 

For insoles, new and soft materials are required. Selective laser sintering is the most promising production process for 

additive manufacturing of soft polymers, because of the high material quality and the total freedom of form.  A new type 

of flexible material for selective laser sintering, thermoplastic polyurethane, has recently entered the market. For this 

material, as well as for another new type currently under development, we present results on strength, stiffness and 

coefficient of friction. Furthermore, we present the first examples for additively manufactured orthopedic insoles for 

people with diabetes. A cellular structure is employed to produce insoles with varying stiffness and a software tool was 

created to simplify the layout of this cellular structure. 
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A finite element model of the anterior chamber of the eye from MRI data is presented, which allows a more detailed 

modelling of the accommodation process and all relevant components of the eye. The geometry was taken from an 

enucleated eye which was investigated in a 7.1 T MR tomograph. The material properties were taken from the literature. 

The model consists of the cornea, the anterior part of the sclera, the ciliary body, the zonula fibers and the lens, which is 

divided in the capsule and the lens content. The ciliary muscle contraction is performed in a simplifying way by thermal 

contraction of the ciliary body. 

The load is applied in two steps. Since the intraocular pressure is near to zero with the undeformed shape of the present 

model, it is useful to put an internal pressure to the eye in the first load case, which is equal to the average intraocular 

pressure under normal physiological conditions. As a second load case, the accommodation is achieved by a contraction 

of the ciliary muscle. 

First results of the model are presented, that show that the proportions of the movements of the anterior chamber 

elements are not the same as in the reality. A more precise adaption of the model to the reality is therefore required, 

especially with respect to the ciliary muscle. The changes which are necessary at the model to achieve this are 

discussed. 
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The mechanical properties of living cells have a key asset in their chemical and biological functions. In addition, it is 

known that alteration of the mechanical properties of the living cells, i.e. Red Blood Cell (RBC), can be correlated to a 

number of human diseases. The aim of this study was to present a Fluid Structure Interaction (FSI) model to predict the 

mechanics and deformation of the human RBC. In this study, a three dimensional geometry of the RBC was established 

using available experimental data. The predictions, including the elongations, deformations, the pressure distributions, 

and applied stresses were computed during loading. The results of the computational analysis were then compared to the 

available findings on the mechanical response of the cell from other experimental techniques. The proposed method is 

believed to be able to simply expect the deformation of the RBC in blood stream. The results may have implications not 

only for understanding the alteration of the mechanical properties of the RBCs in blood stream but also for investigating 

the hemodynamic changes of the RBCs in any kind of diseases. Although the proposed method might be considered as a 

numerical approach, it can be considered as a promising approach to take the large deformation of the RBCs in blood 

stream. The large deformation behavior of the RBCs also can be captured using constitutive equations for further 

biomechanical simulations. It is worth mentioning that the methods such as optical tweezers and atomic force microscopy 

are not simply available and, as a result, their applications are almost exclusively bounded. Finally, such methods use 

phosphate buffered saline or glutardehyde as a fixation. These additional materials would alter the mechanical properties 

of RBCs. However, the proposed methods can simply define the mechanical behavior of RBCs with no limitations like 

fixation materials. 
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Introduction 

After a TKA-surgery many patients do return to their former sport activities incl. alpine skiing. Therefore, a mechanical 

and muscular stable knee joint is needed. It is known that the hamstrings are important in sport activities to control the 

position of the knee joint and its movement [1]. In the rehabilitation process after TKA the neuromuscular strength training 

of the hamstrings is often insufficient [2].  

The goal of this study was to analyse the muscular coordination and activity of the thigh muscles Mm vastus medialis 

(VM) and lateralis (VL), rectus femoris (RF), semitendinosus (ST) and biceps femoris (BF) while alpine skiing after TKA 

and compared it with healthy subjects. 

 

Methods: 

A 3D-movement analysis including surface electromyogram (EMG) was performed on an indoor ski slope. Four top-level 

skiers with TKA (66-72 y, M, 2x unilateral TKA and 2x bilateral TKA) and 10 healthy skiers of the local racing team 

(18-25 y, M) skied on a defined slalom course on an indoor ski-slope using the same ski. The time normalized average 

intensity patterns of the Wavelet Transformed-EMG (WT-EMG) [3] of the Mm VM, VL, RF, ST and BF were analyzed 

within a turn. 

 

Results: 

The averaged intensity pattern of a representative healthy subject (Fig 1 top) showed a high muscular activation for the 

VL, VM and RF in the middle of the turn for the inside and outside leg. However, the ST in- and outside leg and BF 

outside leg became already active at the beginning of the turn. In TKA subject for the TKA-leg (Fig 1 middle) all muscles 

were longer higher active, while the non-operated side (Fig 1 bottom) had a similar activity as the healthy subject. Further 

both subjects showed higher activity variability in the BF and ST than in the VL, VM and RF. 

 

Discussion: 

The skiing technique varies clearly between the two groups, which is visible in the movement and WT-EMG-Pattern. 

However, there is a higher synergy in the muscular activation pattern between the VL and VM, than among BF and ST. 

It may be concluded that alpine skiing is more demanding for the neuromuscular coordination within and between the BF 

and ST in order to control the movement of the lower leg and therefore neuromuscular strength training is essential in the 

rehabilitation program after TKA-surgery for potential TKA-skiers. 

 

References:  

[1] Zebis et al. Clin J Sport Med. 2008 Jul;18(4):329-37 

[2] Stevens-Lapsley et al. Clin Orthop Relat Res (2010) 468:2460–2468 

[3] von Tscharner V. J Electromyogr Kinesiol. 2000 Dec;10(6):433-45. 
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Feasibility of actuating a small vehicle using muscle wires is investigated. Muscle wire is a commercially available shape 

memory alloy (SMA). In this design a nickel-titanium alloy is used. The design is based on converting pull-relax cycles 

of the muscle wires into rotary motion. The wire is actuated by applying a voltage difference to its ends. Temperature 

increase due to the heat created by the electrical resistance of the wire causes a contraction due to phase change in crystal 

structure. However, there are upper limits to the temperature for failure-free operation and longevity.  In order to predict 

the temperature dynamics inside the wire, steady state and time dependent heat transfer analyses are conducted. Analytical 

solutions for the time dependent analysis involve Bessel functions. Therefore, these results are also implemented in a 

numerical computation engine. As a result, upper limits for applied voltage difference, for both continuous and 

intermittent applications, are determined. In order to demonstrate the feasibility of the design and confirmation of analyses 

a fully functional prototype is constructed. In the prototype, mechanical springs are used to restore the muscle wire to its 

initial state. Performance of the vehicle, as well as limitations of the design, are presented and discussed. Improvement 

suggestions for future versions are also presented. 
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The nematode Caenorhabditis elegans represents one of the best model organisms for longitudinal analyses, mainly 

because of its fast life cycle and the ease of its genetic manipulation. Complex biological processes related to human 

dysfunctions developing throughout years – e.g. neurodegenerative diseases – could be investigated in C. elegans within 

a few days or even hours[1]. Because of its small size (hundreds of microns), however, high-magnification imaging is 

needed to extract relevant biological information, while microtechnology-based solutions for gentle and precise worm 

manipulation are becoming highly desirable tools in the field[2]. 

Here we present a toolkit of microfluidic solutions tailored for the automated analysis of C. elegans at each precise 

developmental stage. First, we introduce a device for on-chip nematode culture and creation of synchronized C. elegans 

embryo micro-arrays[3]. Long-term multi-dimensional imaging in this device allows systematic phenotyping studies at 

single-embryo resolution. Specifically, we demonstrate unprecedented accuracy in the analysis of embryonic 

developmental variations and successfully investigate the impact of perturbations of the mitochondrial functions on 

worm’s embryogenesis. A second device is then presented, enabling long-term automated studies on C. elegans at single-

nematode resolution and over its whole embryonic and larval development, up to adulthood. Our third device then 

features: a microfluidic design tailored for the isolation of larvae at a desired developmental stage and for their successive 

culture and treatment; a method for reversible worm immobilization, enabling long-term high-resolution imaging of adult 

worms[4]. We successfully employ this platform to analyze protein aggregation in C. elegans models for human 

neurodegenerative diseases. The device allows precisely localizing protein aggregates within the nematodes’ tissues, and 

monitoring the evolution of single aggregates over consecutive days at sub-cellular level. We believe that this toolkit will 

open new possibilities in terms of worm handling and analysis, paving the way for more accurate and efficient C. elegans 

research. 
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The vacuum bell (VB) is the only non-invasive treatment for PE, and represents a valid alternative to surgery. So far, no 

suitable tool was available for assessing objectively the efficiency of the VB. In collaboration with the University of 

Applied Sciences and Arts of Northwestern Switzerland, we developed a new measurement system, providing the 

pressure inside the VB and the related elevation of the sternum during the application of the VB. The system is mounted 

on the conventional VB, and is available for the different sizes of the VB. 67 patients were included in the study. A 

correlation between the patient’s age and the pressure related to the sternal elevation has been proven. As younger the 

patient, as lower is the pressure to lift the sternum to 1 cm. For the first time, we are enabled to gather pressure related 

elevation information in a clinical scenario. The relationship between the patient’s age, the depth of the pectus, the sternal 

elevation, and the pressure inside the VB, give an idea of the flexibility of the chest. With this information, we expect to 

 

- Predict the duration of treatment, which is supposed to be function of the age of the patient and its deformity 

 (form, length and deepest point of the PE) 

- Set up a therapeutical algorithm 

o in case of an elastic/flexible chest (low pressure): VB as first therapeutical approach 

o in case of a stiff chest (high pressure): VB to soften the chest wall in preparation of the surgery 
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Bidirectional brain-machine interfacing requires some type of feedback loop into the subject/patient in order to establish 

a robust transmission channel. As we are currently developing such an interface, we chose to find ways to stimulate the 

somatosensory system of awake and freely roaming animals. The vibrissae-system of a rat is thought to be close enough 

to the human haptic system as to serve as a model region. Consequently, the following study reports on the development 

of a rat-portable, untethered whisker stimulating device by directed puffs of compressed air. 

At the core of the device lies a steady source of compressed air, either supplied by a custom designed peristaltic pump 

(3D printed, PLA, about 15g, pressure about 40000 Pa) controlled by an Arduino Mini Pro (Arduino LCC, Italy) or by a 

CO2 cartridge (filled with liquid CO2 12g, total weight 35g, Zefal, Germany) thread-connected to the air tube system of 

the device. CO2 cartridge fit via a custom-designed pressure reducer to a 3D printed air guide. This guiding structure with 

Arduino controlled valves (5-volt solenoid valve, 5g) is custom-fitted to a circular socket implanted onto the rodents skull 

[1] extending to adjustable, small diameter pipes (about 2mm inner diameter) running along the animal’s nose center and 

ending in back-bending arcs pointing towards the whisker aimed at. Power for the whole device is supplied by two 3-volt 

button cells connected in series (CR2025). It is currently remote controlled by a commercial IR and the device is fixed 

on a body harness for rodents. 

Bilateral air puffs are produced with a pulse width of 500 ms, with an air pressure of 40000 Pa. Frontends of working 

tubes can be exchanged to adjust for wider or narrower target regions on the rat’s whisker area. 

Experimental validation with preceding extensive habituation of animals to carry the device on the harness is under way 

and results will be presented. 

 

 

[1] Pinnell R C, Almajidy R K, Hofmann U G: Versatile 3D-Printed Headstage Implant for Group Housing of Rodents. 

Journal of Neuroscience Methods 2015. 
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Prostate tissue obtained by transurethral resection is evaluated using two different microwave methods in the frequency 

range of 1 to 10GHz. We developed a coplanar waveguide sensor for measuring the spectral transmission and reflection 

characteristics depending on the dielectric properties of the incorporated prostate tissue. Furthermore an open ended 

coaxial probe is applied for surficial analysis of resectate tissue and complete prostate organ. The prostate tissue samples 

are measured within a few minutes after being extracted to avoid changes in the dielectric properties due to drying or 

other decomposition effects. The microwave results are compared with histologic examination results. Both measurement 

techniques are evaluated in matters of their ability to differentiate between levels of tissue degeneration (inflammation, 

neoplasia). The dielectric tissue properties in terms of the complex relative permittivity are derived by simulation 

calculations and probe calibration using reference fluids. The prospect of this work is an apparatus for fast peri-operative 

characterisation of malign and benign prostate tissue. 

 

  



 Biomed Tech 2016; 61 (s28) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5002 S28 

 

ID: C-PP-02 

 

CTCelect: fully automated singularization of circulating tumor cells from 

human blood for personalized cancer immunotherapy 
 

Michael Bassler, Analysis Systems and Sensorics, Fraunhofer ICT-IMM, Mainz, Germany,  

michael.bassler@imm.fraunhofer.de  

 

Liquid Biopsy is expected to be a future standard in cancer diagnostics and patient monitoring. Currently three groups of 

blood based biomarkers are intensively investigated to understand their prognostic value and potential for personalized 

medicine: (1) circulating tumor cells (CTCs), (2) cancer cell derived exosomes, and (3) cell-free DNA. 

CTCelect is fully automated process for enrichment, detection and isolation of single CTCs. It combines large volume 

liquid handling and an advanced microfluidic disposable in one platform. The process starts directly from 7.5 mL of 

human whole blood in a standard tube and ultimately delivers single CTCs in wells of a standard microtiter plate. 

The core steps of the fully automated process are: (1) Immunomagnetic enrichment in a pipetting station (e.g. based on 

EpCAM). (2) CTC labelling using a secondary cancer cell specific antibody. (3) Transfer of the pre-enriched suspension 

to a disposable microfluidic cartridge. (4) Detection and counting of CTCs with a miniaturized flow cytometry module. 

(4) Selective dispensing of CTCs directly into wells of a standard microtiter plate. This comprehensive process is currently 

unique in the field of automated Liquid Biopsy systems and enables downstream single cell analysis by next generation 

sequencing and/or (reverse transcriptase) quantative PCR. 

The entire process has been extensively tested with human blood spiked with 20 model cells (MCF7) and yields a cell 

recovery of 70% on a regular basis. The probability for finding one background lymphocyte per well is below 10%.  

The talk will introduce into system strategy and design, will describe new solutions found to overcome crucial 

technological hurdles, and will present experiential results gained on human blood. 
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PYRAMID addresses consequently the holistic development of a miniaturized, modular, extendable measurement 

systems which allow both personnel identification, monitoring of medical parameters and a continuous interpretation of 

measured results of various functional parameters. The collection and compilation of this occurring, complex data and 

their interpretation on the basis of clinical pathways and guidelines in dealing with dementia will allow for a high level 

of acceptance for people with dementia and the caregiver. These measuring systems should not cause a foreign body 

sensation. This will minimize the risk of immediate removal of the measurement system and the actual measurement 

procedure for dementia related parameters is not perceived. Possible solutions already exist through use of measurement 

on the skin, in which the measuring system is very light and thin, and adheres to the body surface of the patient only due 

to adhesive forces. This offers to the greatest possible extent the requirement for "imperceptible" sensors. Furthermore, it 

can be placed e.g., on the patient´s back as an unobtrusive patch, making it "difficult to remove" simultaneously not 

interfering with the patient in his comfort. Possible metrics like temperature, electrophysiological data and increased 

acceleration after a fall could be detected. From the perspective of the health care personnel following challenges have 

been identified as essential: 1.Easy identification of the patient prior to evaluation of the measured values ("ID"), 2. 

Automated measurement of the most important health data, such as blood pressure, heart rate, hydration, food intake and 

excretion, sweat, blood sugar, pressure load in bedridden patients, drug delivery, etc. ("automation"), 3. Electronic data 

consolidation and evaluation of complex medical data in information system documentation ("Automatic data transfer 

and processing"), 4. Information about significant deviations of measurement data and adjustment of the existing 

knowledge (guidelines, clinical pathways) ("ICU management") 
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World-wide effort is made to develop metallic resorbable implants for osteosynthesis and vascular applications. The 

concept is to provide a biomaterial with initial mechanical stability supporting the tissue during its healing phase. 

However, after subsequent degradation of the implant material, no foreign body remains long-term nor has to be removed. 

Due to its biocompatibility and mechanical properties the material of choice is magnesium. Our research aims at exploring 

a route to produce Mg-implants by Selective Laser Melting. A variety of process parameters was applied to investigate 

the process window. There are several challenges to fabricate dense and stable structures, amongst others we mention: i) 

Process emissions that develop during the laser process under protective Argon atmosphere and ii) the choice of the 

applied laser energy and scanning speed to entirely melt the starting powder and fuse it into a dense material. A SLM 

Realizer 100 machine (MCP Realizer, Germany) was used to build 5 mm3 cubes out of Mg powder (AZ91, SFM, 

Switzerland). The Vickers hardness of cubes built with different process parameters was investigated with a Zwick Roell 

ZHV 10 system (Ulm, Germany). The results showed that the prevention of the process emissions as well as the adaption 

of the laser parameters have a significant effect on mechanical properties of the created material. 
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Bioreactors are essential for the cultivation of complex cell and tissue constructs and for dynamic cell cultivation. 

Nowadays bioreactors are mostly complex systems of reusable glass vessels, roller pumps, heaters, sensors, etc., free and 

manually connected with plastic tubes and electric cables. This leads to large and expensive constructions, the danger of 

microbial contamination, and the need of high volume of culture medium due to large caliber and long running tracks. 

Therefore, with present bioreactors a parallelization and miniaturization, as it is established for microtiter plates and static 

cell-based assays, is almost impossible to realize. In the present study we have evaluated the possibility to realize 

miniaturized and disposable, and therefore highly parallelizable bioreactors using additive manufacturing processes (3-D 

printing). A variety of appropriate manufacturing technologies including Digital Light Processing (DLP), Fused 

Deposition Modeling (FDM), MultiJet Modeling (MJM), and Selective Laser Melting (SLM) were considered, as well as 

well-established and innovative biocompatible polymeric materials as matices. A special focus was set on the realization 

of small caliber and densely packed channels, optical windows for microscopic examination, wall heating systems, and 

power conducting structures. The present study showed that additive manufacturing processes offer revolutionary 

possibilities to realize highly integrated, miniaturized, single-use bioreactors with improved functionality. This leads to 

the perspective to perform highly parallelized multiparameter investigations on complex in vitro cell and tissue models, 

as it is already established for static cell culture models in microtiter plates. 
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The nucleus pulposus (NP) is the core of the intervertebral disc (IVD). NP replacements have been subject to highly 

controversial discussions over the last forty years. Their utility seems to be eminent to treat herniated disc or degenerated 

disc disease (DDD). But, in practice not a single implant or tissue replacement was able to withstand the loads within an 

IVD. Hence, spinal-fusion remains the main treatment for DDD. The existing NP replacements suffer from extrusion and 

subsidence.  

A composite hydrogel was designed by combining Poly-Ethylene-Glycol-Dimethacrylate (PEGDA) with Nano Fibril 

Cellulose (NFC) fibres. To inject the PEGDA-NFC hydrogel and activate it by light illumination in situ, a minimally 

invasive surgical device was developed. To validate the approach the NP of bovine IVDs was removed and hydrogel 

samples were placed within the degenerated IVD disc model. After surgery the IVDs were cyclically loaded in a bioreactor 

over more than 0.5 million cycles and the change of organ height was compared between healthy, degenerated, repaired 

and cyclically loaded states.  

The developed hydrogel could be tuned according to native material properties and was able to reach similar material 

properties in terms of swelling pressure, extrusion and confined compression strength. It was successfully implanted and 

photopolymerized within the IVD model and was able to resist cyclic loading over 0.5 million cycles. The post-operative 

disc high increase was 33.4 % and was significant between degenerated/repaired state (p < 0.0025) and between 

degenerated and loaded state (p < 0.025). Histology of the samples showed a continuous interface between native tissue 

and implanted hydrogel. The minimally invasive implantation by in situ photopolymerization is a unique feature to control 

the surgery and provide optimal tissue integration. The restauration of disc height over 0.5 million loading cycles suggests 

that the orthopaedic implant could also be functional in humans.  
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At the point of care there is an unmet need for fast, flexible, and userfriendly diagnostic tools for the specific recognition 

of pathogens. We developed a novel platform based on polymerase chain reaction (PCR) combining microfluidic 

integration and a fully automized processing unit offering an overall processing time below 45 minutes. All microfluidic 

elements are combined into a disposable centrifugal disk which can have all reagents prestored. The disk has a high degree 

of multiplexing and can, in principle, be equipped with any PCR assay. The centrifugal microfluidic design allows the 

entire reaction to occur in the purely passive disk. Consequently, all active components, particularly the rotation unit, the 

heating unit, and the fluorescence readout module are integrated into a fully automated “sample-to-answer” point-of-care 

device. In this contribution, we present the functional units of the platform as well as their interaction. Special emphasis 

is given on the fast thermocycling based on a non-equilibrium approach with direct infrared liquid heating. The platform 

has been tested with pathogens related to sexually transmitted infections and respiratory diseases. The quantitative results 

compare well with commercial systems. 

Research leading to these results has been funded by the German Federal Ministry of Education and Research (BMBF) 

under grant number 16SV5406, “UNISOND”. 
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In medicine, the duration and quality of a healing process often depends on an early decision on the right course of 

treatment. Therefore, the availability of test results is a time sensitive matter. Devices that facilitate medical testing at or 

near the point of patient care (Point-of-care Testing, POCT) reduce the time between drawing the sample and receiving 

the test results significantly. Today, multiparameter POCT is only available for a few parameters since every single 

analyte requires a highly specific indicator substance. Infrared spectroscopy overcomes the drawbacks of reaction based 

sensing since it enables a marker and label free, parallel analysis of various medical parameters without altering the 

sample. In combination with multivariate statistical modeling, a quantitative prediction of the investigated substances can 

be achieved. One of the greater challenges in IR-spectroscopy based POCT is to make the device small, mobile, and easy 

to use. Unfortunately, most high-end FTIR- spectrometers do not meet these requirements. Our approach is to use a 

modern miniature spectrometer with a compact detection unit based on a LVF (Linear Variable Filter) and a 

thermosensitive line array sensor. We aim to optimize the mini-spectrometer to achieve sufficient signal and resolution 

for sensitive blood analysis while maintaining the small size and low manufacturing costs of the device. Results of our 

initial study on the determination of selected high-content blood markers i.e. albumin, total protein, and ethanol, will be 

shown. Also a closer analysis of the detector chip as well as enhancement options will be discussed.  
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The Neurotransmitter Dopamine regulates and controls the reward-motivation behaviour and is responsible for 

neurological diseases like Parkinson`s, Schizophrenia and Depression. Severe forms of these diseases are treated by Deep 

Brain Stimulation (DBS), where an electrode is permanently implanted to the brain and delivers pre-set voltage pulses. 

The correct positioning of the stimulating electrode is dependent on external imaging techniques like magnetic resonance 

imaging, computed tomography and X-ray imaging. Impedance measurements, microelectrode recording and 

intraoperative stimulation along the trajectory of the implanted electrode are also used to increase the accuracy of the 

positioning. Lee et al. monitored the concentration of Adenosine in real-time using Fast-Scan Cyclic Voltammetry during 

the implantation procedure for DBS for the first time in 2012. A long-term measurement of neurotransmitters in-vivo 

utilizing the DBS electrode and thus creating a feedback controlled system has not been realized to this date. We designed 

and built a redox-cycling sensor on the basis of a multi-electrode array with the objective to create an implantable 

electrochemical sensor for long-term measurement of Dopamine. The sensor, consisting of two coplanar gold electrodes, 

passivated by silicon nitride, was built using optical lithography, plasma enhanced chemical vapour deposition (PECVD) 

and reactive ion etching (RIE). Pore structures within the electrodes generate spatial confinement of the analyte and 

increase the reaction time in order to achieve a high sensitivity and signal amplification. Voltammetric measurements in 

the reduction and oxidation range of -0,1V to 0,6V for Dopamine showed a high cycling efficiency of the sensor of over 

80%. In a microfluidic setup chronoamperometric measurements confirmed a sensitivity to a concentration of 1µM 

Dopamine in PBS and showed an instant reaction to changes in concentration. In conclusion, this sensor allows 

electrochemical real-time measurement of redox-active substances like Dopamine while retaining electrostimulation and 

represents a step towards implantable closed-loop stimulation application. 
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Wearable biosensor systems measuring personally and clinically relevant parameters become more important as the 

requirements in healthcare change. Due to demographic change the number of elderly patients increases and the demand 

for point of care testing grows especially in connection with disease control. This is important not only to treat people 

who are already ill, but also to monitor changes in health and behavior of healthy people. Next to the monitoring of heart 

rate, respiratory rate, skin temperature or other vital signs the field of automated continuous measurement of biomolecules 

in body fluids is gaining significance. Therefore, research into non-invasive, wearable electrochemical biosensors that 

measure biomolecules in sweat, tears, and saliva have become of interest. Examples include monitoring of glucose for 

diabetes management, lactate for endurance training, pathogens for diseases, and drugs for patient treatment.  

The current developments at Fraunhofer ISIT combine the activities of the business unit medical sensor systems with 

those of the wearables and printed electronics. Along with the experiences in module as well as system integration this 

leads to biosensor and hybrid electronic systems on flexible polymer substrates. First prototypes consist of the assembly 

of established silicon biosensors, discrete active electronic circuits and passive components connected by printed 

conductive tracks, to achieve an integrated sensor system. This hybrid setup provides the following main functional 

elements: Microcontroller including wireless connectivity, power management and multichannel potentiostat for read-out 

of electrochemical reactions on the microelectrodes of the sensor chip. To increase the integration level, the development 

of flexible printed biosensors takes place. Therefore, the fabrication of noble metal electrodes on flexible PET foil is 

carried out by wet etching or functional screen printing. The functionality is demonstrated individually by 

immunosensor and enzyme sensor principle as well as combining both principles in one wearable sensor system. 
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Atrial fibrillation is the most common significantly detrimental cardiac arrhythmia. Its prevalent treatment procedure is 

catheter ablation using radiofrequency (RF-ablation). With a recurrence rate of about 20 % at the 18-month mark, an 

improved assessment of ablation lesion quality during the RF procedure is necessary. 

The goal of the experiment is to correlate electrophysiological signals around acute ablation lesions with the morphology 

of these lesions. To this end an in-vitro experimental setup will present a controlled environment for this analysis. 

The tissues used in the experiment are rat atria and ventricles. An assembly of multiple electrodes is manufactured using 

a microsystems approach. Using these electrodes, the extracellular potentials of the living cardiac tissue are measured. 

These electrophysiological signals are recorded at eight locations around the punctiform ablation lesion and a flexible 

conductor transmits the signals to an amplifier system. Measurements preceding and following a controlled RF-ablation 

create the basis for the analysis of the acute lesion. Qualitative information is gained through subsequent magnetic 

resonance imaging (MRI) of the myocardium featuring the ablation lesions. 

The electrophysiological signals of the myocardium will be determined before and after ablation. These electrograms 

show the extracellular potentials at several locations and their change with respect to time. Simultaneously, a high-speed 

camera records the relative electrical activity of the heart cells using a voltage sensitive fluorescent dye. 

The analysis and combination of the electrophysiological and MRI datasets allow an investigation of the characteristics 

of ablation lesions. Properties of especially significant interest are lesion geometry and transmurality. The different 

electrogram morphologies and their amplitudes mainly constitute the electrical data. The change over time of these 

parameters post-ablation allows discerning temporary alterations of the cardiac tissue, which in turn enables an improved 

assessment of the lesion quality. 
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Most conservative approaches toward biomarker identification have failed to provide tools that would enable to stratify 

cellular stress responses and pave the way for a more personalized medicine for stress-related diseases, such as type 2 

diabetes (T2D). We established and validated a chip-based biosensor based on the principle of surface acoustic waves 

(SAW) which enables characterization and quantification of extracellular complexes (ECGAPP) in plasma. These harbor 

glycosylphosphatidyl-inositol-anchored proteins (GPI-APs) and phospholipids [1]. Strikingly, GPI-APs have been shown 

to exhibit high susceptibility for release in ECGAPP from the surface of mammalian cells in response to T2D [2, 3]. The 

presence of ECGAPP in body fluids of stressed people has not been studied so far, possibly due to conceptual 

(reductionistic and causal thinking) and technological limitations. 

 

To overcome these hurdles, the SAW biosensor will be used for the specific detection and biophysical characterization 

of ECGAPP. Measurement of phase shifts and amplitude reductions of SAW exposed to ECGAPP, which interact with 

the biosensor chip surface via GPI-APs and phospholipids as their constituents as a minimal bias, was sufficient to 

differentiate between sera from normal and (pre-)diabetic rats on the basis of mass reflecting differences in the amount 

of ECGAPP released and their putative post-translational modifications as well as on the basis of viscoelasticity reflecting 

alterations in the spatial configuration and conformation of the ECGAPP constituents. The requirement for the presence 

of limiting concentrations of synthetic phosphoinositolglycans, that compete for the interaction of the ECGAPP with the 

chip, indicates that a subset of ECGAPP is relevant for the successful differentiation. This phenomenological biomarker 

identification does not depend on knowledge of the underlying molecular basis for the monitored differences in the 

biomarker signatures a priori as is the case for conventional reductionistic and causal approaches. 
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Lactate molecules have an absorption band in the spectral range from 1600 nm to 1750 nm and 2050 nm to 2400 nm. The 

concentration of lactate in human blood extends from 0.3 mmol/l to 25 mmol/l with a physiological concentration around 

2 mmol/l. A high absorption of water and other blood components and a low physiological lactate concentration require 

a high signal to noise ratio of the spectroscopy to determine the physiological lactate concentration. Charged particles can 

be moved inside an electrical field. Biomolecules in blood plasma are charged differently depending on the isoelectric 

point causing the specific pH value of the media. Lactate is the smallest biomolecule in blood plasma and charged 

negative. Therefore it can be expected that the velocity and acceleration is higher than in case of other plasma molecules. 

The experimental setup consists of a custom made electrophoresis chamber 100 mm x 50 mm x 200 mm with platinum 

electrodes, a Sensor Cassy 2 for the voltage application and a Bruker Vector 22 for the sample evaluation. The 

concentration of lactate was measured at different positions inside the electrophoresis chamber with parameter sets for 

example different voltages and start concentrations. The results show a faster movement of lactate molecules compared 

to other plasma components. During the enabled electrical field lactate molecules stay around the anode and allow a 

spectral analysis with a higher signal to noise ratio to determine the lactate concentration. Due to differences between 

charges and masses of the molecules it is possible to increase the lactate concentration at the anode. A higher concentration 

improves the signal to noise ratio and leads to an increased accuracy at concentration determination. 
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An optical measurement setup for the concentration determination of clinically relevant hemoglobin derivatives in non-

hemolyzed human blood is currently under development. In a double integrating sphere setup the interaction between 

broadband VIS-NIR radiation and the blood sample is examined. The results may vary significantly depending on the 

flow behavior of the sample. Additionally, deposits, clumping and changes of the sample’s constitution have to be 

minimized. For this reason, a fluidic circuit has been developed which is adapted to the specific requirements of optical 

measurements on non-hemolyzed human blood. Different tubings, pumps and flow cell designs have been evaluated. A 

peristaltic pump was built which required additional steps to reduce the pulsation of the flow. For this purpose, different 

approaches were compared. The necessary customized flow cells with optical path lengths of approximately 100 µm are 

costly and not available in large quantities. Based on common materials a flow cell with wall shear rates from 200 to 

1000 s-1 was designed and evaluated in terms of actual film thickness as well as the homogeneity of the layer thickness 

and flow in the optical focus area. A significant reduction of pulsation in the targeted flow rate was achieved. An 

associated increase in the accuracy of the optical measurements could also be demonstrated. Furthermore, a suitable flow 

cell based on PMMA was designed. The fluidic circuit has been optimized with regard to the requirements of optical 

measurements on whole blood and fulfilled these completely. Performed measurements have also shown the necessity of 

the adjustments. Future steps will include the extension to a temperature control and further miniaturization and 

integration into the optical measurement setup. 
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An optical measurement setup for the concentration determination of clinically relevant hemoglobin derivatives (HHb, 

O2Hb, COHb, MetHb, SHb) in non-hemolyzed human blood is currently under development. Present devices measure 

these concentrations after previous hemolysis in order to eliminate undesirable light scattering. Omitting hemolysis would 

provide several advantages such as a simplified and more flexible analysis process, but requires the knowledge of the 

optical properties of whole blood. The impact of relevant condition variables (e.g. MCV, HCT, …) on the measurement 

of hemoglobin derivatives is insufficiently characterized and does not allow a reliable interpretation of their transmission 

spectra. We developed a concept which pursues the approach of multivariate data analysis to extract the relevant spectral 

information. Therefore, the interaction between broadband VIS-NIR radiation and the blood sample is examined in a 

double integrating sphere setup. From the observed transmission and reflection intensities, the optical parameters µa, µs 

and g are calculated using the Inverse Adding-Doubling method. Various changes in hardware and data preprocessing 

have been evaluated to improve the quality of the obtained data. The measurement setup has been optimized to measure 

the scattering effect of varying condition variables in order to understand their relevance for the analysis of hemoglobin 

derivatives. The developed concept has proven to be suitable. One feature is its extensibility for up to now unknown but 

possible parameters. However, the wide spectral range which is necessary for multivariate data analysis is challenging 

due to the large dynamic range in the absorption of hemoglobin derivatives. Future steps will include the recording of 

complete datasets at different condition variables to understand their relevance for the analysis of hemoglobin derivatives. 

These will be later used for modeling the dependency of scattering during the concentration determination. 
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The goal of our project is the development of an optical sensor for blood component analysis. Scattering and absorption 

of blood cells affect the absorption spectrum that is used to determine the concentration of soluted blood components. To 

improve the optical analysis we investigated cell separation based on magnetophoresis to generate a clear optical field 

without light scattering of blood cells. The Fe2+-atom inside the haemoglobin molecules is the cause for the magnetic 

properties of the erythrocyte. Magnetophoresis uses these properties to move the blood cells along a high gradient 

magnetic field which is produced by a ferromagnetic wire within a magnetic field. A 3D printed microchannel, a 

ferromagnetic wire and neodymium magnets are used in our setup. The microchannel is filled with blood and the 

movement of the cells is observed with a microscope. Due to the design of the channel it is possible to collect the clear 

blood plasma without cells. Blood plasma is collected at a separate outlet and blood cells are found at a reservoir at the 

end of the channel. Magnetophoresis can be used to separate blood components to increase the accuracy of optical 

determination of soluted blood components. The next goal will be the development of a module that can be integrated 

into a blood analyser. 
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Blood component determination plays a steadily increasing role in clinical medicine. Hence, the demand for an optical 

method without consumables is rising. Several approaches including NIR/MIR-spectroscopy and polarimetry have been 

published. The main obstacles for sufficient prediction accuracy are described as very low absorbance spectra of 

physiological lactate levels and spectral overlap of other blood constituents like proteins. Additional effects like thermal 

drift of radiation source or sample absorbance could limit repeatability of spectra recording. We investigated the influence 

of possible disturbances due to environment condition changes on prediction accuracy for lactate. For this purpose we 

took absorbance spectra of different lactate solutions and built a multivariate regression model to predict unknown 

concentrations. Wavelength range was varied as well as pathlength to find the optimum parameters. Decrease of signal 

to noise ratio and thermal drift of radiation source were simulated to quantify the influence on prediction accuracy. 

Concerning these effects, possible methods for compensation were evaluated to reduce the influences. Measurements 

have shown that concentration prediction of lactate is possible in principle but suffers from certain disturbances which 

limit reproducibility. Variation of thermal radiation could change spectral transmission as well as sample temperature 

variations. Like a signal to noise ratio decrease this will result in a modification of multivariate regression loading vectors 

for a non-infinite number of samples which will be considered for predicting the substance of interest. By analyzing 

measurement influences prediction accuracy limitations were investigated and partially reduced. For a further 

improvement of predictability hardware changes like increasing detector sensitivity need to be made. 
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Because blood component determination by encymatic reactions suffers from several disadvantages an optical method 

for constituent determination is desirable. Many approaches like absorbance spectroscopy in blood plasma or polarimetry 

at the humor of the eye have been published. Glucose determination via polarimetry is more sensitive than via absorbance 

spectroscopy, but was not pursued for blood samples because of scattering through erythrocytes and optically activity of 

proteins. However, for glucose spiked ultrafiltrated plasma samples correlation between concentration and optical rotation 

could be demonstrated about 20 years ago. Due to optical rotatory dispersion proteins, glucose and lactate show 

characteristic rotations. We built a measurement setup including a high power LED, two crossed polarizers, a faraday 

rotator for optical modulation, a sample cuvette and a photodetector to measure concentration depending light intensity. 

The electronic coil driver was designed to provide high currents for sufficient optical modulation depths up to 5 kHz to 

reduce 1/f-noise. We investigated the relation between concentration and optical rotation of glucose and lactate separately. 

A good correlation could be achieved for these constituents solved in water as well as for glucose and lactate spiked 

protein precipitated samples. Measurements have shown that the determination of glucose and lactate in water via 

polarimetry is possible.  Furthermore, glucose prediction in spiked protein precipitated samples shows very promising 

results, but suffers from slight variations of optical background rotation, that impede sufficient lactate prediction accuracy. 

Nevertheless, polarimetric glucose determination in protein-reduced plasma with our measurement setup could show the 

feasibility of this principle and offers several benefits compared to NIR absorbance spectroscopy. It combines the 

advantages of high polarimetric sensitivity, high water transmission and low-cost VIS measurement instruments. In a 

further step we are planning to expand our measurement setup by more wavelengths to investigate the differentiability of 

glucose and fluctuating background rotation.  

 

  



 Biomed Tech 2016; 61 (s45) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5004 S45 

 

ID: F-PP-10 

 

Optical sensing of nucleic acids at high sensitivity 
 

Günnur Güler, Center for Drug R&D and Pharmacokinetic Applications (ARGEFAR) Ege University, Izmir, Turkey, 

gunnurgorucu@gmail.com 

Ercüment Karasulu, Center for Drug R&D and Pharmacokinetic Applications (ARGEFAR) Ege University, Izmir,  

Turkey, ercument.karasulu@gmail.com 

 

Infrared (IR) spectroscopy is one of the most fruitful techniques for the investigation of biological interactions (i.e.,  

proteins, lipids, nucleic acids, ligands, drugs and polymers), structural and compositional characterization of materials as 

well as for the identification of any individual molecular interactions by probing the vibrational modes of the molecules. 

IR spectroscopy as an optical biosensor affords fingerprinting of specific molecules, and thereby, provides direct 

knowledge on H-bonding properties, bond orders, electrostatic interactions, charge distributions, protonation states, 

dynamics and flexibility of the molecules. 

 

The current talk deals with the theoretical and experimental aspects of attenuated total reflection-Fourier transform 

infrared (ATR-FTIR) spectroscopy for the study of nucleic acids (i.e. DNA, RNA and microRNA) in the mid-IR spectral 

region. This promising technique is focused on multi-reflected evanescent optical radiation through an ATR element. 

ATR-FTIR technique is surface-sensitive to the heteronuclear functional groups and provides a non-destructive, fast and 

cost-effective monitoring of nucleic acids at high spectral resolution. IR signatures of nucleic acids analysed in aqueous 

solutions as well as sampling procedures will also be mentioned. 
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After the initial euphoria over the discovery of penicillin as a weapon against bacterial diseases the first penicillin-resistant 

strains of bacteria were observed shortly after the successful clinical introduction of benzylpenicillin. 

Since then, the structures of these so-called ß-lactam antibiotics were continuously modified to improve the 

pharmacokinetics, to extend the spectrum of activity and especially to circumvent existing resistance. 

This led also to the further development of the ß-lactamases enzymes which are able to hydrolyze ß-lactam antibiotics 

and thereby inhibit them. A particular challenge are ß-lactamases with extended spectrum (ESBL) that alter a wide range 

of ß-lactam antibiotics and make them ineffective. This resistance can be detected in different bacterial species, especially 

in Enterobacteriaceae, which include Salmonella, Klebsiella and E.coli. 

In order to allow adequate antibiotic therapy and to prevent outbreaks of infectious diseases by appropriate hygiene 

measures, ESBL-producing pathogens must be detected as quickly as possible. 

At the Fraunhofer Institute IZI-BB Potsdam a rapid on-site test for the biochemical detection of antibiotic-resistant 

bacteria has been developed, which will allow a risk assessment of the microbial load of these bacteria. 

The rapid test utilizes the activity of antibiotic resistant bacteria, to cleave the ß-lactam antibiotics by enzymatic 

hydrolysis; by a corresponding reporter substrate is presented. With special additives to the reporter substrate other 

individual enzyme mechanisms can be determined. This enables the resistant ESBL-producing organisms to distinguish 

them from other resistance mechanisms, in particular of bacteria having an activity of Metallo-ß-lactamases or AmpC 

enzymes. 

The developed detection system offers major advantages over the established systems. The difference to mobile diagnostic 

systems based on PCR-based technology, is located in the direct detection of the activity of the bacteria, despite the 

presence of other microbiota. 
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Introduction: After cochlear implantation (CI) performed to alleviate a profound hearing loss patients often show deficits 

in vestibulo-ocular tests such as caloric, head impulse and rotating chair tests. However, the effect of CI surgery on 

balance control has not been directly evaluated.  

Methods: In this retrospective cohort study the balance control of 18 CI patients of the University Hospital of Basel having 

their first unilateral CI surgery were measured pre- and post-operatively. Measurements were taken during stance and gait 

tests using a SwayStartm posturography system between 2009 and 2015. The mean age of the patients at surgery was 60 

years (range 39 – 82 years). Patients with a second bilateral implant, or reimplantation of the CI and/ or cerebellar pontine 

angle tumor(s) were excluded. 

Results: Young people had a significant worsening of the overall Balance Control Index (BCI) after CI surgery (p=0,009). 

This was also true for patients with normal BCI preoperatively (p=0,006). Elderly patients got better regarding the pitch 

angle during the eight tandem steps test (p=0,004) and patients with a pre-operatively pathological BCI results got also 

better (p=0,014). 

Discussion: Our hypothesis that the elderly and those with pathological balance control pre-operatively would have a 

significant worse balance control after CI surgery was not supported. Surprisingly we have found the opposite to be true. 

Furthermore, if balance control problems have been preoperatively absent, then there is a higher risk for balance control 

problems after the CI surgery. Future prospective studies have to confirm our results and ideally correlate them with the 

presence or absence of vertigo symptoms. 
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Functional electrical stimulation of vestibular nerves represents a potential new treatment option for patients that suffer 

from vestibular disorder. The proximity of distinct vestibular nerves, the facial nerve and the cochlear nerve represents a 

major challenge for defining electrode configurations that allow for selective nerve stimulation. Computer models based 

on realistic three dimensional geometries of the inner ear can be used to evaluate and optimize the efficiency of specific 

electrode configurations and stimulation waveforms. In an ongoing study our group analyzes the efficiency of different 

electrode configurations based on segmented µCT scans of the inner ear. For an efficient processing of the data, a modular 

workflow has been created: In an initial step, labeled medical scans are converted into tetrahedral meshes required for the 

computation of electrical field distributions using the Finite Element Method (FEM). Based on the meshed geometry, 

realistic nerve fiber paths that are required for considering anisotropic electrical conductivities of nerve tissue and for 

evaluating excited target and non-target nerve ratios are generated. In the next step, electrodes with varying shapes are 

integrated into the model for monopolar and multipolar stimulation. After applying corresponding material properties, 

current sources and boundary conditions, electrical fields are computed based on the FEM. The field distributions are 

consequently required as an input for the neuron model that is used to evaluate the selectivity of specific electrode 

configurations and stimulus patterns. Simulated stimulation results were verified by corresponding findings from 

literature. The described workflow will be used to evaluate different stimulation scenarios using patient specific 

segmented µCT scans and statistical shape models of the inner ear. Our findings will contribute to the development of 

optimized electrode designs and stimulation waveforms suitable for a broad range of patients. In addition, the presented 

approach also allows for patient specific optimizations of electrode configurations. 
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Pathological tremor is one of the most common symptoms in movement disorders, such as in Parkinson’s disease or 

essential tremor. The involuntary and rhythmic oscillations, which occur mainly on the upper limb, are usually detected 

by subjective assessment based on clinical rating scores. In addition to careful observations, objective methods can help 

to quantify typical signs of tremor and solve clinical questions. In this context, we propose a novel approach to post-

process different types of tremor time-series data and extract features that can be used as a preclinical tool to address 

patients needs, such as for a more objective programming of DBS stimulators. Acceleration signals of hand resting and 

action tremor were monitored from voluntary Parkinson patients with an implanted DBS device. Commercial sensor 

devices were used to measure the tremor time-series at the patients wrist. To remove the noisy nature of the recorded 

acceleration signals, different filter techniques that are well-suited to online pre-processing were applied. The methods 

used to extract motion features include the analysis of components in the power spectrum and statistic-based metrics in 

the time domain. In particular, Fourier transforms were used to calculate parameters such as the tremor peak power, 

estimated in a predefined sliding window. Our experimental results compare different energy profiles of pathological 

tremor as well as the input energy of the pulse generator with the recorded tremor oscillations. In conclusion, the obtained 

features can be used to identify dynamics of pathological motion for further modeling purposes. The future work of the 

research group is focused on the modeling of the pathological tremor of Parkinson patients and on the long run to check, 

if these signals may be usable for self-steering feedback controlled stimulators.  
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An impaired capacity of the brain to integrate information across neural networks has been suggested as a mechanism 

behind anaesthesia-induced unconsciousness. Nevertheless, the neural correlates of consciousness are still poorly 

understood: It remains unclear if connectivity changes in the brain are dosage or drug dependent and if these changes are 

similar when compared to neural effects caused by disorders of consciousness, e.g. coma. To address this question we 

investigated directional connectivity (DC) in electroencephalogram (EEG) during anaesthesia with (1) intravenous 

propofol (15 healthy volunteers), (2) volatile sevoflurane (20 healthy volunteers) and (3) in coma patients (20 patients). 

A control group includes 30 healthy subjects (relaxed wakefulness, closed eyes). Study measurements were approved by 

the local ethics committee. DC analysis was performed using symbolic transfer entropy (STEn), a non-parametric measure 

indicating the preferred direction of mutual interaction between two signals which serves as a surrogate for the direction 

of cortical “information flow” in EEG. Additionally, power spectral density in the classical EEG frequency bands was 

calculated. Our findings show that during anaesthesia and coma decreased feedback DC represents a consistent neural 

correlate of impaired consciousness. Particularly changes of STEn in frontal-parietal electrodes lead to highest area under 

the curve of 0.85 (confidence interval 0.68–0.98) between wakefulness and anaesthesia and of 0.94 (0.84–1.00) between 

wakefulness and coma. Spectral power density indicates specific changes in EEG for anaesthesia and coma. The loss of 

frontal-parietal feedback DC may represent a key correlate of unconsciousness and indicates a fundamental role of top-

down processing for consciousness. These results support connectivity decrease in higher frontoparietal networks as 

observed by functional imaging analyses. Our findings are not only of theoretical interest but of clinical relevance: 

“Mechanism based” EEG analysis (e.g. based on DC) represent a step forward for future monitoring anaesthesia and in 

intensive care unit. 
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Circadian physiology has shown previously that heart rate and heart rate variability change with the time of day (1). In 

this study we can distinguish circadian effects and effects of sleep. Previous studies did show that sleep stages modulate 

heart rate and heart rate variability too. In order to separate circadian and sleep related effects, one possibility is an 

experimental sleep deprivation under tightly controlled conditions. We studied 12 subjects with this constant routine 

protocol (3). Finally, 11 subjects completed the study. All subjects were in a bed with dim light and standardized food for 

8 hours of sleep, then 40 hours of wakefulness, and then 8 hours of recovery sleep. Cardiorespiratory polysomnography 

was recorded during this extended time period.  

Time domain heart rate variables (mean HR, SDNN, and other standard variables), heart rate variability (LF, HF, and 

other standard variables) were calculated. A number of psychophysiological tests (Karolinska Sleepiness Scale, 

Karolinska Drowsiness Test, reaction time test, hearing and speaking performance, and other tests) were performed in 

regular intervals.  

We observed non-significant changes in heart rate and heart rate variability, but significantly increased LF/HF during the 

second day in parallel with significantly impaired concentration especially during the morning hours of the second day. 

We observed significant effects during the recovery night: a reduction in SDNN, LF, LF/HF. HRV. In parallel, the total 

sleep, time, sleep efficienty, and time spent in deep sleep increased significantly.  

With this we could confirm strong effects of sleep deprivation on heart rate and heart rate variability. However, effects 

of lower vigilance are only clear during the morning hours after sleep deprivation and less obvious during the afternoon 

hours after sleep deprivation. 
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Conventional methods for cardiovascular (CV) disease risk stratification are based on quantification of recognized risk 

factors or assessment of biomarkers during daytime. In this project we evaluated an algorithm based on a 

photoplethysmographic pulse wave signals recorded during sleep for CV risk assessment. In a post-hoc analysis specific 

pulse wave parameters extracted from pulse wave signals of different sub groups were analysed during different sleep 

stages and compared between day- and nighttime assessment. 

520 subjects (346 males, age 55.0±13.4 yrs, BMI 29.9±6.1 kg/m2) with suspected sleep apnea were randomly recruited 

at five sleep centers in Sweden and Germany. Individual CV risk scores were calculated in accordance with established 

CV risk matrixes (ESH/ESC-, Framingham-, EU-, PROCAM- scores). A digital photoplethysmographic pulse wave (PW) 

signal was continuously recorded with overnight pulse oximetry. An algorithm based on eight separate hypoxic and PW-

derived parameters was trained in 130 subjects and validated in 390 subjects for low/high CV risk classification.  

All parameters were associated with elevated ESH/ESC risk in univariate analysis. The combined algorithm detected high 

risk patients (validation set, ESH/ESC risk classes 4 and 5) with a sensitivity, specificity, positive predictive value, 

negative predictive value of 74.5%, 76.4%, 69.0% and 81.0%, respectively. The used pulse wave parameters of a subgroup 

of 230 subjects showed moderate differences between the five sleep stages Wake, REM, S1, S2 and S3 during night, 

whereas the same pulse wave parameters of 28 Patients differed significantly between day- and nighttime assessment. 

Parameters derived from pulse oximetry may provide meaningful information on CV function. Day and nighttime 

assessment showed significant differences. The sleep period may provide an interesting time window for CV risk 

assessment. 
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Low-frequency EEG waves (delta band, below 3.5Hz) are the hallmark of Non-REM sleep depth. The amplitude of these 

waves is used in the standard sleep scoring procedures according to the American Academy of Sleep Medicine to 

discriminate between sleep stage N2 and the deeper slow-wave sleep (N3). However, the dynamics of sleep as evidenced 

by the buildup and extinction rates of delta power in the rising and falling flanks of each NREM episode are rarely 

examined. Yet they can provide important information as to the relationship between NREM and REM sleep pressure. 

Other frequency bands characterize aspects of brain state different from the familiar concept of sleep depth and partially 

even independent of the known sleep stages. While the dynamics of spindle band power (sigma, 12-16Hz) mostly relates 

to the density of sleep spindles, which are a hallmark of sleep stage N2, higher-frequency EEG (beta and gamma bands, 

>16Hz) tend to show discontinuities not reflected by changes in classical sleep stages. The functional relevance of these 

apparent changes in brain state is not yet known. We describe the occurrence of these changes in relation of classical 

sleep stages, arousals and time of night. 
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Intraoperative Neuromonitoring systems for surgical interventions in the area of the pelvic floor process EMG signals of 

the internal anal sphincter (IAS) as an indicator of the autonomic nerve activity. In order to provide intraoperative 

neuromonitoring as quality control for preservation of nerves during, a non-invasive, intra-anal electrode was developed 

and evaluated during animal experiments. The electrode structure is equipped with up to four electrode contacts (typ. 

250 mm²) to record the IAS signals, either arranged circumferentially or circularly. The structure is made of Acrylnitril-

Butadien-Styrol and can be easily inserted due to its stiffness. Four additional electrodes contacts (typ. 100 mm²) are 

integrated in order to contact the external anal sphincter (EAS) on the inferior border of the anal canal to improve the 

signal integrity by differentiating between the involuntary IAS and the voluntary EAS activity. The electrode contacts are 

made of functionalized PDMS, and neither skin preparation nor contact gel is required for the recording. The electrodes 

showed a good skin-to-electrode characteristic and performance in several animal experiments (pigs). Characteristic IAS 

activity was reliably recorded, like ultra-slow waves, slow waves and response potentials of higher frequencies. 

Additional circuitry can be integrated into the electrode to prevent artefacts due to cable movements. On the tip of the 

electrode, a stainless steel ball (Ø 2.5 cm) can be mounted as the cathode for an extra-corporal, transsacral stimulation of 

autonomic nerve structures in the pelvic floor. The electrode’s capability of concurrent recording and stimulation enables 

a non-invasive pelvic intraoperative neuromonitoring approach for laparoscopic interventions.  
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Pelvic intraoperative neuromonitoring (pIONM) during rectal cancer surgery enbales identification of the complex 

autonomic nervous system with verification of its functional integrity. The current methodological setup requires 

intraoperative intracorporeal electric neurostimulaion performed with a handheld probe under needle EMG of internal 

anal sphincter and manometry of urinary bladder. The aim of the present experimental study was to develop a minimally 

invasive pIONM approach facilitating evaluation of nerve integrity via transsacral stimulations and surface EMG 

recordings. Thererfore, 10 male pigs underwent nerve-sparing low anterior rectal resection. Several newly developed 

electrode arrays for extracorporeal neurostimulation were tested and compared to the current available stimulation 

technique. For a non-invasive EMG of internal anal sphincter different intra-anal surface electrodes were designed. The 

postprocessing data analysis revealed that the developed non-invasive EMG electrodes enabled reliable recordings with 

a more homogenous signal quality. 
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Pelvic intraoperative neuromonitoring aims for autonomic nerve identification and preservation with the intend to 

maintain patients’ quality of life in terms of urogenital and anorectal function. The currently available system is based on 

intracorporeal electric neurostimulation performed during the surgical procedure with a handheld stimulations probe 

under observation of needle EMG of internal anal sphincter and manometry of urinary bladder. Within a consortium of 

surgeons, medical engineers and industrial partners the method has been modified in an experimental setting for a more 

minimally invasive approach. A non-invasive, practical and reliable intraanal surface EMG was realised through 

developments of sophisticated recording electrodes. The intracorporeal stimulation was successfully combined with an 

extracorporeal approach facilitating neurostimulation outside the operation area. For transfer of these innovations into 

clinical application a total of five patients undergoing laparoscopic low anterior resection for rectal cancer will be 

investigated. The aim of this actual study is to demonstrate the feasibility of these novel technical and methodological 

achievements in the clinical setting.   
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Glaucoma is a disorder of the retina and optic nerve which leads from visual field loss to complete blindness. This damage 

is often caused by an abnormally high pressure in the eye. The exact causes of optic nerve damage from glaucoma is not 

fully understood, but involves cardiovascular dysfunctions among other factors.  

The objective of this study was to investigate the differences of the autonomic cardiovascular regulation between healthy 

subjects and glaucoma patients. 

Therefore, we analysed the following time series extracted from 30 min ECG and non-invasive blood pressure: The heart 

rate variability (HRV) and blood pressure variability (BPV; systolic blood pressure (SBP) and diastolic blood pressure 

(DBP)) series. The signals from 20 patients with open angle glaucoma (POAG) (5♂and 15♀, aged 63.95±12.06) and 32 

age and gender matched healthy controls (CON) (8♂ and 24♀, aged 65.69±8.41) were analysed using uni- and 

multivariate linear and non-linear dynamics approaches.  

Parameters derived from time domain, segmented Poincaré plot analysis (SPPA) and high resolution joint symbolic 

dynamics (HRJSD) showed significant differences especially in vascular regulation. Moreover, a combination of three 

indices was capable to discriminate between CON and POWG with a specificity and sensitivity of more than 95%. These 

results suggest an impaired pattern of central vascular regulation in glaucoma patients, supporting the idea that not only 

the vessels of the eye are involved in the development of this pathology. These results may have some prospective 

application in the preterm diagnostics of glaucoma in clinical practice. 
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Overactive bladder (OAB) is a symptom-based syndrome, characterized according to the International Continence 

Society, by “urgency, with or without urge incontinence, usually with frequency and nocturia”. In patients with OAB 

symptoms the diagnosis is based on qualitative observations of the urodynamic traces as, if a visible increase in the 

bladder pressure recording (pves) is observed, the diagnosis is detrusor (i.e. bladder muscle) overactivity (OAB-with-DO 

group) otherwise idiopathic OAB. The available devices to treat OAB apply continuous electrical stimulation to the 

bladder nerves to relax the bladder. Intermittent stimulators were recently suggested as a promising alternative in terms 

of improved battery longevity and nerve-compatibility. In this study we introduce a tool which may improve i) the OAB 

diagnosis (i.e. providing quantitative data on OAB) and ii) the treatment (e.g. by providing alarms to trigger bladder 

relaxation only when necessary). We used a wavelet transformation-based method (WT) to analyse pves from OAB-with-

DO patients (N=24) and a control group with healthy bladders (N=24). All pressure recordings (from the start of bladder 

filling to the voiding phase), were divided equally in time in 1st half and 2nd half; WT was used to calculate the maximum 

energy of the pves in the frequency range of 0.01-0.08 Hz. The median of maximum energy in the 2nd half of the pves was 

194% higher in the OAB-with-DO group than the control group. In the OAB-with-DO group the energy of the 2nd half of 

pves was 274% higher than in the 1st half (p<0.001). No statistical difference was found between 1st and 2nd half of the 

control group. The results showed that WT is a promising tool for quantifying differences of bladder activity between i) 

healthy and OAB bladders and ii) OAB bladders at different volumes. (characterized by higher bladder volume) 
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In this study the results of different EDR methods in comparison to the sampling frequency of the ECG were analysed. 

Therefore, a set of 1-lead electrocardiograms (ECG) equal to lead II and respiratory signals of 41 healthy volunteers 

digitized at 1000 Hz were evaluated. The ECG-signals were resampled down to 125 Hz in the process of halving the 

sampling frequency. Further the ECG signal was resampled up to 2000Hz in steps of 500Hz. Different EDR methods 

based on the 4th order central moments (M1), the maximum slope of the RS-distance (M2) as well as the RS-distance 

(M3), R-wave amplitude (M4), QRS-complex area (M5) and respiratory sinus arrhythmia (M6) were applied to the ECG-

signal. The respiratory frequency calculated from the EDR signals was compared to the reference respiration rate by 

estimating mean absolute error �̅� and its standard derivation 𝜎 in breathes per minute (BPM). 

All EDR methods showed reliable results for sampling frequencies (fs) of 250Hz and higher. Worst results for the 

sampling range of 500Hz to 2000Hz showed M6 (E̅ ± σ=1.31 ± 2.34Bpm, fs =1000Hz) and best results were reached 

for M1 (E̅ ± σ=0.71 ± 1.42Bpm, fs =1500Hz). Using a sampling frequency lower than 500Hz the mean absolute error 

increase rapidely for M1-M5. E̅ ± σ ranges from 1.42 ± 2.56Bpm (M5, best result: 0.92 ± 1.68Bpm for fs = 1000Hz) 

to 3.30 ± 3.71Bpm (M2, best result:  0.84 ± 1.55Bpm for fs = 1000Hz) for the lowest choosen sampling rate of 125Hz. 

Only M6 showed no significant changing error (E̅ ± σ=1.26 ± 2.21Bpm). 

It was demonstrated that the mean absolute error significantly changed at sampling frequencies of 250 Hz and lower. The 

reason for the results are the missing information of the QRS-complex (RS-slope, RS-distance, QRS area and R-wave 

amplitude) for low sampling frequencies. M6 revealed constant results irrespective of ECG’s sampling frequency. 
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In contrast to conventional aortic valve replacement, the Transcatheter Aortic Valve Implantation (TAVI) is a new highly 

specialist alternative to surgical valve replacement for patients with symptomatic severe aortic stenosis and high operative 

risk. The procedure was performed in a minimally invasive way and was introduced at the university heart centre, Freiburg 

– Bad Krozingen in 2008. The results have been getting better and better over the years. The aim of the investigation is 

the analysis of electrocardiogram conduction time and the electrocardiography changes recorded hours and days after the 

procedure depending on artificial heart valve models, which may lead to pacemaker implantation, even the analysis of 

the effectiveness of treatment.  

PQ, QRS and QT durations were divided into groups of CoreValve®, SAPIEN XT™, Evolute R™ and Sapien 3™ and 

indicate a significant modification after TAVI.  

In the effectiveness of treatment, the left ventricular ejection fraction (EF) increased and the pulse pressure gradient 

(DPmax) decreased significantly in the groups of patients with and without a pacemaker after TAVI. The procedures 

show an excellent hemodynamic functionality of the patients. 

 

The analysis of the electrocardiographic parameters demonstrates a significant prolongation of the PQ interval (AV 

block). QRS- and QT-intervals increases significant in all valve models after hours (bundle branch block or repolarization 

disturbance) and reduces after days. Therefore, the heart block may reduce days after TAVI during recovery. 
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Conduction velocity (CV) is one measure for the action potential wavefront propagation over the cardiac myocardium. 

For CV estimation, the local activation time (LAT) is required. The LAT is the time at which the wavefront passes the 

tissue of the myocardium. In clinical cases, this can be determined using the unipolar and bipolar intracardiac 

electrograms. There are different methods for LAT calculation. This work addresses the challenges in correct LAT 

annotation near the stimulus site of the paced rhythms.  

 

The unipolar and bipolar electrograms give information about the extracellular potentials. This work concentrates on the 

LAT calculation near the pacing site in four clinical cases. The endocardial atrial data was recorded using an EnSite 

Velocity mapping system (St. Jude Medical, USA) at Städtisches Klinikum Karlsruhe with written informed conscent. 

The electroanatomical recording technique provides the unipolar as well as bipolar electrograms along with the ECG, 

respiration information, coronory sinus signals etc. at a sampling frequency of 2.035 kHz. At each location the unipolar 

and bipolar electrograms of 1.5 seconds are available with three activities resulting from sinus node and two paced 

rhythms triggered from one location in the coronary sinus (CS). The recording has been done using 10 pole and 20 pole 

LASSO catheter (Biosense Webster). For each clinical case the number of recorded electrograms varied from 250 to 400. 

The physicians prefer the bipolar recordings because far fields get substracted by the nearby electrodes. LAT gives the 

information of the time instant when the depolarization wavefront crosses the tissue beneath the electrode. It is defined 

for both unipolar and bipolar signals. There are many methods on how to calculate the LAT. During this analysis, 

nonlinear energy operator was used to calculate the LAT from bipolar electrogram, while the point of maximum 

downslope gives the LAT for unipolar electrograms. This work deals with the LAT annotation at locations close to the 

pacing site.  

 

In clinical cases, near the pacing site it was difficult to get the clear LAT using only the unipolar or bipolar elctrograms, 

because of the strong pacing artifact. The signals were observed more clearly in the unipolar electrograms as compared 

to the bipolar ones but, the annotation of LAT using unipolar electrograms alone is compromised due to the presence of 

artifacts such as baseline wander, high frequency noise etc. Also at these locations, it was difficult to separate the pacing 

artifact from the atrial activities, using bipolar electrograms alone, since the artifact and the activities overlap being so 

close to each other. Therefore, to get the LAT near the stimulus point it is important to combine the unipolar and bipolar 

activities analysis to get LAT at these locations.  

 

The purpose of this study was to concentrate on the locations close to the pacing points for LAT calculation. In order to 

avoid ambiguity and have a clear insight into the local myocardium near the pacing site, it is better to have both the 

unipolar as well as bipolar information. 
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Synchronization is defined as the adjustment of oscillatory rhythms due to a weak interaction. In neuroscience, 

synchronization is used to study large groups of neurons as a mechanism for neural information processing and for 

communication between different brain areas. Schizophrenia is a severe mental disorder that provokes disturbances in 

thoughts, affects and perception of the subjects, with approximately a 20% reduced life expectancy. 

The aim of this study was to investigate the synchronization between different brain areas within the gamma, delta, theta, 

alpha and beta bands in schizophrenic patients (SZO; N=17, 37.5±10.4 years, 15 male) in comparison to healthy subjects 

(CON; N=21, 36.7±13.4 years, 15 male) applying the phase locking value method (PLV) under relaxing conditions 

without any stimulation. We found significant differences between SZO and CON in different areas in the theta, alpha1, 

beta2 and gamma bands. These areas are related to the central and parietal lobes for the theta band, the parietal lobe for 

the alpha1, the parietal and frontal for the beta2 and the frontal-central for the gamma band. PLV were 61.7% higher on 

average in SZO in most of the areas. For CON in one cluster (parietal-occipital) PLV was higher (32.5%) for the beta2 

band. The concerned brain areas are directly related to cognition skills which are proved to be impaired in SZO.  

In conclusion phase synchronization impairments could be detected in schizophrenic patients. For the first time such a 

method was applied under resting conditions and without any stimulation leading to a lesser stress for the patients. 
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The problem of recovering an unknown periodic signal from a noisy recording often occurs in science and engineering. 

Here we present an algorithm that solves this ambitious task in a simple and efficient manner. 

The basic algorithm is as follows. Let 𝑥(𝑛) = ∑ 𝑠(𝑛 + 𝑘𝑃) + 𝜀(𝑛)𝜈−1
𝑘=0 , 𝑛 = 0, … , 𝜈𝑃 − 1, 𝜈 = 2𝑅, 𝑅 ∈ ℕ > 1, be the 

recorded signal, where 𝑠(𝑛) is the sought periodically repeated signal of length 𝑃𝑠 ≤ 𝑃 ∈ ℕ, 𝜀(𝑛) is the noise. However, 

an estimate of the repetition period 𝑃 can be obtained by using the autocovariance function of  𝑥(𝑛), i.e. 𝑃 =
|arg max𝑚≠0 𝑥(𝑛) ⋆ 𝑥(𝑛 + 𝑚)|. The next step is to devide 𝑥(𝑛) in two parts: 𝑥−(𝑛) = 𝑥(𝑛), 0 ≤ 𝑛 ≤ 𝜈𝑃 2⁄ − 1, and 

𝑥+(𝑛 − 𝜈𝑃 ⁄ 2) = 𝑥(𝑛), 𝜈𝑃 2⁄ ≤ 𝑛 ≤ 𝜈𝑃 − 1. 𝜏 = arg max𝑚 𝑥−(𝑛) ⋆ 𝑥+(𝑛 + 𝑚)  is an estimation to shift  𝑥+(𝑛) thus 

that  𝑥(1)(𝑛) = (𝑥−(𝑛) + 𝑥+(𝑛 + 𝜏)) 2⁄  is obtained. Repeating this step, which is a divide, shift and averaging process, 

finally leads to 𝑥(𝑅)(𝑛) which contains a denoised estimate of 𝑠(𝑛). Due to its decrease and conquer structure the 

algorithm requires only 𝑅 steps to find a periodically repeated and unknown signal 𝑠(𝑛) in a noisy sequence of length 

2𝑅𝑃. Note that for large 𝑅 the computation of the covariance functions in temporal domain can be much faster than using 

fast Fourier transformation approaches, because only about 2𝑃 but not 2𝑅+1𝑃 shifts or covariance values have to be 

considered for the first step. The implementation of the algorithm is straight forward. However, the algorithm is able to 

recover periodic signals in extremely noisy recordings, provided that sufficient long recordings and quite exact 

periodicities are given. 

We have introduced a novel method to recover an unknown periodic signal in a noisy recording. The algorithm is fast 

and easy to implement. We will present some data concerning its application to biomedical signals and will discuss some 

of its properties. A more detailed analysis concerning mathematical presuppositions, implementation, algorithm’s 

reconstruction quality and extensions will be addressed in future publications. 
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The ambition to predict epileptic seizures by an automatic warning system for improving the quality of life of the affected 

persons has been intensively addressed since several decades. The aim of this work is to make a contribution in finding a 

reliable and to as many patients as possible applicable prediction measure.  

Cellular Nonlinear Networks (CNN) were introduced by Chua and Yang in 1988 and later extended to an inherently 

parallel processing framework called the CNN Universal Machine (CNN-UM). Its high computing power combined with 

low power consumption and realizable miniaturized construction make it a mighty tool for an implantable and 

transportable seizure warning device.  

In previous work the prediction error – as the difference of the original EEG signal and its emulated, by CNN modeled 

signal – was investigated as possible prediction measure. Improvements of sensitivity and specificity were reached by the 

extension of level-crossing behavior analysis where the mean level-crossing time and the mean level crossing rate were 

investigated. But this post-processing method still not led to sufficient satisfying results for several patients. However, 

histograms showing the number of specified level-crossing time intervals exhibit distinct differences between seizure free 

and pre-seizure intervals.  

In this paper a generalized signal prediction error analysis will be presented based on changes of the distribution of level-

crossing time intervals. Obtained results are assessed by receiver operator characteristic (ROC) and surrogate analysis. 

The results are compared to those of previous CNN – level-crossing behavior analysis combined - methods. 
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Transthoracic impedance cardiography (ICG) is a non-invasive method for determination of hemodynamic parameters. 

The basic principle of transthoracic ICG is the measurement of electrical conductivity of the thorax over the time. The 

aim of the study was the analysis of hemodynamic parameters from healthy individuals and the evaluation of various 

hemodynamic monitoring devices. Fourteen men (mean age 25 ± 4.59 years) and twelve women (mean age 24 ± 3.5 

years) were measured during the cardiovascular engineering laboratory at Offenburg University of Applied Sciences, 

Offenburg, Germany. The ICG recordings were measured with the devices CardioScreen 1000, CardioScreen 2000 and 

TensoScreen with the corresponding Software Cardiovascular Lab 2.5 (Medis Medizinische Messtechnik GmbH, 

Illmenau, Germany). In order to create identical frame conditions, all measurements were recorded in the same position 

and for the same duration. Various positions were simulated from horizontal lying position to vertical standing position. 

Altogether, more than 30 hemodynamic parameters were measured. The mean cardiac output was 6.61 ± 0.24 l/min in 

men and 6.75 ± 0.49 l/min in women. The mean stroke volume amounts 107.50 ± 8.73 ml in men and 95.07 ± 6.66 ml in 

women. The 63.00 ± 4.63 bpm mean heart rate of men was lower than the 72.66 ± 4.97 bpm mean heart rate of women. 

The measurement differs from CardioScreen 1000 to CardioScreen 2000 about 1.55 % and 2.10 % to TensoScreen. 

Hemodynamic parameters depend heavily on sex, size, weight, muscle mass, fitness level and body position. Comparing 

the sexes, further parameter show almost identical values. The quality of the recorded hemodynamic parameters was 

limited by muscle movements and by the quality as well as the position of the electrodes. Monitoring devices differ in 

expenditure of time as well as in handling. The measured hemodynamic parameters of different monitoring devices show 

almost identical values. 
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A commonly used method to analyze neuronal activity is to perform extracellular recordings with multi-channel micro-

electrodes, like tetrodes or heptodes. This kind of recording offers a high spatio-temporal resolution of action potential 

signals in the vicinity of the electrode. Currently, we are developing signal based algorithms to estimate the positions of 

neuronal sources in an ideal homogeneous electrolytic environment on the basis of noisy neuronal action potential           

amplitudes. Here we report on the development of various possible neuronal source propagation models and on a            

supplement to the position estimation algorithm to democratically estimate the neuronal source’s position in virtue of a 

majority decision. 

The estimation procedure depends on a non-linear inverse approximation of unknown neuronal source parameters of a 

neuronal point source model type as a global minimum optimization task. Note: the complexity of the neuronal source 

model affects the minimum number of recording electrode channels. Here we present the results of the estimation 

algorithm with random arranged electrode channel configuration. 

Anyway, the estimation procedure leads to local optima beside the global optimum, i.e. an ambiguity problem, resulting 

in outlier occurrences. Therefor we let the algorithm estimate the source´s parameters a plenty of times and let each result 

democratically vote for the global optimum just as a majority decision. The cluster or rather the cluster center with the 

membership majority is assumed to represent the global optimum of the estimated source parameters according to a 

subtractive clustering procedure for outlier rejection. 

However, the algorithm’s democratic principle, which bases on subtractive clustering, achieves considerable estimation 

results and might be a powerful approach to solve inverse ambiguity problems, e.g. to estimate position and properties of 

neuronal sources. Future work will focus on improved respectively more robust non-linear inverse approximation              

algorithms concerning outlier occurrence and on statistical evaluations of the algorithm’s properties. 
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Introduction 

The recently proposed phase based video motion processing algorithm (PBA) can be potentially used in many biomedical 

applications. In this work, we evaluate its performance in the context of a digital biofeedback mirror supporting patients 

with unilateral facial nerve paresis (FNP) by capturing and displaying a patient's face with magnified motion on the 

paralysed side to increase the patient's motivation for performing therapeutic exercises (e.g lip raising). 

 

Methods 

A C++ PBA implementation was developed and executed on a tablet computer. Performance improvements were achieved 

by selecting a less overcomplete Complex Steerable Pyramid (CSP) than used in the reference implementation and by 

introducing a region of interest to limit the area where motion magnification is performed. Furthermore, parallelization 

of the frame decomposition and optimized memory management was introduced.   

Additionally, a method for quantitative measurement of the motion magnitude was developed to enable tracking of 

exercise progress over time.  

 

Results 

Videos processed with the optimized PBA and the reference implementation were compared and processing time, as well 

as memory consumption, were evaluated using three different input sequences (320 frames; 320x400, 768x960, 

1536x1920 pixels; 24 Bit RGB). Computed videos showed similar magnification and our implementation improved run-

time (26-80%) and reduced memory consumption (94-97%). 

An initial experiment with a patient suffering from FNP was performed. We observed real-time feasibility (30 frames-

per-second), a realistic magnification of the paralysed side of the face and the results of the motion quantification 

algorithm exhibited a high correlation to the visually observable motion magnitude. We also observed a high degree of 

acceptance and motivation to continue exercising. 

 

Conclusion 

The results of this work suggest the technical feasibility of the PBA for motion magnification in the context of a real-time 

biofeedback mirror application. Initial tests have started, but a comprehensive study is needed to assess practical 

feasibility and acceptability. 
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The study of muscle fatigue using surface electromyography (sEMG) signals is gaining importance in many fields such 

as clinical rehabilitation, wearables, control of prosthetics, ergonomics and sports medicine. These signals are highly 

nonstationary, nonlinear and exhibit multifractal characteristics. Hence, it is more appropriate to analyze sEMG signals 

with nonlinear techniques such as entropy, correlation dimension, fractal and multifractal dimension, Lyapunov exponent 

and recurrence quantification. The comparison of nonlinear features extracted from sEMG signals under dynamic 

fatiguing conditions has not been clearly established in literature. In this study, an attempt has been made to compare the 

nonlinear features of sEMG signals recorded from biceps brachii muscles under dynamic contraction, and classify them 

into nonfatigue and fatigue. For this purpose, signals were recorded from 58 healthy age-matched subjects while 

performing standard curl exercise until fatigue. The first and last curl segments were considered as nonfatigue and fatigue 

conditions, respectively. Sixteen nonlinear features based on monofractal dimension (Higuchi, Katz), multifractal 

detrended moving average algorithm (MFDMA), recurrence analysis, entropy (sample, spectral, Kolmogorov) were 

extracted from both conditions. The precondition for a computationally efficient and high accuracy classification is to 

select an informative but small size feature set. Hence, ant colony optimization (ACO) based meta-heuristic feature 

selection is proposed, and further subjected to Naïve Bayes, k-nearest neighbour, logistic regression (LR) and support 

vector machine (SVM) classifiers. The results show that all the twelve nonlinear features are highly significant in 

nonfatigue and fatigue conditions. Based on ACO analysis, six relevant features are selected. Most of the selected features 

are based on multifractal algorithm. The average classification accuracy with feature set of entropy, recurrence 

quantification, monofractal and multifractal features have found to be 77%, 87%, 83% and 90%, respectively across the 

classifiers. The highest classification accuracy of 91% has been achieved with MFDMA feature set and SVM classifier. 

This study demonstrated that the proposed MFDMA feature set is useful for sEMG signal analysis, and this work can be 

extended to detect onset of muscle fatigue in varied normal and neuromuscular conditions. 
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Stress is a mental disorder which is characterized by loss-of-interest, sadness, tiredness and loss of concentration. It is 

reported that nearly 350 million people in the world are suffering from stress disorders. Analysis of stress is carried out 

using ECG, EEG and clinical examination. Analysis of EDA signals is another widely used technique to characterise 

various stress states. EDA is a non-invasive technique that records the skin conductivity of emotional sweating. EDA 

signals are nonstationary, nonlinear and are subject dependent. In this work, an attempt has been made to differentiate 

various stress states using EDA signals and wavelet transform. For this purpose, signals are obtained from a publicly 

available stress recognition in automobile driver’s stress database. This database consists of EDA signals of sixteen 

subjects that are concomitant with two different stress state namely, normal and stress. These signals are pre-processed 

and subjected to Daubecheis mother wavelet function. The features such as root means square, clearance factor and peak-

to-peak conductance value are extracted from the approximation coefficients. These features are used for classification 

using Multilayer Perceptron (MLP), k-Nearest Neighbour (kNN), Adaptive Boosting (AdaBoost), and Naïve Bayes (NB). 

The result show that Daubecheis mother wavelet function based features are able to differentiate these different stress 

states. The extracted features such as root mean square and clearance factor are found to be higher in high stress state. 

Further, it is also observed that the peak-to-peak conductance value is higher for normal state.  The MLP is found to be 

the most accurate in classifying the features, with a maximum accuracy of over 86% compared to k-NN, Adaboost and 

NB classifiers. Thus, it appears that the proposed approach can be used to differentiate normal and stress states. 

Keyword: Stress state analysis, skin conductance, Electrodermal Activity signals, nonstationary, wavelet transform. 
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Implantable rotary blood pumps (RBPs) are used to support the failing heart until cardiac transplantation or even for life 

time. Due to increasing number of implantations and improved survival, management and diagnostics of outpatients 

represents a challenge for the immediate future. In contrast to other implantable active devices, RBPs do not currently 

allow beat-to-beat monitoring of hemodynamic variables, neither adapt their operation to the patient needs. This work 

presents algorithms and hardware that allow 24/7 monitoring of patients with implantable RBPs. 

Methods were developed for sensorless estimation of hemodynamic data and patient activity using only pump motor 

speed, current and accelerometer data. System identification, feature engineering, and discriminant analysis techniques 

allowed estimation of pump flow-rate, heart rate and arrhythmia patterns, ventricular contractile/relaxation properties, 

ventricular filling, aortic valve opening, as well as minutes of daily physical activity. A pump data-logger device and the 

developed methods are currently under evaluation in world-wide first clinical study. 

In the ongoing study >4000 patient-days were recorded from the post-operative course in 33 patients (age 58.7±12.0, 

male gender 85%). Data show, for the first time in the out-of-hospital setting, the occurrence of potentially life-threatening 

events such as arrhythmia, chronotropic incompetence, overpumping related to poor fluid balance, deterioration of the 

assisted cardiac function. In some cases this information supported differential diagnosis of clinical problems. Data also 

provide novel information about the physiology of circadian rhythms, the response to exercise or to daily activity in 

patients with assisted circulation. 

With the developed methods it is now possible to monitor the post-operative course of the assisted hemodynamics and to 

identify adverse heart/RBP interactions. We expect that this will lead to the anticipation of adverse events and to an 

improvement of care. When combined with tele-monitoring and automatic risk-assessment tools, the proposed methods 

will also reduce the clinical diagnostic burden. 
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The greatest disadvantages of all currently approved heart valve prothesis are the lack of self-repating mechanisms and 

the inability to grow, especially disadvantageous for young patients who will need to undergo repeated operations. Tissue-

engineered heart valves have the potential to overcome these limitations. However the mechanical properties of tissue-

engineered heart valves still need to be improved to enable their implantation in the high pressure system. 

Here we show that textile reinforcement of fibrin-based scaffolds results in heart valves suitable for the systemic 

circulation conditions. This was achieved by applying electrospun PLGA nonwovens with load-oriented PLDL 

multifilaments as reinforcement for cell-seeded fibrin gel scaffolds. The concept was applied to two different types of 

tissue-engineered heart valves: i) with a 3D geometry reproducing the native aortice valve and ii) based on a tubular 

leaflet concept. For the first valve leaflets were prepared by first placing the single multifilament fibres on a template and 

fixing them via direct electrospinning. They were afterwards moulded into a fibrin valve. For the second approach a 

cylindrical collector was used to produce one layer of electrospun PLGA nonwoven. Subsequently PLDL multifilaments 

were placed in a load-oriented arrangement on the collector and covered with a second layer of PLGA.  

First prototypes of both fibre-reinforced heart valve scaffolds (n=3 for each kind) could be successfully produced and 

cultivated in bioreactors for three weeks. The valves were successfully tested under aortic flow and pressure conditions 

in a mock-circulation system according to ISO standards. Tissue analysis included immunohistochemistry, biochemical 

assays, tensile tests and burst strength measurements. The results show the potential of heart valves with load-oriented 

fibre reinforcement to be implanted in the aortic position.  
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Introduction 

To prevent mechanical failure, DIN EN ISO 25539-2 and FDA guideline 1545 recommend durability testing exposing 

stents to physiological cyclic loads for a 10 year equivalent. For accelerated testing, the simulated deformation shall be 

comparable to physiological in-vivo deformation. However, radial deformation performance of stents may depend on 

measurement position along the longitudinal axis. The investigation will lead to a better understanding of loading for 

fatigue testing and potential failure modes of stents. 

Methods 

The dynamic radial deformation is determined as a function of the longitudinal position at five different nitinol carotis 

stents. They represent various design concepts (evenly distributed open cell or mixed open and closed cell designs, 

constant or variable strut width). The stents are implanted in polyurethane tubes and exposed to physiologically relevant 

pressure (50 ± 40mmHg) at test frequencies from 1 to 100 Hz. Deformation is detected with a CCD-line camera setup 

(RAL 8192-12GM, Basler). Static radial deformation is confirmed by laser scanning (ODAC 64XY, Zumbach) in 

unloaded and loaded state (0 mmHg, 90 mmHg). In addition, geometrical dimensions (strut width and thickness, side 

branch access) are measured (calibrated light microscopy, Olympus SZX16).  

Results 

Strut width ranged from 55 to 108 µm. Wall thickness varies from 137 to 186 µm. Static and dynamic radial deformation 

data are presented and discussed with respect to design and geometrical dimensions. The measured radial deformation 

depends measurable on design parameters. For one test stent, maximal amplitudes from 1139 to 2178 µm were measured 

along its longitudinal axis at 1 Hz. For frequencies from 10 to 100 Hz amplitudes from 42 to 450 µm were detected. Static 

as well as dynamic diameter deformation corresponds at low frequencies of loading. Loading with frequencies up to 

100 Hz yields frequency dependent deformation including resonance effects that are also influenced by the stent design.  

Conclusion 

For accelerated fatigue testing the load dependent diameter change has to be measured for each stent type and 

configuration. Due to complex structures, varying local strength and resonance effects, the diameter change may vary 

over the stent length. These effects have to be considered for test adjustment and failure analyses. 
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Contemporary cardiac pacemakers are powered by primary batteries, featuring a limited energy storage. Thus, these 

devices need to be replaced after a few years due to battery depletion, causing costs and exposing patients to a risk of 

complications. To overcome this limitation, pacemakers without primary batteries are desirable. We recently introduced 

a subcoutaneously implantable pacemaker that is powered by solar cells. Although covered by a skin layer, the implanted 

solar cells generate power, since a significant part of the light penetrates the skin. To investigate the real-life feasibility 

of such an implant and assess the influence of other factors such as weather or human behaviour, we established a study 

to determine the solar cell’s power output. 

 

A wearable irradiation measurement device that continuously measures the output power of the solar cells (3 cells in 

series, KXOB22-12X1L, IXYS, USA; active cell area = 3.6 cm2) was developed. The solar cells are covered by two 

optical filters to mimic the optical properties of human skin. For 6 months, 32 study participants (13 female, 19 male) 

wore the device during their daily routine. Predominant weather and activity was described using a questionnaire for 

every day (608 days in total). 

 

The measured mean power was 105 ± 130 μW for summer (July-August), 66 ± 111 μW for autumn (September-October) 

and 27 ± 49 μW for winter (November-December). No statistically significant difference was observed between males and 

females. Output power was higher when the people were predominantly outside (mean power over 6 months: 182 μW 

outside vs. 45 μW inside, p<0.001). 

 

For every season, mean power is sufficient to power a pacemaker (power consumption ~10 μW). To increase safety, the 

implant features a rechargeable battery, which stores the surplus of the generated power. Thus, operation is ensured even 

during longer periods of darkness. 
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One of the most frequently applied systems for dynamic in vitro hemocompatibility testing of materials and cardiovascular 

implants is the CHANDLER-loop. Within this pumpless device, flow is induced by rotation of a closed loop of tubing, 

partially filled with blood. All parameters used to quantify hemocompatibility are influenced by flow conditions in the 

testing system, especially by wall shear stress.  

However, little is known about the flow conditions within the CHANDLER-loop. There is no consensus about which aspects 

have to be taken into account and none of the suggested flow models has been validated to date.  

Here, we propose a method to calculate mean wall shear stress in the CHANDLER-loop from the relative liquid level 

difference that occurs in operation of the system. The equations published up to now were evaluated for the first time 

against experimental data. We were able to show in particular that the surface tension of the fluid needs to be considered, 

while the curvature of the tube ring had no traceable effect on near-wall flow conditions. An extended model equation 

was established and calibrated with experimental data. Results remained stable for geometrical variations, i.e. tube radius, 

loop radius and changes in fluid volume up to mean flow velocities of 500 mm/s. 

The extended model equation was successfully applied to experiments with whole blood and proved to be a valuable tool 

to calculate viscosity as well as mean wall shear stress directly from the relative liquid level difference. This allows 

designing in vitro experiments with CHANDLER-loop systems that emulate physiological wall shear stress conditions at 

the implantation site regardless of the tube radius, loop radius and fluid content of the test system. 
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Reconstructive surgery is a conventional treatment of coronary artery disease and peripheral artery disease. Autologous 

veins and arteries are widely used as the grafts; however, a significant number of the patients does not have suitable veins 

or arteries. Long-term patency of synthetic grafts is discouraging in small-caliber (< 6 mm diameter) applications. A 

reason for this is a low blood flow in small-diameter vessels resulting in an intimal hyperplasia and/or thrombus formation 

at the anastomotic site. However, tissue-engineered biodegradable vascular grafts are able to recruit endothelial progenitor 

cells which gradually form endothelial cell monolayer; this prevents thrombus formation and intimal hyperplasia. To 

improve endothelialization of biodegradable grafts, they are biofunctionalized with growth factors or bioactive peptides.  

Here we compared two approaches for the biofunctionalization of biodegradable vascular grafts prepared from poly(3-

hydroxybutyrate-co-3-hydroxyvalerate/polycaprolactone: incorporation of vascular endothelial growth factor (VEGF) 

and immobilization of arginine-glycine-aspartic acid (RGD)-containing peptides. We performed morphological 

assessment, evaluation of physico-mechanical properties and in vivo implantation of the grafts using a rat abdominal aorta 

replacement model. Scanning electron microscopy revealed that grafts with VEGF had significantly lower mean fiber 

diameter and mean pore area compared to the grafts with RGD peptides. Therefore, morphology of the grafts with VEGF 

was more similar to extracellular matrix. Likewise, elasticity, stiffness, and stress-strain curve of the grafts with VEGF 

were more similar to those of internal mammary artery compared to the grafts with RGD peptides. Six months 

postimplantation, three-fourths of vascular grafts with VEGF but only half of RGD modified grafts were completely 

patent and were covered with CD31-positive endothelial cells. We conclude that modification of biodegradable small-

diameter vascular grafts with VEGF has an advantage over modification with RGD peptides.  

This research was funded by Russian Science Foundation (project № 14-25-00050) and was performed in Research 

Institute for Complex Issues of Cardiovascular Diseases.  
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The hemodynamic performance, thrombogenicity and durability of aortic valve prostheses is suspected to depend on the 

morphology and biomechanics of the aortic root. In order to precisely study and quantify these effects, we developed 

methods to fabricate patient-specific aortic root phantoms for in vitro hemodynamic testing of prosthetic aortic valves. 

Next to specific morphologies, these phantoms can model different biomechanical properties of the aortic wall. 

Furthermore, they are transparent to provide optical access for the study of the valve kinematics and the flow field. 

To this end, 3D computer models of the aortic root (negative) were created using patient-specific data acquired from CT 

or MR-images of patients. Negative models were then 3D-printed from these computer models. Finally, transparent aortic 

root phantoms were fabricated by either silicone casting or by applying the silicone layer-by-layer to the negative model. 

By varying the wall thickness different biomechanical properties were achieved.  

Various aortic root phantoms were tested in left heart simulators under pulsatile flow conditions. We measured 

hemodynamic parameters (flow rate and pressure) and used a tomographic particle imaging velocimetry (tomo-PIV) setup 

to study the effect of root morphology on the aortic valve flow. A high-speed camera was used to measure the opening 

and closing characteristics of prosthetic aortic valves. To assess the distensibility of the compliant phantoms, we measured 

the change in diameter of the phantom’s ascending aorta during the heartbeat. The measured distensibilities ranged from 

0.1 %/mmHg to 1.5 %/mmHg spanning the full range of physiological distensibilities reported from age 40 to 70 years.  

In summary, the presented patient-specific aortic root phantoms can be used in a variety of in vitro hemodynamic valve 

testing facilities. They allow for patient-specific compliance and morphology as well as for optical access to the aortic 

valve kinematics and the flow field.  
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Right heart dysfunction, resulted from post-cardiotomy or pulmonary hypertension, has a poor prognosis and is associated 

with a high mortality rate. The occurrence of post-operative right heart failure may develop in more than 40 % of patients 

undergoing implantation of a left ventricular assist device (LVAD) and cardiac transplantation. 

To date, LVADs have become accepted as a therapeutic solution for end-stage patients when a donor heart is not yet 

available. However, right ventricular assistance is still in the early phase of development when compared to LVAD 

technology. Most commercially available right ventricular assist devices are extracorporeal and only available for short-

term use because they are associated with complications such as poor blood compatibility, high infection rates, need for 

anticoagulation, need for a prolonged hospital stay and reduced quality of life. 

The aim of the MIRVAD-project, funded by the ERS Boost Fund of RWTH University, is a minimally invasive right 

ventricular assist device for short/midterm use to overcome the above mentioned limitations. In order to place the device 

in the pulmonary artery in minimally invasive surgery, the device should be bendable during implantation. Therefore, the 

diameter is limited to 12 Fr on the one hand. On the other hand the required pump capacity of up to 4 l/min can only be 

ensured with large blades. Consequently, the blades of the right ventricular assist device need to be foldable. 

Within this presentation, the conception according to VDI 2221 as well as the initial manufacture results of the blade 

prototypes based on the US patent 6.533.716 B1 “Self-deploying axial-flow pump introduced intravascularly for 

temporary cardiac support” will be shown. 
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Continuous monitoring of physiological parameters in cardiovascular areas allows early detection of critical conditions 

which may lead to clinical symptoms and hospitalization. Thereby early diagnostics, optimization of therapy and 

reduction of costs can be achieved. This abstract presents the concept of an implantable multi sensor system that utilizes, 

amongst others, a highly miniaturized capacitive pressure sensor and acceleration sensor. In medical applications it is 

recommended to achieve high-precision pressure measurements, e.g. for controlling of haemodynamic in pulmonary 

artery. The approach of a multi sensor system enables parallel monitoring of side effects. The patient’s position is detected 

by the acceleration sensor which is developed at Fraunhofer ENAS. Further information about temperature or energy 

level deviations are used for the correction of measured pressure values. 

The core element of the implantable multi sensor system is a multi-functional Application Specific Integrated Circuit 

(ASIC), developed at Fraunhofer IMS, which is able to handle all measurements but also power management and 

communication. The complete system operates without any integrated energy sources and is simulated and designed to 

achieve low power consumption for telemetric operation distances up to 15 cm. The communication is according to the 

international standard for passive RFID item level identification for air interface communications at 13.56 MHz (ISO/IEC 

18000-3). The required antenna is embedded within the circuit board. 

However, ensuring long-term stability, biocompatibility and integrity of implantable systems is necessary. The 

implementation requires new technologies and material combinations to fulfill these specifications. Most implantable and 

medically approved systems are encapsulated by materials like titanium or precious metals which lead to limitations 

regarding further miniaturization. The encapsulation should furthermore show suitable pressure transmission properties. 

These requirements can be achieved by a nanometer scale 3d-passivation of the sensor elements by Atomic Layer 

Deposition (ALD). Thus, hermetic sealing and high conformity is achieved.  
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Cardiovascular diseases are the most common cause of death in developed countries, such as Germany. Today, various 

synthetic vascular grafts to treat diseased segments of the arterial system are available on the market. Despite continuous 

progress in research, all commercially available vascular prostheses with a diameter less than 6 mm show low long term 

patency rates. One of the causes often mentioned in literature is the compliance mismatch between the vascular graft and 

the native vessel.  

At the Institut für Textiltechnik of RWTH Aachen University a textile vascular graft is developed, incorporating for the 

first time material and structural elasticity in order to model the stress-strain behaviour of native vessels. For this purpose, 

elastic and non-elastic yarns are combined within the fabric by use of warp knitting technology. The aim of the project is 

the development of a small-calibre vascular graft (d ≤ 6 mm) with significantly enhanced compliance properties compared 

to today’s clinical standard ePTFE. 

The validation of the tubular warp knitted fabrics is performed by measuring the compliance properties under 

physiological conditions. The data obtained is compared to the compliance of native vessels and commercially available 

vascular grafts. 

In this presentation the development of a small-calibre vascular graft from the yarn to the final tubular fabric will be 

described, especially focusing on the approach of modelling the stress-strain behaviour of native vessels. This part is 

divided into the development of the processed yarns and the selection of warp knitting parameters. Subsequently, the 

measurement of the compliance properties and the most important results (e.g. compliance, stress-strain behaviour,  

durability) are described and discussed.  

 

  

http://www.dict.cc/englisch-deutsch/subsequently.html
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Percutaneous transcatheter aortic valve prostheses are currently being implantated in a minimal invasive procedure in a 

growing number of otherwise inoperable elderly patients. Attempts are being made to merge this successful technology 

with tissue engineering to enable regenerative treatment options and growth potential, to address younger or even pediatric 

patients in the future. In this context, absorbable stent platforms will be required. In our study, we developed an absorbable 

polymer stent for this application and assessed its mechanical properties. 

A balloon-expandable aortic valve stent was designed using CAD, comprising anchoring structures and a cylindrical part 

to carry the valvular cusps. Dimensions were adapted to the aortic valve size of an infant patient. Prototypes were 

manufactured by laser machining of poly(L-lactide) (PLLA) tubes (I.D. = 9 mm, wall thickness = 300 - 500 µm). Stents 

were balloon-expanded, and tested regarding expansion (recoil, radial force) and crimping behavior at 37°C. 

The valve stents could be expanded to 16.0 mm nominal diameter without rupture. Elastic stent recoil after expansion 

was 2/9/15 % after 0 min, 30 min, and 24 h, respectively. A radial force of up to 2 N was observed at a compression to 

13.5 mm diameter. Stent crimping was feasible up to a diameter of 4.5 mm (15 Fr) nominal diameter. 

This bench test study gives insight into mechanical properties of an absorbable PLLA stent for regenerative transcatheter 

aortic valve replacement. The exhibited radial force of up to 2 N compares to a force range of 4 – 14 N described for 

commercial adult percutaneous aortic valve prostheses. As stent crimping did negatively affect subsequent stent 

expansion, design improvements will be necessary. 
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Meniscal injuries result in the deterioration of the meniscal tissue and articular cartilage. The healing potential of the 

avascular region of the meniscus is limited and no optimal treatment strategy in human and veterinary medicine is 

available. Replacing torn menisci by a tissue-derived 3D meniscus model seems to be a promising strategy. Mesenchy-

mal stem cells (MSC) co-cultured with chondrocytes have been shown to provide a regenerative and trophic environment 

through their chondrogenic differentiation potential, enhanced chondrocyte proliferation and matrix formation. MSC 

under 3D co-culture conditions influenced by meniscal cell (MC) signaling may promote the modelling of meniscal tissue 

accordingly. 

MC were isolated out of an equine meniscus followed by immunohistochemical characterization of typical fibrocartilage 

markers. MSC were isolated directly out of equine bone marrow by gradient centrifugation and characterized by FACS 

analysis of MSC markers (CD44+, CD29+, CD45-, CD14-). The adipogenic, chondrogenic and osteogenic dif-

ferentiation potential were confirmed by histological stainings. Isolation from donor biopsies, in vitro expansion and 

characterization with cell specific markers were successfully achieved for primary MC and MSC. 

To develop a 3D meniscus model, various static co-culture models of MC and MSC were introduced to initiate MSC 

differentiation into fibrochondrocytes. First, MC and MSC were co-cultured on an acellularized porcine-derived jejunum 

segment (SISmuc). As second 3D model, MC and MSC were embedded in a Collagen type I hydrogel. As third approach, 

MC and MSC embedded in the Collagen type I hydrogel were combined with SISmuc. Different ratios of MC to MSC 

were investigated by immunohistochemical analysis and by quantitative GAG/DNA assays. 

Static 3D co-culture models showed high viability and resulted in subsequent differentiation of MSC into MC support-

ing meniscal tissue modeling. Upregulation of MMP2 and MMP9 confirmed matrix remodeling. The here reported study 

suggested co-culture of MSC and MC embedded in a Collagen I gel on SISmuc as suitable biomaterial combination for 

meniscus tissue engineering. Dynamic co-culture of MC and MSC in a vascularized scaffold to build up a functional 

meniscus implant are under investigation. 
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Bone tissue engineering is a promising application for overcoming the drawbacks of current clinical bone replacement 

treatments (e.g. allografts or autografts). However, the success of bone regeneration depends strongly on the 

revascularisation of the bone tissue. For this reason, co-cultures of endothelial cells and human mesenchymal stem cells 

(hMSCs) are of increasing interest. Until now, co-cultures have been grown in the majority in static 2-dimensional (2D) 

cultivation systems. However, the usage of 2D-systems is accompanied by an accumulation of metabolic cell products 

and the formation of nutrient gradients that impair cell expansion and differentiation. Perfusion-based, 3-dimensional 

(3D) bioreactor systems operating with porous scaffolds and oscillating fluid flows have proven themselves to be a 

promising alternative. The flow-induced shear stress in these 3D- cultivation systems may support cell differentiation and 

the formation of vascular structures, as has recently been published. 

In order to find the optimum cultivation conditions for the two cell types in the co-culture, an oscillating fluid flow in a 

porous hydroxyapatite scaffold was simulated (ANSYS Fluent 15.0). For this purpose, a cylinder that represented the 

region of interest (ROI) and included a pipe-like inlet and outlet was considered for the numerical simulations.  

The numerical investigations indicated significantly higher fluid velocities in the smallest scaffold pores (up to 13 mm s-

1) and at the centre of the scaffold. Moreover, a clear dependency between the two different inlet directions was also 

recognizable, which resulted in 20-times higher fluid velocities than at the scaffold inlet. Based on these higher fluid 

velocities, the highest wall shear stresses (up to 0.27 Pa) were predicted at the inlet of the scaffold and at the edges of the 

smaller pores. There was also an obvious reduction in cell growth at these locations in the subsequently performed 

cultivation studies. Our findings demonstrate the importance of shear stress investigations in co-cultivations for the 

purposes of bone tissue engineering. 

 

 

  



 Biomed Tech 2016; 61 (s83) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5007 S83 

 

ID: I-PP-01 

 

Current applications of Spider Silk Scaffolds in Tissue Engineering of Ligament 

and Tendon Tissue using Bioreactor Technology 
 

Frederik Schlottmann, Department of Plastic, Aesthetic, Hand and Reconstructive Surgery, Medical School Hannover, 

Hannover, Germany; schlottmann.frederik@mh-hannover.de 

Kerstin Reimers, Department of Plastic, Aesthetic, Hand and Reconstructive Surgery, Medical School Hannover,  

Hannover, Germany 

Christian Plaass, Department of of Orthopaedics, Foot and Ankle Surgery, Hannover Medical School, Hannover,  

Germany, christian.plaass@ddh-gruppe.de 

Sarah Strauss, Department of Plastic, Aesthetic, Hand and Reconstructive Surgery, Medical School Hannover,  

Hannover, Germany, strauss.sarah@mh-hannover.de 

Vincent Coger, Department of Plastic, Aesthetic, Hand and Reconstructive Surgery, Medical School Hannover,  

Hannover, Germany 

Peter M Vogt, Department of Plastic, Aesthetic, Hand and Reconstructive Surgery, Medical School Hannover,  

Hannover, Germany 

Joern W Kuhbier, Department of Plastic, Aesthetic, Hand and Reconstructive Surgery, Medical School Hannover,  

Hannover, Germany, kuhbier.joern@mh-hannover.de 

 

Damaged ligament or tendon tissue requires either restorative operations or versatile grafts to replace their function. 

However, the ideal of reconstructive surgery would be to replace like with like, therefore tissue engineered tendon grafts 

might play an alternative role in future clinical applications. The aim of this study was to develop tissue engineered tendon 

constructs (TET) based on spider silk scaffolds, collagen type I matrix and adipose derived stem cells (ASC).  

 

Constructs were fabricated using either native dragline silk from Nephila edulis and collagen type I derived from rat tail 

tendons or collagen alone. ASC were isolated from adipose tissue after abdominoplasty surgery with informed consent 

of the patients and ethic committee approval. Prior to seeding of scaffolds with ASC, contraction properties of TET 

containing different numbers of cells were measured to determine the optimum number of cells required. TET were 

cultured for 9 days followed by cyclic stressing for 21 days using a custom built bioreactor to induce mechanical 

differentiation to tenocytes. Unstressed constructs of both types served as controls. After 30 days, the vitality of cells and 

their distribution in the matrix was evaluated via LIVE/DEAD- staining presenting more than 95% of cells as vital as well 

as an orientation along the silk fibers and towards the direction of mechanical stimulation. Further histological and 

immunhistochemical assessments confirmed the cell orientation and tenocyte- like phenotype. Cells in constructs without 

silk showed a more disordered distribution. Finally, biomechanical properties were tested to determine the loading 

capacity of our constructs.  

 

TET engineered in this study represent a promising attempt for tissue engineering of tendinous and ligamentous tissue by 

combining mechanical properties of spider silk scaffolds with the highly proliferative properties of mesenchymal stem 

cells. Nevertheless, further studies are needed to evaluate the future perspective and possible clinical application of our 

constructs.  
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A method to quantify the mass transport through natural convection in carbon dioxide incubators is presented. Such 

incubators are specialized climate chambers usually creating a homogenous atmosphere for optimal cell cultivation. The 

typical cultivation atmosphere consists of up to 20 Vol-% carbon dioxide to regulate pH-level in culture media via a 

buffer, a high relative humidity of over 95 % rH to reduce desiccation of samples, and a homogenous temperature 

distribution of typically 37 °C. The inside of an incubator is designed to be easily kept clean and disinfected to reduce 

danger of contamination by microorganisms. Since cross contamination may also occur through bacteria travelling on 

particles in the air stream many of the state of the art incubators favor natural convection over forced convection as the 

principle to create a homogenous atmosphere. Natural convection in an incubator may be controlled by creating a 

temperature gradient between the side walls of this rectangular enclosure. To optimize the system design for generating 

a homogenous atmosphere knowledge of the resulting effective mass transport induced through the respective temperature 

gradient is necessary.  Investigation by tracer gas injection (e.g. SF6) enables quantification of this mass transport. The 

tracer is injected above the ground plane of the incubator and tracer gasdistribution is continuously monitored at three 

measuring points distributed in the volume of the enclosure. Thereby the resulting mass transport can be characterized 

during steady state operation as well as controlled atmosphere regeneration after door opening. It is also possible to 

investigate the effect of obstructions (e.g. shelves) in the incubation volume or quantifying the amount of exchanged 

atmosphere after the incubator has been opened. This work showed that tracer gas analysis can provide useful data for 

the development of new generation incubators with optimized convective mass transport. 
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Cell-based therapies have become increasingly important in the field of regenerative medicine. A special focus in the 

clinical field is placed on human adipose tissue-derived stromal/stem cells (hASCs). Due to their good clinical efficacy 

and tolerability, they can be used for allogeneic cell therapies. However, the required number of therapeutically active 

hASCs for allogeneic applications is in the range of trillion cells per year. Thus, alternatives to the 2-dimensional planar 

cultivation systems are urgently required. Recent studies have demonstrated that stirred single-use bioreactors in 

combination with microcarriers (MCs) are a promising alternative to the planar cultivation systems. Although adherent 

mammalian cells are well investigated in combination with MCs for the production of vaccines, working with hASCs is 

more complex due to their higher shear sensitivity. This raises the question of how the induced fluid shear stress affects 

the cellular behaviour of hASCs during the cultivation in stirred bioreactors.   

For this purpose, MC-based cell expansions were performed in single-use spinner flasks at different impeller speeds 

below (25, 43 rpm) and above (90 and 120 rpm) the specific suspension criteria Ns1u (49 rpm) and Ns1 (63 rpm) for 

polystyrene-based MCs. Beside the biological investigations, Computational Fluid Dynamics simulations were performed 

in order to predict the velocity gradients and the hydrodynamic forces.  

The results indicated that too low (25 rpm) and too high impeller speeds (120 rpm) result in statistically significant lower 

cell densities (0.81 and 0.25 x 106 cells/mL) compared to those at the suspension criteria (1.25 and 1.11 x 106 cells/mL). 

These lower cell densities can be ascribed to mass transport limitations at low impeller speeds and to too high 

hydrodynamic strains at high impeller speeds. The observations were in good agreement to the metabolic profiles during 

the cultivations. The results highlight the importance of defining acceptable shear stress ranges for MC-based hASC 

expansions, especially when working at higher scales that have a relevance for the production of hASCs at clinically 

relevant numbers.  
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It is well established that NO has a modulatory effect on force production in skeletal muscle under physiological 

conditions. However, the mechanisms underlying the action of NO and how its modulatory effect alters force production 

is unknown. Common issues of animal research, such as ethical problems, high cost of animal housing and limited amount 

of tissue per animal, lead us to design a new strategy using the C2C12 cell line to tissue engineer muscle fibers named 

Myooids. We established Myooids as a new platform replacing animal models to perform simultaneous recordings of 

Ca2+-transients and force production enabling complete molecular and physiological characterization of EC-Coupling. 

C2C12 myoblasts were cultured in PDMS-carved wells flanked by two nylon sutures in DMEM-10 % FBS until 

confluency followed by 7 days in DMEM-2% HS.  Myooid formation was finalized in DMEM with 7% FBS by 

detachment from the well with use of the sutures as tendons. At this stage, the Myooids were electrically stimulated (20V, 

10ms, 1Hz) for one week. The NO-donor SNAP (100µM) and the unspecific NOS blocker L-NAME (5 mM) were used 

to evaluate the effect of NO on simultaneous recordings of calcium and force. Respective recordings were obtained from 

Myooids loaded with Fluo4-AM (10µM, 90min) by electrical stimulation (20V, 10ms, 0.2Hz) in a force transducer 

attached to a fluorescence microscope. Rheobase, chronaxie, force-frequency and fatigue protocols were also recorded 

before Myooids were stored at -80°C for further analyses. Our results suggest that NO negatively modulates force 

production of Myooids via reducing measured biophysical parameters of the calcium transients. Immunoblotting analyses 

showed that the main ECC proteins are present and are modified after one week of stimulation. The next step is to combine 

the Myooid platform with the CRISPR/CAS9 technique to produce dystrophic Myooids, providing a new model for 

Duchenne muscular dystrophy.  
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Bioprinting is one of the emerging scientific fields of the 21st century and has the potential to clearly improve medical 

engineering. In the past one and a half years a new bioprinting platform was developed from scratch in the CANTER 

among the aspects of usability, modularity and cost-effectiveness. More complex parts of the apparatus were fabricated 

by additive manufacturing mainly using the fused deposition modeling technology. The modular design of the stand-

alone device enables the user to choose from different printheads, crosslinking methods and additional components, 

crucial for optimal printing with different cell-laden hydrogels. An integrated functional incubator unit allows 

generation of constructs under culture conditions during the printing process. Decisive parameters therefore are 

temperature, humidity, carbon dioxide and oxygen concentration. Thus, cell-critical parameters are ensured and a broad 

range of cell-laden hydrogels can be used, one can start to print three-dimensional tissue constructs for further 

investigations of structure-function relationships. Initial studies have shown, that critical incubation parameters are 

stable during the printing process. In combination with different printheads, crosslinking methods and culture vessels, a 

large number of tests are possible. The modular design of the platform enables an easy, scientific access to the emerging 

field of bioprinting and at the same time, a fast and efficient development for upcoming requirements is guaranteed. 
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Cells in technical environments demand for proper cultivation conditions. These are defined by physical (e.g. temperature 

and forces on cells), chemical (e.g. pH and availability of nutrients and gases) as well as biological parameters (e.g. cell-

cell- and cell-matrix-interactions). Additionally, cell environments and all system parts have to be biocompatible and 

sterilisable. These cultivation conditions possess a direct impact on cell reactions like differentiation or synthesis of 

specific metabolites. 

To design a cell cultivation system for sophisticated experiments, it is crucial to work biocentered: biological parameters 

determine chemical and physical properties of the technical cultivation environment. The superordinate concept is 

consisting of two tasks. First: vital demands of the cell culture, which depend on cell type and origin, have to be met. For 

instance, mammalian cells require other conditions than microbiologic cell cultures. Second: cultivation parameters have 

to be varied in order to perform a particular task. To determine which parameter has to be fixed or varied in which range 

needs to be assessed regarding the experimental or production process, which is intrinsically tied to biological processes 

of the cell. In this context, altered cultivation conditions act as stimuli provoking cell reactions. 

We present an automated cell cultivation system which is developed under the aforementioned premises. One adjustable 

physical parameter is the cultivation volume, which can be modified regarding experimental requirements. Modular hard- 

and software allow for time- and cost-efficient volume modification. The experimental setup can be converted from 

micro- to bench-scale by exchanging components while the system setup remains applicable across scales. Flexibility of 

this setup is realised via defined inter-modular interfaces. Sensor and actor systems use decentralised control structures 

based on open-source technology. 

Regardless of the system configuration, a biocentered approach is applied. Consideration of the cell’s interaction with its 

physical, chemical and biological microenvironment is pivotal for cultivation and process control. 
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In our work, we aim to create a biomimetic equivalent of naturally occurring Volvox spheres using alginate beads for 

effective and controlled cell co-culturing. These polymeric 3D scaffolds are intended to be used as “culture pods” in 

cardiovascular applications. This strategy would allow us to co-culture two different cell types with varying proliferation 

rates without one cell type overpowering the growth of the other. The beads can be dissolved on demand using sodium 

citrate, releasing the cells for use.  

Alginate microbeads containing Multipotent Stromal Cells (MSCs) (from Callithrix jacchus) were fabricated by 

electrospraying. Sterile 1.5% w/v alginate solution with a cell concentration of 3x106 cells/ml was used and the mean 

diameter of the beads produced was 339 ± 23 µm. These beads were washed, coated with poly-L-lysine, rinsed and then 

incorporated into new alginate solution in the ratio 1:4. This mixture was then electrosprayed to obtain large beads with 

a mean diameter of 1 mm containing an average of six microbeads inside. A viability assay (Calcein AM/Ethidium 

homodimer-1) was carried out and the cells were visualised under a fluorescent microscope. 

The results of the viability assay were positive showing a high cell viability after encapsulation. A proof of concept has 

been established, indicating that there are no adverse effects on the encapsulated cells during the entire fabrication despite 

the application of high voltage (electric field strength more than 3 kV/cm) and processing time (1 h). The sturdy inner 

beads also remained intact, thereby effectively encapsulating the cells. 

The number of inner beads in one large bead can be varied by modifying the voltage and mixing ratio of the final solution. 

The dispersion of the inner beads would prevent the cells from aggregating and forming necrotic centres and also enhance 

mass transfer.  
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Emergency access to the airway with small bore catheters is commonly accepted. However, ventilation is limited by 

insufficient expiratory flow due to the generated high airway resistance. In a controlled in-vivo trial we evaluate a new 

automatic mechanical ventilator with an “Expiratory Ventilation Assistance” (EVA) via a cuffed endotracheal tube having 

an inner diameter of 2 mm. This allows a fully controlled ventilation, i.e. flow controlled inspiration and active expiration 

induced by suctioning. 

Anesthetised pigs (40-51 kg, 7 per group) were either ventilated with a conventional ventilator (Evita 4, Dräger Medical, 

Lübeck, Germany; = control group) or the mechanical EVA-ventilator prototype (Ventinova Medical BV, Eindhoven, 

The Netherlands; = EVA group) for five hours. Respiratory parameters, arterial blood gases (ABG) and hemodynamic 

markers were recorded hourly. After five hours a computed tomography (CT) of the thorax was performed. For statistical 

analyses the Welch’s t-test was performed. 

The EVA-ventilator achieved a minute volume up to 6.2 l/min. Mean airway pressure was significantly higher in the EVA 

group compared to the control group (12.0 ± 0.6 mbar vs. 8.9 ± 0.2 mbar, p=0.0007). Arterial O2 partial pressure was 

significantly higher in the EVA-group (142.6 ± 5.6 mmHg vs. 130.7 ± 3.1 mmHg, p=0.006). Despite a significantly lower 

minute volume in the EVA group (5.5 ± 0.4 l/min vs. 6.7 ± 0.9 l/min, p=0.04), arterial CO2 partial pressure was 

comparable in both groups (41.3 ± 1.6 mmHg vs. 41.5 ± 1.2 mmHg, p=0.83). Mean arterial pressure was significantly 

lower in the EVA group (71 ± 9 mmHg vs. 89 ± 9 mmHg, p=0.02). The CT revealed a more constant and steady 

distribution of ventilation during a breathing cycle in the EVA group.  

Our results suggest that gas exchange is improved due to increased alveolar ventilation with EVA. 
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During mechanical ventilation, tubing systems represent an essential component of the artificial airways. Conventional, 

a circular tubing system comprises two separate tubes one for inspiration and one for expiration, a Y-piece and a 90°-

connector. Since recently, coaxial tubing systems (coaxTS) are available. These coaxTS include the inspiratory tube 

within the expiratory tube’s lumen. By design, this facilitates clinical handling. However, the cross section areas of the 

inspiratory and expiratory tubes are reduced, which may impact resistance to airflow. We hypothesized that coaxTS 

increase resistance to airflow and related work of breathing (WOB) compared to conventional tubing systems. Therefore, 

we determined the flow-dependent pressure gradient (∆P) across a conventional reusable tubing system (crTS; composed 

of two silicone tubes, Y-piece and 90°-connector), a conventional disposable tubing system (cdTS; composed of two 

plastic tubes, Y-piece and 90°-connector) and coaxTS, the latter two from three different manufacturers. Additionally, 

∆P across the isolated 90°-connectors were determined. To test the clinical implications of our findings, the tubing related 

WOB and perception of discomfort of breathing through the different types of tubing systems were investigated in 14 

volunteers. At a representative flow rate of 1.0 L/s coaxTS showed the highest ∆P (5.0±0.1 cmH2O), followed by cdTS 

(1.4±0.1 cmH2O) and crTS (1.3±0.1 cmH2O; two-way ANOVA, p<0.001). ∆P across coaxTS was significantly higher in 

expiration compared to inspiration (p<0.001) and varied between manufacturers (p<0.05). At the same flow rate the 90°-

connector caused up to 40% from ∆P in cdTS but only 8% in crTS, respectively. Additional WOB was up to fourfold 

higher in coaxTS compared to crTS (4.0±2.3 vs. 0.95±0.53 J/min; one-way ANOVA, p<0.0001) and discomfort was rated 

the highest across coaxTS (11 from 14 volunteers). As a result from our study, coaxial tubing systems should be carefully 

considered in patients with pathologically increased airway resistance. 
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According to the World Health Organization, per year 15 million people suffer a stroke worldwide. Of these, 5 million 

are permanently disabled. Currently there are several methods to evaluate upper limb movements on stroke patients; they 

are mostly based on observation by physicians and physiotherapists, whose judgement is influenced by experience and 

subjective impressions.  

This study was done on 16 stroke patients, using a system which is based on four Inertial Measurement Units (IMUs) 

which are composed of accelerometers, gyroscopes, and magnetometers. Each sensor was placed on each segment of the 

patient´s arm, i.e. scapula, arm, forearm, and hand. Every patient was told to perform simple movements with the arm, 

such as “move the hand to the mouth” and “hand to the head” starting from a resting position while they were standing, 

or sitting when requiring a wheelchair. 

Repeated movements were performed continuously between 15 and 20 times, while the data from the IMUs were 

recorded. Afterwards, the data were processed to obtain the orientation of every segment of the arm, given as Euler angles 

in relation to a laboratory coordinate system. 

The Euler angles were run through a Fuzzy Logic algorithm. The resulting values from a specific repetition were 

compared with other repetitions of the same exercise, assigning a score to each repetition based on a final scaled value 

between 0 and 10. Physiotherapists were asked to evaluate the patients´ movements. Comparing their evaluation with the 

proposed methodology, physiotherapists were able to highlight certain characteristics from the movements on a specific 

period of the exercise. In contrast with physiotherapists, Fuzzy algorithm considers and processes what the patient 

performed during the entire exercise. The outcome from the Fuzzy algorithm offered an objective, stable and consistent 

movement evaluation which was independent of the performed task and the analyzed patient. 
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Diabetic patients suffering from a nephropathy are candidates for a hemodialysis treatment which is related with a lower 

survival outcome compared to hemodialysis patients from other underlying diseases. Apart from providing energy by 

oxidation, glucose can also be stored in the organism. Beyond this energetic function, elevated blood glucose levels also 

lead to changes in blood composition. It can be assumed, that rheological changes of blood from hyperglycemic or even 

diabetic patients have a direct impact on the effectiveness of the hemodialysis treatment. The aim of the study is to 

investigate the effects of high blood glucose levels on rheological blood parameters by exposing blood from healthy pigs 

to an in vitro artificial diabetic environment. 

The corpuscular blood components as well as clinically relevant rheological variables were examined in porcine citrate 

blood samples with different glucose concentrations. Purpose-built one-molar glucose solutions were added into blood 

samples in order to reach the required final concentrations (5, 11.11 and 13.88 mmol/L). Hematocrit (Hct) as well as 

thrombocytes concentration (Thr) among others were assessed every 30 min in blood vials held under dynamic conditions 

for up to 3 hours at 37 °C using an automatic hematology system. Clotting time (Clt) was also measured using a 

coagulation system. Normoglycemic samples with native glucose concentration in range from 3.9 to 4.5 mmol/L served 

as control and just remained untreated. 

The samples treated with glucose showed a lower Clt compared to the controls. Clt decreased with increasing glucose 

concentrations. Hematocrit increased with time and increasing glucose concentrations while thrombocytes concentration 

decreased with time and decreasing glucose concentrations. 

Elevated blood glucose levels lead to faster clotting, lower thrombocytes concentration and higher hematocrit. 

Consequently, a disturbed blood flow is expected to negatively affect the effectiveness of dialysis. 
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Photoplethysmograhpy (PPG) is a technique that allows non-invasive monitoring of blood volume dynamics by means 

of optical sensors. It is usually sensed at a finger or the wrist and used for pulse rate, respiratory rate, and even blood 

pressure estimation. The latter is correlated to the pulse wave velocity which can be estimated by means of the pulse 

transit time (PTT), i.e. the time in which a pulse wave passes a certain distance. One approach to determine the PTT is 

measuring the time difference between the electrical stimulation of the heart and the systolic peak amplitude in the PPG 

signal. Another method is solely based on the PPG signal, i.e. on time differences between the maximum systolic and 

diastolic amplitude.  

In recent years, the PPG principle has been utilized by several research groups for camera-based pulse rate detection by 

means of remote PPG (rPPG). That is, blood volume dynamics are estimated on the basis of particular color information 

in consecutive pictures of, e.g., the face. However, rPPG signals are prone to errors due to, e.g., movement and ambient 

light. This usually leads to a poor signal quality. Therefore, none of the available methods to estimate the PTT is actually 

suited for camera-based measurements.  

In this work we present a new method which aims to provide PTT estimation for camera-based applications. It is based 

on the idea to detect rPPG signals in at least two distinct face regions. The PTT between these regions is going to be 

determined by means of cross-correlation. The method is systematically evaluated according to the location of the 

employed regions using experimental data. Our method is the basis for the camera-based detection of blood pressure  

which might open a wide range of medical and home care applications. 
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Remote photoplethysmography (rPPG) is a technique that allows the camera-based detection of blood volume dynamics 

in arteries located in the upper skin layers. It is based on the absorption of characteristic wavelength in visible light caused 

by, e.g., oxygenated hemoglobin. Since the amount of oxygenated blood is modulated by the heart beat rPPG allows, e.g., 

the estimation of the heart frequency only by means of a camera. We utilized this method for the non-invasive 

measurement of several vital parameters in newborns. A major issue for such an application is the automated robust 

detection of regions (ROIs) in which strong signals can be expected, usually the forehead or the cheek. Common 

approaches employ face detection (e.g., according to Viola/Jones) and a subsequent offset-based placement of the ROIs. 

However, this usually require (1) recording from a frontal direction, and (2) opened eyes of the recorded person in order 

to provide stable results.  

We propose an alternative approach that is based on skin detection by means of the hue component in HSV color space 

and an adaptive optimization of skin detection parameters. The hue is particularly suited since it is widely independent 

from the lighting conditions. We further applied edge detection algorithms to identify other skin colored objects close to 

the head, e.g., hands and arms of newborns. Next, the detected skin area is used to estimate the facial region by means of 

fitting an ellipsoid. This is used as a reference to finally place the desired ROIs. 

We applied our method to the rPPG-based detection of the pulse frequency in newborns. We conducted datasets of 30 

healthy newborns at several maternal wards. A Finger-clip based measurement served as reference. Our method provides 

a stable detection of the pulse, even in situations where other face detection based methods provide no results at all. 
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AIIC (Associazione Italiana Ingegneri Clinici) is the Italian Association of Clinical Engineers, it was founded in 1993 in 

Milan to follow two main goals: to spread and advance scientific, technical and organizational knowledge in Clinical 

Engineering (CE) and to represent the professional interests of Clinical Engineers and promote the establishment of CE 

services in health institutions for the governance of medical technologies. 

In the last years the membership has increased exponentially reaching 1610 members in 2016. The members of the 

association not only receive benefits in terms of events, training opportunities, publications but they are also actively 

involved in the realization of projects and initiatives through a growing number of Working Groups that are created by 

the board to address specific issues and can be joined by any member of the association (e.g. International, Young, 

Innovation, HTA, ICT WG). 

Moreover, AIIC promotes Clinical Engineers education through agreements with University partners (Masters in CE and 

other Courses of Specialization).  

AIIC proposed an amendment to a bill relating to the reorganization of healthcare professionals and to other healthcare 

issues. 

In the last years AIIC undertook legislative actions for the recognition of Clinical/Biomedical Engineer figure in Italy.  

AIIC proposed an amendment to the bill relating to the reorganization of healthcare professionals and to other healthcare 

issues. Finally, in February 2016 AIIC amendment was approved in Health Commission in Parliament: it establishes a 

Certified National List of Biomedical and Clinical Engineers, already enrolled in the Professional Association of 

Engineers.  

The association is very active in the international panorama: it is affiliated to IFMBE since 2013 and it was among the 

Organizing Committee of 1st ICEHTMC. AIIC collaborates with WHO and other CE Associations. 

AIIC could be seen as a possible model for Clinical Engineers Associations worldwide regarding membership and 

partnership, both nationally and globally. 
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The reprocessing of low-germ or sterile used medical devices is even potentially risky, although the aim of reprocessing 

is the avoiding of hygienic or technically functional risks. The methodological principles of risk management for medical 

devices are described in the standard DIN EN ISO 14971. The KRINKO-/BfArM-recommendation "Hygiene 

requirements for the reprocessing of medical devices" clarify numerous reprocessing-specific risks and are structured 

with reference to the different steps of reprocessing. A practical combination of the normative risk management 

methodology with the process-oriented KRINKO-/BfArM-recommendation was the aim, which has provided an 

interdisciplinary group of experts moderated by the Association of German Engineers (VDI). The main contents of the 

guideline VDI 5700 "Hazards associated with the reprocessing - Risk Management in the reprocessing of medical devices 

- Measures for risk control" and the process of the development of this guideline is described. 

Keywords: medical devices, reprocessing, hazards, risks, risk reduction 
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Because of the sharp rise in multidrug-resistant germs in hospitals worldwide infection prevention is becoming 

increasingly important. Investigations of the European Society of Clinical Microbiology and Infectious Diseases 

(ECMID) amount a total of 1.8 million cases of nosocomial infections per year in Europe with approximately 180 000 

deaths. Here the bacterial and viral contaminations of surfaces of all kinds play an important role. An improved 

development or processing management in this part of hygienically relevant areas has great potential for preventing 

nosocomial infections for patients and the clinical staff. Especially an effective cleaning and disinfecting concept forms 

a fundamental basis for minimizing the risk of infection and thus patient safety. The legal frameworks in the preparation 

of antimicrobial technologies form the Medical Device Directive of the EU 93/42/EEC, the biocide regulation and the 

FDA.   

Surfaces that are often not smooth or have cavities (e.g. for screws) represent a risk factor in clinical hygiene. Also, there 

are usually operating modules that do not allow for adequate cleaning and disinfection. It is important to deal already in 

the early development stage with topics of patient safety, occupational safety and technical safety, thus an optimum of 

hygiene design is achieved which allows an adequately cleaning and disinfection. Other positive developments in this 

direction are the per se antimicrobial surfaces. These technologies also reduce the bacterial contamination on surfaces 

effectively. 

A microbiological study with contact plates of angiography systems in several hospitals preoperatively and 

postoperatively and after cleaning and disinfecting of the devices exhibited a good efficacy of the applied hygiene 

concepts. The biological contamination at the gadgetry could be reduced or completely eliminated in all tests. The proven 

germs were ubiquitous environmental bacteria with only a few exceptions. The antimicrobial efficacy of coated surfaces 

(protectors for tablets, coatings for medical devices) could be demonstrated by a standardized bacterial reduction test (JIS 

Z 2801) 

 Keywords: medical devices, reprocessing, infection control,  
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Surfaces in health care institutions are ubiquitously colonized with microorganisms. The transfer of microorganisms to 

persons with impaired host defense mechanisms in sensitive areas e.g. hospitals by the hands of the personnel is 

responsible for the dramatic increase of hospital acquired infections. The risk of a hospital acquired infection correlates 

directly with the number of microorganisms on surfaces. In addition, there is a dramatic increase recently in the number 

of multi resistant microorganisms. The development of genuine germ free surfaces is able to reduce the transmission of 

these microorganisms from hospital personnel to patients.  

Inspired by the body’s defense mechanisms (acid coating of the skin), acid surfaces are achieved by incorporation of 2% 

Molybdenum Trioxide (MoO3) Tungsten blue oxide or Zinc Molybdate into composite materials e.g. TPU, PE, PP or 

silicone. The technology prevents adherence of microorganisms on surfaces, blocks proliferation and biofilm formation 

and eventually results in rapid eradication of germs i.e. 108 CFU/ml within less than 3 hours. This technology provides 

antimicrobial activity against a broad range of microorganisms including Gram-positive and Gram-negative germs 

irrespective of their antibiotic resistance, fungi and many viruses. Surfaces are water and alcohol insoluble, the elution of 

these additives is in most instances below the level of detection certainly 100 fold below the allowed maximum 

concentrations. The activity lasts for the lifetime of the product. Lewis acids incorporated in composite materials are 

nontoxic and show excellent biocompatibility. Molybdenum and Zinc are essential trace elements. The product is certified 

by the European commission on biocidal products. 

The additive incorporated into the polymer is heat stabile and does not impair physical properties of e.g. polymers. With 

a newly developed carrier material the additives can be also be sprayed on existing surfaces. Several products endowed 

with this technology i.e. paints and lacquers, cables for cardiac monitoring etc. are already available on the market. Also 

endoscopes – difficult to clean but incriminated in transmission of multi resistant microorganisms - can be endowed with 

antimicrobial activity. The antimicrobial performance is not inactivated by sweat or protein; it does not contain 

nanoparticles or organic biocides. The antimicrobial activity and lack of cytotoxicity toxicity is documented and 

confirmed by accredited laboratories. 

Conclusion: Antimicrobial surfaces can support - in combination with proper hygiene provisions – to reduce the risk of 

health care associated infections substantially. 

 Keywords: medical devices, antimicrobial surface, infection control,  
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In such fields as cleanroom technology for sterile pharmaceutical production, more and more processes are automated 

and placed into isolators in order to fulfil the requirements defined by the Good Manufacturing Practice guidelines (GMP). 

The most flexible automation solution is the usage of a 6 axis robot system. There are plenty industrial 6 axis robot 

systems on the market, but they are mainly built for normal handling operations for example in car manufacturing. Only 

a few robot systems are adapted in order to fulfil the GMP requirements regarding the defined cleanliness level for sterile 

manufacturing processes for particles and microbiological contamination.  

The current GMP guidelines state further, that “…in clean areas, all surfaces should be smooth, imperious and unbroken 

in order to minimize the shredding or accumulation of particles or microorganisms and to permit repeated 

application of cleaning agents and disinfectants where used. The manufacture of sterile products is subject to special 

requirements in order to minimize risks of microbiological contamination, and of particulate or pyrogen 

contamination. ISO 13408-6 states that the used surface materials should be evaluated in regards to the absorption and 

outgas behaviour of decontamination agents such as hydrogen peroxide. 

Based on these requirements, a six axis robot system for pharmaceutical usage was modified and improved regarding 

principal hygienic design recommendations. For the Tested-Device certification, the following parameters were tested: 

Particle emission, Hygienic Design and Cleanability as weak point assessment, chemical and biological resistance of 

exposed material and ab- and desorption behaviour of the exposed material in regards to hydrogen peroxide. 

 
 
  



 Biomed Tech 2016; 61 (s101) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5009 S101 

 

ID: K-OP-06 

 

“Hygiene Optimiertes Design und Aufbereitung von Medizinprodukten" - 

"Design and Reprocessing of Medical devices - how to optimize under hygienic 

aspects?" 
 

Gerhard Kirmse, Director Technical Competence CenterAesculap AG, Tuttlingen, Germany, 

gerhard.kirmse@aesculap.de 

 

Design of medical devices has a multitude of requirements. Especially for those being used during surgical procedures 

hygienic aspects have become more and more important. An overview about today’s common reprocessing methods and 

their success criteria is given. This drives the choice of material, surface coatings and also design criteria. Compromises 

have to be found in regards of other design criteria e. g. in the field of detachable instruments. Extensive disassembly has 

improved hygienic performance but in some cases usability has been jeopardized. An outlook is given which new 

requirements are coming up and which new technologies may help to fulfil them. 

Keywords: medical devices, reprocessing, hazards, risks, risk reduction, optimization 
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In radiotherapy, human respiration causes tumor motion (e.g. lung tumor movement: 10-30 mm). For an effective 

treatment, the irradiated volume needs to be increased to ensure dose coverage of the moving tumor. This volume increase 

leads to an increase in irradiation dose to healthy tissue. Therefore, mitigation of the tumor motion during treatment is 

needed. The robotic treatment couch can compensate the tumor motion by moving the patient in the opposite direction 

during the treatment. This is called couch tracking. The couch is commonly used for static patient positioning, so it is 

optimized for static accuracy, whereas couch tracking demands high dynamic accuracy.  

The couch’s dynamic accuracy is influenced by several factors, such as the maximum speed, the maximum acceleration, 

and the deflection of the couch extension plate, modelled as a cantilever beam. These factors were investigated for the 

Perfect Pitch couch (Varian Medical Systems, USA). The maximum speed and acceleration were measured using internal 

sensors, once with load on the couch and once without. The extension plate’s deflection was investigated for the static 

and the dynamic case with a 21.5 kg load at patient head position using external sensors (Micro Epsilon Messtechnik 

GmbH & Co. KG, Germany).  

The maximal speeds were (with and without load) 20.36±0.13 mm/s and 20.42±0.11 mm/s and the maximal accelerations 

were 48.53±0.84 mm/s2 and 48.24±1.17 mm/s2, respectively. The deflection angle of the couch extension plate was 0.13° 

(2.2 mm/m slope). When dropping the same load onto the same couch position, the deflection’s oscillation period was 

0.14 s. The oscillation decayed after 2 s.  

In conclusion, the couch’s maximal speed is sufficient for most lung tumor trajectories. The dynamic deflection’s 

oscillation period is an order of magnitude smaller than the human respiration period. Therefore, dynamic deflections 

may be neglected in further investigations of couch tracking. 
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The expiration phase during mechanical ventilation is generally passive. Thereby, the mechanical characteristics of the 

(potentially sick) respiratory system determine the temporal course of this process. By contrast, the contolled expiration 

has been demonstrated to be lung protective in the lung injured large animal model [Goebel et al., 2014]. FLEX limits the 

initial expiratory peak flow rate and maintains a decreased flow throughout expiration, thereby prolonging the non-zero 

flow phase with unchanged expiratory time. We have developed a small animal ventilator including the controlled 

expiration. Our animal ventilator is based on a piston pump system, comprising up to 9 mL tidal volume (Vt). The piston 

pumps are driven by a linear motor connected to a servo driver (E1100, LinMot, Spreitenbach, Switzerland). The volume 

courses during inspiration and expiration are controlled by dynamic positioning of the pistons. In contrast to passive 

expiration, the active expiration requires enhanced control of system equilibration to prevent from successive cumulation 

of retained volume (dynamic hyperinflation) or induction of negative airway pressure by continuous overexpiration. 

Therefore, three solenoid valves (Isliker Magnete, Andelfingen, Switzerland) are synchronized to guarantee the wished 

level of positive end-expiratory pressure (PEEP). Changes in the PEEP level are dampened by a pressurized volume 

reservoir, incorporated in the ventilator circuit. A self-programmed Matlab (v2014, The MathWorks, Natick, MA) 

software package is established to control the linear motor and the solenoid valves to enable volume- or pressure-

controlled inspiration, both combined with or without FLEX in expiration. Thus, in principle the software package allows 

applying for any user-defined ventilation profile. Static and dynamic respiratory mechanics can be analysed during 

ventilation of the animals. 
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The amount of instruments and implants increases the more complex surgeries get. Furthermore sometimes the labeling 

is hard to read so it can take more time to find the right piece. Safety and the required time can be improved by using 

different labels for the instruments which also contain additional information. This research is about the development of 

a scanner for the identification of medical instruments and implants in an operating theatre. Identification takes place 

either with autoclavable passive RFID tags or Data Matrix barcodes. To ensure the mobility of the scanner the data gets 

transmitted with a Bluetooth module to a connected device (computer, smartphone etc.). Then an external program 

analyses the transmitted data. Information and picture of the scanned object are displayed at the device display. The use 

of a rechargeable battery replaces an external power unit. The control of the scanner hardware takes place with a built-in 

microcontroller. This controller also connects the both scan modules with the Bluetooth module. The selection of the 

current operating mode (selection of the active scan modules) takes place with the PC program or capacitive buttons 

directly at the instrument scanner. Thereby a single or a continuous scan can be chosen. In medical technology mainly 

Data Matrix codes with a small size are used. The chosen barcode scanner is able to read the smallest code size (5 mil) in 

a distance from 43 to 115 mm. RFID tags placed on or in metal can be read in a distance up to 44 cm depending on the 

structure of the part. The read range is adjustable with the PC program by changing the power of the reader. 

  



 Biomed Tech 2016; 61 (s105) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5009 S105 

 

ID: K-PP-04 

 

Humidification performance of three conventional humidiers under Pulsatile Bi-

Level Ventilation 
 

Stefan Strohmer, Biomedical Engineering, FH Technikum Wien, Wien, Austria, s.strohmer@carlreiner.at 

 

Pulsatile bi-level ventilation offers a promising treatment for patients with acute respiratory distress syndrome and acute 

lung injury in case adequate heating and humidification of respiratory gases is ensured. 

The aim of this work was to investigate the humidification performance of three humidifiers (HumiCare Delta900 passive 

and active and Fisher&Paykel MR850) in combination withpulsatile bi-level ventilation for the first time in a bench test. 

Moreover, their effects onpulsation and water vapour transport during long term ventilation were examined. 

The humidifiers were tested with three different setups applying three different positive inspiratory pressure levels and 

BIAS flows. The humidity and temperature profile was measured at four measurement sites along the artificial airways, 

with and without additiona humidification by a humidifier which was built according to the ISO 9360-1 standard. 

Longterm tests were performed using true patient data. 

The Delta900 did not fulfil the requirements of the American Association of Respiratory Care and the ISO 8185:1997 

(>33mg/l, >34°C) with flow 40l/min PEEP 5mbar and flow 55l/min /PEEP 15mbar. The Delta900 tubing system showed 

the highest pulsation amplitude at the proximal end of the endotracheal tube and the lowest rainout. The MR850 offered 

adequate humidification in every case but with the deficiency of a compliant tubing system. The Delta900 passive cannot 

be recommended because of inadequate humidification at high BIAS flows. The Delta900 active is the most suitable 

humidifier in combination with pulsatile bi-level ventilation because of its high humidification performance, the adequate 

tubing system and the integrated safety features. 
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BIOSPOT is an expert system for the evaluation of radiation plans based on both predefined and user-defined evaluation 

protocols. The evaluation parameters are stored in a rational database called BIOTOP. Physicians and physicists are able 

to build their evaluation protocols by selecting appropriate models and specifying related model parameters for well-

defined endpoints. A literature database is implemented and all user-defined and predefined model parameters are linked 

to specific literature. In this way, the user has immediately access to the referenced literature for further consultation.  

Furthermore, an evaluation protocol is linked to one or more treatment protocols. Treatment protocols may be composed 

of several treatment series utilizing different treatment techniques and fractionation schemes.  All treatment and 

verification protocol related information is anatomical site indexed. This simplifies the navigation through model and 

protocol database. The system provides further a user-friendly treatment calendar tool. 

The evaluation protocols are approved and released for institutional usage within BIOSPOT by an institution expert and 

can be exported and imported from/into the database enabling sharing of expertise. 

 

In BIOSPOT, DICOM RT data (Images, Structures, Plans and Dose) are imported and linked to the selected evaluation 

protocol. BIOSPOT computes Dose Volume Histogram for each structure set. According to the loaded evaluation protocol 

BIOSPOT calculates voxel-based equieffective doses (BED/EQD0 or EQD2) as 3D dose distribution and DVHs, 

Equivalent Uniform Doses (EUD and gEUD) or probabilities for tumor control (TCP) and normal tissue complication 

(NTCP) and overall uncomplicated tumor control probabilities P+ for (a) voxel-responce model, (b) relative seriality 

model, (c) Lyman-Kutcher-Burman model, and (d) parallel architecture model. 

 

BIOSPOT enables an effective comparison of alternative treatment plans and treatment protocols and thus an easier 

clinical decision. Furthermore, BIOSPOT offers the tools for the adjustment of a current patient treatment for changes 

and deviations occurred when compared to the intended scheme. 
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A growing number of sophisticated features are implemented in modern ventilation devices to ensure patients safety and 

to make workload easier for healthcare personals.1 To check and improve the performance of mechanical ventilators and 

their features, the devices have to be regularly tested under defined conditions. A novel respiratory system model was 

developed and evaluated to meet these requirements. The lung model simulates lung mechanics, pulmonary gas exchange, 

respiratory gas conditioning, and lung volumes of a great variety of adult patients. Gas exchange is simulated by delivering 

up to 500 ml/min CO2 into the model to simulate CO2 production and by oxidation of H2 in a miniaturized combustion 

chamber to achieve O2 uptake up to 500 ml/min. CO2 and H2 supply are independently adjustable; thus, various 

respiratory quotients in a range between 0.7 and 1.2 can be simulated. Realistic capnograms can be achieved by means of 

a mixing fan inside the model. Ventilation gases are humidified and warmed as a side effect of combustion. User-defined 

airway resistance from 5 to 50 mbar/l/s and lung compliance from 10 to 120 ml/mbar can be adjusted by means of a 

pressure-controlled linear motor to simulate patients with healthy lungs in addition to patients with restrictive and/or 

obstructive lung diseases. Lung volumes are built by extendable bellows (VT: 100 ml – 2000 ml) and a rigid Plexiglas 

body filled with a defined water level. Water level can be changed by a fluid pump to make FRC adjustable from 500 ml 

to 5000 ml and to simulate lung recruitment and derecruitment.  
No existing lung model can provide such a great variety of adjustable lung parameters in consideration of physiological 

and pathological parameter ranges.2 
 
 
 
 
1Esteban, A., Ferguson, N., Meade, M. Evolution of Mechanical Ventilation in Response to Clinical Research. 

American Journal of Respiratory and Critical Care Medicine 2008, 177: 170-177. 
2Franke, K. Diploma Thesis: Development and realisation of a physical lung model with variable gas exchange 

parameters. Dresden: TU Dresden 2015. 
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Demographic changes, increased life expectancy and associated rise in chronic diseases challenge the public health care 

system. New methods of care with holistic approaches are essential to overcome future financial burdens. In this context 

models are feasible tools to evaluate potential advantages, estimate prospective implications and support decision makers 

in the health care environment. In this work a heart failure model is presented, combining discrete event and agent based 

methodologies. The hybrid setting allows to simulate the process of outpatient as well as inpatient care for integrated care 

concepts such as telemonitoring and disease management programs, focusing on economic and health outcomes based on 

patients’ individual behaviour. To implement the characteristic low degree of abstraction for agent based approaches, a 

significant depth of underlying data is essential. Through cooperations with Austrian health care and health insurance 

providers detailed data from more than 3000 inpatients as well as over 11,000 patients in extramural care over a time span 

of 6.5 years could be assessed and used as the basis for the model structure of the conventional care. Data for integrated 

care concepts were obtained through literature reviews and participations in respective studies. For the inpatient care, cost 

and health estimations are based on the Austrian DRG-system, including length of stay, intensive care and individual 

medical procedures. The outpatient care includes physicians, specialists, outpatient clinics as well as different methods 

of patient transportation. Each patient is represented as an agent in the model, allowing to trace individual characteristics 

such as age, NYHA class, length of stay, medication and individual costs throughout the treatment. The built model 

represents a sophisticated tool to evaluate sustainable solutions for the treatment of heart failure patients and therefore 

serves as a potential basis for decision making in health care. 
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The European Directive 2001/20/EC on Clinical Trials defines an Ethics Committee (EC) as a body consisting of 

healthcare professionals and nonmedical members, whose responsibility is to protect the rights, safety, and wellbeing of 

human subjects involved in a clinical trial.  

In 2013 an Italian national law reorganized Ethics Committees and introduced new standards; EC should have expertise 

not only in medical products but also in medical devices (MDs). Related to these changes, the figure of Clinical Engineer, 

as health technologies expert, and the Medical Devices Expert were introduced.  

The complexity increase of health technologies in clinical trials needs new expertise, skills and methodologies: medical 

devices should not be assessed in the same way as pharmaceuticals, because of technical issues, training, organizational 

impact and clinical context.  

In 2015 San Matteo Hospital EC assessed 270 clinical trials at all. Among these ones about 15% involved a medical 

device. There are two kinds of MDs clinical trials: a medical device may be the object of clinical trials or it may be used 

in a clinical trial of a medical product. 

Clinical Engineers are essential members of Ethics Committees, because they have technical expertise on health 

technologies and at the same time they have the knowledge of the technological and organizational hospital context. 

Furthermore, this figure improves patient safety especially in MDs clinical trials. 
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Regarding the high numbers of nosocomial infections in today’s clinical routine, our team proposes a system to 

automatically detect the need and remember the healthcare professionals to sanitize hands. Our solution consists of a 

Bluetooth beacon for fencing the contaminated areas. Ultra-low-power electronics and optimized algorithms are used to 

conserve energy. A wristband registers entering or leaving a certain area around the patient bed and reminds to sanitize 

after leaving by visual and tactile stimulation. When the medical staff sanitizes its hands, only the wristband next to the 

dispenser receives a message via Bluetooth. At the same time gyroscopic data is collected to record the sanitation process. 

This sanitation detector is based on the same Bluetooth beacon used for fencing contaminated areas. The beacon as well 

as the wristband is completly encased in silicone to ease the sanitation of the whole system. For the purpose of powering 

the system the qi standard is employed. As outcome, data will be collected on the wristbands memory during the work 

shift. This data will contain the information wether the personal has sanitized hands after leaving the contaminated area. 

Furthermore, the data collected by the gyroscope sensor will allow to make a statement whether the personal has sanitized 

hands the proper way. As the central hub of the system the wristband serves a dual purpose. It is collecting sanitation 

information during work shift and it bridges the gap between a central server infrastructure and the beacons. The collected 

data will be used to create statistics for quality management concerning the sanatize performance of the medical staff. 

With the help of this data and the reminder function of our system we can improve sanitizing habits in hospitals. In further 

work we will add some kind of near field sensors to observe contaminations with infectious objects. 
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An effective health technology management is of paramount importance for providing safe, high quality and innovative 

care with the constraint of health-care budgets, safeguarding equity, access and choice principles. An appropriate 

governance of biomedical technologies (BT) requires an integrated information flow providing a common and 

standardized methodology for codification, data collection and inventories management of BT and representing the 

knowledge base for an effective BT planning. In the Nort-West of Italy, in Piedmont Region, a standardized methodology 

for BT regional codification, called CRTB, has been defined to univocally identify BT at regional level, by classifying 

medical fields and specialities, as well as technological classes, models and manufacturers. Starting from codification, 

the information flow, named FITeB, allows to monitor and follow-up, through biannual equipment census, large medical 

equipment (LME), innovative equipment (IE) and widespread technologies (WT) set up in public settings. Data about 

classification, identification, location, age, operating status, ways of acquisition, economic value and maintenance have 

been analytically collected for LME and IE. LME data have been integrated with the information flow for public funding 

management allocated to regional healthcare buildings through the EDISAN-DES-FITeB procedure. The number and 

economic value of WT have been collected. From 2014 FITeB data have been used for the regional planning procedure 

for medical equipment procurement. In 2015 information about 344 LME was collected; LME mean age was 7.8 years 

with a value of €244,430,000. The 291 IE were set up with mean age of 5.4 years and an overall economic value of 

€20,760,000. The WT amounted to 44,350 equipment with a value of €631,640,000. FITeB indicators knowledge 

represents the basis for the BT procurements assessment, defining regional planning by pursuing goals of regional 

coordination, efficiency, improvement in resources allocation, high and optimal performances in terms of clinical 

efficacy. 
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Direct cochlear access (DCA) is a new surgical approach to enable minimal invasive cochlear implantation. It aims at 

replacing the current mastoidectomy by using a robot to drill a tunnel to the middle ear. The trajectory passes at low 

distance of the facial nerve, which is an important risk for the patient. For facial nerve monitoring (FNM) uses electric 

signals to determine correlation of current threshold to electrode to nerve distance. This approach has been proposed to 

increase safety of the procedure, but previous experiments showed that current FNM measurements lacks specificity and 

sensitivity for accurate nerve detection during drilling. Therefore, the goal of this study is to provide an in-vivo 

characterization of the electrical impedance of the mastoid tissue.  

A sheep animal model was used to measure electrical impedance of the deep mastoid bone. Two custom made probes 

were inserted into mastoid bone in up to six predefined pairs of drilling trajectories. The electrical properties of the tissue 

were measured at three frequencies from 10Hz to 1kHz. The resulting impedance measurements could be described by a 

simple electronic circuit composed of a resistor in series with a constant phase element (CPE). Interestingly, the same set 

of parameters could be used to describe the behavior of the CPE for all experimental measurements. The results indicate 

that the measured phase shift could be explained by the impedance at the bone/electrode interface caused by the 

polarization of steel electrodes. Therefore, our results support the hypothesis that the CPE describes polarization and 

electrochemical processes happening at the contact interface. On the other hand, the resistor component of the circuit 

showed a high dependence to the average bone quality and inter-electrode distance. 

In conclusion, a simple model can be used to predict the complex impedance of bone solely based on pre-operative 

imaging. 
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The reconstruction of long bone defects after resection of long bone segments after tumor surgery  or infection are still 

challenging. Two of the most common used techniques to reconstruct defects of long bones are the free fibula transfer 

and the method of segment transportation accompanied by callus distraction. Certainly both procedures are associated 

with a high duration of treatment and implies high complication rates. In order to bridge long bone defects with an 

autologous, vital bone graft, which allows a sufficient mechanical stabilization with an intramedullary nail, we developed 

a combination of callus distraction and free fibula transfer. For the technical implementation the procedure of callus 

distraction has to be converted into a technique of callus expansion. To demonstrate the feasibility, a fully implantable 

prototype for animal tests on domestic pigs was created: The prototype consists of a liquid-filled pressure tank connected 

over a catheter with a proximal electronically controlled solenoid valve and a distal custom-made balloon. In order to 

expand the diaphysis of the fibula a bone segment with the shape of a halved cylinder is cut from the bone. The balloon 

is inserted in the medullary cavity of the fibula between diaphysis and separated bone segment. The initial diameter of 

the balloon amounts 2.4 mm, the final diameter after expansion is 5.4 mm. The expansion process starts after a resting 

phase of seven days postoperatively with a velocity of 1 mm expansion per day. The control software enables a brief 

opening of the valve every 20 minutes to expand the balloon. At the end of the procedure a vascularized bone segment 

with a medullary cavaty diameter of 5.4 mm can be detached and used for transplantation into a long bone defect. The 

presented procedure constitutes an innovative approach for the reconstruction of segmental defects of long bones. 
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Currently, the wireless transcutaneous energy supply and communication of active implants is typically accomplished by 

electromagnetic transmission. Limits arise if the implant must be very small, the implantation site is remote from the body 

surface, or if a hermetic metallic housing encapsulates the implant to achieve long-term stability and biocompatibility. In 

these cases, sufficient efficiency for electromagnetic transmission can only be achieved by implanting a coil 

subcutaneously, which in turn is connected to the implant via a connection wire - an arrangement laborious to implant 

and susceptible to faults. Otherwise, signal transmission is hampered and power supply requires a bulky battery, which 

must be exchanged regularly by surgical intervention. Our development thus aims at a medical implant system including 

a hermetic, titanium-housed implant, in which transcutaneous energy supply and communication are achieved by 

ultrasound instead of electromagnetic transmission. For proof-of-concept, we have exemplarily developed an 

electrostimulation implant for the stimulation of peripheral nerves. It can be sufficiently supplied with energy by 

ultrasound generated by an extracorporeal unit, and it can suitably communicate with this extracorporeal unit via 

ultrasound as well. Stimulation parameters can be varied by remote action, and several implant data can be read out 

wirelessly. In order to allow for secure communication, the communication protocol is encoded by a sophisticated 

cryptographic technique. Instead of a bulky battery, a small rechargeable cell is used for energy buffering. Thus implant 

volume is restrained to less than 5 cm3. Ultrasound passes through the hermetic titanium housing of the implant 

bidirectionally, and transmission and powering bridges a distance of more than 100 mm in water.  Besides greater reach 

and the capability to penetrate metallic housings, a promising advantage of ultrasound over electromagnetic methods is 

its potential for localizing deep implants if displaced, and its focusability towards the localized direction to optimize 

transmission. 
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Dental implants are in 96% positioned free hand including a risk of suboptimal placement and adverse events. In order to 

overcome these limitations, a miniaturized navigation system has been developed with two stereo cameras fixed on the drill 

guiding implant insertion. The aim of the present work was to determine the tracking precision of the system within its whole 

working room which should not exceed 0.4mm in order to keep the expected overall submillimetric precision of the system.  

A prototype of the navigation system was used to track a highly precise optical marker (visual pattern on a ceramic substrate, 

10 x 15 mm in size). The marker was mounted to the measuring head of a Thome coordinate measuring table on which the 

camera system was fixed as well to perform reference measurements. Coordinates of the measuring table coordinate system 

(CTCS) and the stereo camera coordinate system (SCCS) were collected along a 3D point array slightly larger than the working 

room with a resolution of 5 mm. Measurement coordinates were transferred to the SCCS using the optimum transformation. 

The precision of a working room position was determined as distance between transformed and real measuring table position. 

The working room size was 47 8mm3, forming a truncated pyramid like geometry. The measured global error in the inner 

working room was always less than 0.07mm and in the outer working room less than 0.15mm.   

The results of the present study give a first impression of the working room size which is sufficient to be used for the dental 

implantation and the tracking of the marker itself. The precision analysis shows that the precision remains below the minimum 

precision of 0.4mm. Further tests have to be conducted including the Cone-beam CT based planning in order to determine the 

overall precision of the mininavigation system.  
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Stereotactic radiofrequency (RF) lesioning is used to treat dysfunctions of the central nervous system such as movement 

disorders and epilepsy. RF lesions fall short from a limitation in size and energy delivery which can be achieved with a 

single trajectory. Combining the RF application with local cooling around the electrode was proposed to induce larger 

lesions and to increase energy delivery. To test this hypothesis, we designed a bipolar, cooled RF electrode and conducted 

RF experiments in egg white during video recording of the coagulation process, measuring the spatio-temporal 

temperature distribution and documenting the application parameters RF-power, impedance and temperature. 

Experiments were performed for standard RF, continuous cooling and dynamically-cooled RF for which the cooling effect 

was dynamically controlled by the temperature. Standard RF achieved a volume of 85.75 mm³ coagulated egg white and 

the energy delivery amounted to 196 J. With continuous cooling, a volume of 127.21 mm³ was reached but an excessive 

increase of impedance often stopped the application after a few seconds. Dynamically-cooled RF application reached 

significantly largest lesion size (217.16 mm³) and also provided highest energy delivery (296 J). Our data show that the 

energy delivery becomes more uniform over time and overall larger with dynamic cooling due to the lack of an excess 

temperature which otherwise stops the delivery of RF energy for some time without cooling. The impedance over the 

course of RF application remains stable (70-80 Ω) for dynamic cooling and standard RF but with additional temporary 

variations right after the stop of RF energy delivery for standard RF. With continuous cooling, the impedance shows a 

sudden and huge increase (several hundred ohm) due to sustained RF energy delivery, which stops the coagulation. 

Combining dynamically-cooled and impedance-controlled RF application therefore suggests to further enhance the 

efficiency of the cooled RF lesion process. 
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Scope of the Project FLEXMIN is the development of a surgical robot for single incision surgery. This surgical 

teleoperation system is based on a master-slave structure. For best performance during the surgical task, one goal of the 

project is to provide haptic feedback at the user interface, based on tissue interaction forces at the slave manipulator. 

 

Providing a well-adapted human machine interface as master system requires a detailed analysis of the slave robot. 

The slave robots’ outline mimics a conventional rectoscope for transanal endoscopic surgery. At its’ proximal end, two 

adverse manipulators are provided. Both manipulating arms are based on parallel kinematic structures. Surgical graspers 

are provided as end-effectors. The arms are designed with 4 degrees of freedom and a grasp. The 4 degrees of freedom 

are distriputed as 3 cartesian coordinates and the rotation along the axis of the end effector. 

 

As user interface a hybrid kinematic structure consisting of a passive and an active part, is chosen. As two manipulators 

have to be controlled, identical structures for the left and right hand are provided. The kinematics of the passive part copy 

the actual manipulators’ main kinematic chains leading to identical joint angles at the slave robot and the input device. 

Doing so, intuitive control over the robot is assumed. The handle can also be rotated and provides the control mechanism 

for the grasper. The latter two axes also provide haptic feedback. The active part consists of a delta kinematic 3-DOF 

device able to produce forces in three Cartesian axes. Altogether, five axes per side can be controlled actively. With the 

designed system, haptic feedback can be provided with forces up to 20 N in a frequency range up to 1 kHz. The haptic 

system provides a z-width larger than 20 dB leading to a wide range of presentable properties, measured at the 

manipulator.  
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The most severe complication in stereotactic deep brain stimulation (DBS) surgery is intracerebral bleeding. Therefor 

planning of the target site and trajectory is of out most important. Despite accurate planning, trajectories can deviate due 

to loss of cerebral spinal fluid which is the cause of a brain shift. Intraoperative measurements are therefore an important 

complement to image based surgical planning. 

 

By using an insertion guide (diameter 2.2 mm, length 190 mm) with forward looking optical fibres and the outer 

dimension adapted to Leksell® Stereotactic System (Elekta instrument AB, Sweden), laser Doppler flowmetry (LDF, 

Periflux 5000, Perimed AB, Sweden) can be used to record the cerebral microcirculation and backscattered light reflecting 

tissue type in front of the guide. The system has been used during more than 120 DBS implantations and typical “bar-

codes“ for two common DBS targets, the subthalamic nucleus (STN) and the ventral intermediate (VIM) nucleus of the 

thalamus previously been defined. The aim of the study was to evaluate patient safety where the LDF was used during 

DBS implantations (n = 83) at Linköping University Hospital (LiU M182-04, T54-09). Medical record and postoperative 

radiology were reviewed together with the optical data collected during surgery. 82 trajectories were recorded without 

adverse events. In one case, a small bleeding was detected by means of the optical systems during surgery. It can be 

concluded that the microvascular measurements can visualize ventricular and sulci involvement, can also detect small 

haemorrhages. With the method's forward looking feature in combination with controlled stepwise insertion of the probe, 

it has a potential to act as a ”vessel alarm” and thus helps further  minimizing the risks of bleedings.   
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Most solid tumors are staged according to the TNM classification characterizing the extend of the primary tumor (T), 

regional lymph nodes (N), and distant metastasis (M) and have major influence on treatment decision and prognosis. 

Insufficiencies, in terms of under- and overestimations of the TNM stage, may lead to suboptimal treatment decisions and 

could deteriorate patients outcome.  

 

Using Bayesian Networks (BN), decisions can be modelled based on guidelines, studies and clinicians’ expertise. Based 

on individual patient’s information, the resulting patient specific Bayesian Network (PSBN) may support therapeutic 

decision making by calculating also unobserved data (e.g. therapy side effects, quality of life, and missing examinations). 

We modelled the TNM staging of laryngeal cancer manually in a close collaboration between clinicians and computer 

scientists. 

 

The laryngeal cancer TNM-model consists of 303 variables and 334 direct dependencies. Based on 63 patient cases, we 

validated the model computer based by using statistical methods as well as a manual review and optimization by a 

clinician. The TNM model calculated 38 correct answers (60%), compared with the real-life TNM stage. We identified 

issues are mainly related to data quality, data inconsistency and suboptimal interpretation of diagnostic findings for 

determination of the TNM-stage. After reviewing and enhancing the data integration process, the model was correct in 

all 63 cases. Furthermore, a “PSBN-Analyser” was developed as an interactive application to present and to highlight 

relevant information for the decision support graphically. 

 

The laryngeal cancer TNM-model  achieved a high level of precision for the correct calculation of the TNM stage, as 

expected due to a precise definition. Furthermore, the decision became more transparent, comprehensible and 

reproducible by Bayesian’s inherent graph model. We developed an extended model for treatment decision support of 

laryngeal cancer for which we expect a more complex verification process. Next, we will conduct a study with clinicians 

to evaluate the decision support of our model and the PSBN-Analyser. Furthermore, we will combine BN with the HL7 

standard Arden Syntax to address semantic data integration. 
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Bone drilling is a surgical procedure which is used in many orthopaedic, dental, otolaryngological (head and neck) and 

other surgeries involving the human skeleton. Production of heat during the drilling process has recently regained a lot of 

attention. Especially for otolaryngological surgeries, which often involves cutting and drilling around nerves, it is 

important to assess and reduce the heat of the drilling process to avoid thermal damage. Within this work, we conducted 

an extensive experimental campaign to investigate and model the temperature elevation during bone drilling using bone 

tissue with different porosities. Therefore, cortical bovine bone samples were prepared with differently spaced lateral 

holes in order to mimic the different bone porosities of the human cranium. A custom made test setup, which consisted 

of a CNC-machine, a thermal camera with a macroscopic lens and a load cell was used to measure the temperature 

elevation, torque and axial force of the drilling process. Drill bits with two different diameters (Ø1.8mm and Ø2.5mm) 

were tested on three sets with different bone porosities and repeated eight times. A previously introduced simple thermal 

model was used and modified to allow direct calculation of temperature elevation from the torque and force signal. The 

used 1D moving point source model, which is based on a Green function, can be used to evaluate the temperature elevation 

at any point along the drilling trajectory. The two required calibration constants of the model were identified using the 

data and the comparison of measured and predicted temperature elevation at multiple drilling depths shows a very good 

correlation (for Ø2.5mm: R2=0.92, SEE=0.12°C, p<0.001; Ø1.8mm: R2=0.82, SEE=0.09°C, p<0.001). This validation of 

the proposed model allows the future assessment of drilling temperature elevation as a safety mechanism for surgical 

interventions that are close to nerves and other delicate structures. Additionally, due to its analytical solutions, the model 

can be used in real-time and is therefore able to warn the surgeon before temperature rise exceeds the threshold of tissue 

damage. 
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Single port surgery is the next step in minimally invasive surgery promising to further improve the surgical outcome.  

Performing surgical procedures through only one incision is a challenging task that can be simplified by using a 

telemanipulator. To overcome the key issues of the commonly used continuum robots in terms of dexterity, dynamics, 

stiffness and controllability we have introduced a new single port robot that uses two intracorporeal parallel kinematics 

manipulators.  

So far two manipulators, each having 4 degrees of freedom, have been manufactured and characterised. To enable needle 

holding and handling, several graspers are designed and integrated into the manipulator’s structure. To open and close 

the grasper, the rotation of a rod is used that is transferred to the tip by several kinematic chains that are attached along 

the manipulators tripod structure. To avoid jamming, the transfer characteristic of this kinematic chain is analysed and 

the final design that uses elastic elements is presented. To enable high gripping forces that are needed to handle the needle 

in a save way, the design of the grasper gears is discussed. During first test, the capability of applying sutures and tying 

knots is presented.  

Furthermore, it is shown, that by using parallel kinematics instead of tendon driven robots the 3D tip force can be 

determined exactly using distally located force sensors. Measuring the forces and having knowledge of the manipulator’s 

positon the tip force is calculated using the inverse transpose Jacobian matrix. Concerning the footprint of the sensors, 

signal and supply routing and the sterilizability of the overall robot this approach seems promising in the field of practical 

surgical robotics. In a next step the so obtained force vector will be used to generate a kinesthetic feedback at the robot’s 

user interface.  
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Comprehensive knowledge of forces/torques at the tip of a surgical instrument during in vivo operation enables the 

prediction of currently applied stress and strain to the tissue to ensure patient’s safety with maximum load limits. This 

work presents a sensor to measure interaction forces between a medical instrument and organic tissue of a patient during 

surgery. A handheld multiaxial force sensor device with a maximal diameter ≤ 22 mm is designed, which consists of a 

tight fit coupling for the usage of multiple surgical instruments (e.g. scalpels, rasps or hooks), a six axis force/torque 

sensor with piezoelectric silicon strain gauges, sensor electronics and a battery. The forces/torques are measured with 

eight full-bridge strain gauges (gain-factor ≥ 40, Smin  ≤ 10-6) with an edge length of 500 µm on a spoke wheel structure 

with a diameter of 12 mm. The nominal force in axial direction is 10 N and the nominal torque is 1 Nm in all spatial 

directions. The sensor electronics board with an 18 bit serial multiplexed analog to digital converter is integrated into the 

sensor case to reduce noise influence and connected to the measurement bridges via flip-chip bonded flex-circuits.  Digital 

signal processing computation, such as low-pass filtering, calibration matrix transformation and fieldbus communication, 

is implemented on a microcontroller on the board. The sensing data of the tool-tip forces are transferred via Bluetooth for 

real-time display on a computer or tablet. All implemented components are temperature-resistant and sealed with 

protective coating to enable sterilization for clinical usage. A first characterization of the sensor results in a maximal 

systematic error of 4.92 % and random error of 1.13 %. Future work includes a proof of concept trail of the sensing device 

with surgeons on medical simulators. 
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Markers made out of radio opaque material are widely used to increase the visibility of interventional tools for minimal 

invasive procedures under X-ray guidance. These markers show usually a symmetrical shape. Common types are rings 

or wires out of metal or plastic compounds. Thus the estimation of the three-dimensional position and bearing of the 

medical devices e.g. catheters is difficult in a two dimensional X-ray projection. We introduce a new shape of a marker 

for medical devices, which allows an explicit estimation of the orientation of the medical device in medical imaging. 

The new marker has a special shape that can be used specially for tubular devices. Therefore the marker has a half ring 

in the middle, one flank adjusted in distal direction at the one end of the half ring and one flank adjusted in proximal 

direction of the device at the other end of the half ring. Thus in a frontal view the half ring is visible on one side of the 

device. In an axial view the marker is represented in that way that one flank on one side of the device goes in upward 

direction and one goes on the other side in downward direction. The half ring connects the flanks. After turning the device 

90 degrees, both flanks are visualized right under each other, the half ring is only visible on one side.  

A prototype made of platinum wires was mounted on a 1,9F catheter and tested under fluoroscopic and radiographic X-

ray. To validate the visibility of the marker, a radiopacity test based on DIN 13273-7 was performed. The catheter tip 

with markers was placed in various directions on an X-ray diffuser.  

The marker shape allows a reliable estimation of the position and bearing of the catheter without excessively influencing 

diameter and stiffness. 
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Background 

The use of minimally invasive surgical (MIS) procedures for the treatment of degenerative lumbar spondylolisthesis is 

increasing although the outcomes of standard open posterior lumbar fusion surgery remain efficient. The question remains 

what exactly are the benefits of MIS procedures. 

The aim of the study was to determine the difference between latest MiTLIF and open TLIF procedures regarding the 

clinical outcomes, perioperative parameters, fusion rate and adverse events. 

 

Methods 

In the study, 20 patients with the painful, lumbar degenerative spondylolisthesis (Grade I) not responding to conservative 

treatment were treated with the open TLIF procedure and 20 patients with two different minimally invasive TLIF 

procedures. Clinical outcomes were assessed before, 6 months and one year after the procedure using the Oswestry 

Disability Index (ODI) and Visual analogue score (VAS) for back and leg pain, with 15 % improvement in ODI and 20 

% in VAS defined as a clinically significant. The perioperative parameters including blood loss, operative times, exposure 

to fluoroscopy and length of hospital stay were evaluated. The lumbar CT scans of the patients were taken accordingly in 

order to determine the fusion rate. 

 

Results 

There was a significant improvement for back and leg pain according to ODI and VAS score in both groups with no 

statistically important difference between the two groups. There was less blood loss and faster recovery time in the 

MiTLIF group but slightly higher fluoroscopic exposure and operative times. The fusion rate after one year was similar 

in both groups. 

 

Conclusions 

All procedures resulted in significant pain reduction and good functional outcome for the patients with better results in 

the MiTLIF group regarding the hospital stay and blood loss. According to our results and according to the literature 

reviews there is still not enough evidence to state that one procedure is superior to other however the results are 

encouraging in proceeding and developing new less invasive techniques. 

 
 



 Biomed Tech 2016; 61 (s125) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5011 S125 

 

ID: M-OP-01 

 

3D printing of model polycaprolactone implants using Fused Depositon 

Modeling  
 

Wiebke Kempin, Institute of Pharmacy, Center of Drug Absorption and Transport, EMA University of  Greifswald, 

Greifswald, Germany, wiebke.kempin@uni-greifswald.de 

Christian Franz, Institute of Pharmacy, Center of Drug Absorption and Transport, EMA University of  Greifswald, 

Greifswald, Germany, christiansteffenfranz@gmail.com 

Werner Weitschies, Institute of Pharmacy, Center of Drug Absorption and Transport, EMA University of  Greifswald, 

Greifswald, Germany, werner.weitschies@uni-greifswald.de 

Anne Seidlitz Institute of Pharmacy, Center of Drug Absorption and Transport, EMA University of  Greifswald, 

Greifswald, Germany, anne.seidlitz@uni-greifswald.de 

 

The use of 3D printing technologies for the preparation of drug delivery devices has moved into focus of research recently. 

Fused deposition Modeling (FDM) appears to be a promising approach for customising the dose and/or the shape of drug 

containing formulations.  

In this study the suitability of polycaprolactone (PCL) as a polymer for printing of implants via FDM was investigated. 

The fluorescent dye quinine was used as a model drug to visualize drug distribution in filaments and implants. Different 

amounts of quinine were added to the PCL matrix to examine whether the content of active ingredient influence 

printability and drug homogeneity. The incorporation of quinine into the polymer was performed by a solvent casting 

technique and subsequent hot-melt extrusion (nozzle diameter 3 mm). Implants were produced from the quinine loaded 

filament with a standard fused deposition modeling 3D printer (nozzle diameter 0.35 mm, printing temperature 53°C). A 

hollow cylinder (outer diameter 5 mm, inner diameter 3mm, height 3 mm) was chosen as printing geometry, designed 

with FreeCAD and sliced with the Simplify3D® software. Drug release studies of printed implants were carried out in 

phosphate buffered saline pH 7.4 at a temperature of 37 °C. Quinine quantification was performed by fluorescence 

spectrometry. 

Fluorescence imaging of the implants indicates an influence of drug loading on the homogeneity of drug distribution. In 

contrast to implants with 2.5 % quinine those with a drug load of 15 % clearly show irregular quinine accumulations. 

Quinine was released from PCL-implants over a period of 30 to 40 days. Interestingly, the same drug amount was trapped 

in the implant after finished drug release regardless of the initial drug load.  

This study presented a method of printing PCL-implants with the opportunity to adapt the shape patient-specifically and 

to control the drug release via drug loading. 
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Introduction 

Cardiovascular diseases treatment costs are expected to exceed 3×1011 $ by 2030, according to the American Heart 

Association. New strategies have been employed to develop fibrous materials that can provide effective local delivery of 

different pharmaceuticals, such anticoagulant agents. Electrospinning is a cost-effective method that can produce 

biomimetic formulations as drug delivery systems (DDSs). A clinically successful combination of anti-coagulant drugs 

is aspirin and dipyridamole. Aim of this work was to fabricate and characterize a dual drug delivery system made by 

biocompatible polymers and the aforementioned pharmaceuticals. 

Methods 

Polycaprolactone (PCL) 15wt%, polylactic acid (PLA) 5wt%, Aspirin (ASA) 1.5wt% and Dipyridamole (DIP) 1.5wt%, 

were dissolved in 2,2,2-Trifluoroethanol (TFE). Electrospinning was performed at a flow rate of 4 mL/h and an electrical 

field of 1 kV/cm. Structural characteristics of the fibers were studied using a Scanning Electron Microscope (Hitachi). In 

vitro drug delivery experiments were performed in PBS (pH = 7.4, T = 37 oC) using a UV-Vis spectrophotometer 

(LIBRA). The cumulative release of both drugs was calculated and the release mechanism was determined. 

Results 

Three different types of fibers were created. ASA only, DIP only and ASA&DIP fibers had an average diameter of 0.84 

± 0.27 μm, 1.05 ± 0.34 μm, and 0.64 ± 0.2 μm, respectively. The cumulative drug release of both agents exhibited a bi-

phasic profile with an initial burst phenomenon and a subsequent gradual phase that lasted 3 months. Both 

pharmaceuticals followed a Fickian diffusion release mechanism that was confirmed after mathematical fitting of the 

experimental data. 

Conclusion 

Taken together, these preliminary results indicate that electrospun PCL/PLA fibers could be further examined as DDSs 

in cardiovascular diseases-related applications. 
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Due to their advantageous properties nanaoporous silica nanoparticles (NPSNPs) are suitable as delivery platforms for 

simple drugs and for complex bioactive molecules. These properties include a high surface area, a large pore volume 

(up to 50%) and the amenability for surface modification. Moreover, NPSNPs have shown a good biocompatibility in 

different studies. Our approach is the application of these delivery systems on the surface of implants like the cochlear 

implant. Cochlear implants are required to treat sensorineural deafness, which is caused by damage of hair cells 

followed by an ongoing degeneration of spiral ganglion neurons (SGNs), the nerve cells in the inner ear. One 

opportunity to prevent the degeneration of SGNs is to establish delivery systems on the implant surface which can 

release neuroprotective factors. Promising agents are drugs like rolipram and growth factors like the brain-derived 

neurotrophic factor (BDNF). Numerous studies demonstrate that these agents improve the survival and growth of 

SGNs. 

NPSNPs were prepared via sol-gel process from alkaline aqueous solutions using Cetyltrimethylammonium bromide as 

structure directing agent. The particle surface was modified with different trialkoxysilanes. We investigated the 

immobilization of BDNF on the surface of NPSNPs and the incorporation of rolipram into the pores. In addition, the 

release behaviour of both molecules was studied. The cytocompatibility of the NPSNPs was investigated for fibroblasts 

(NIH3T3) and the neuroprotective effect of NPSNPs with immobilized BDNF and rolipram loaded NPSNPs was 

studied for spiral ganglion neurons. 

The NPSNPs were approximately 40 nm in size and had a high specific surface area (500 1000 m2 g 1). The 

modified silica nanoparticles could be successfully used as drug delivery systems for enclosed rolipram or immobilized 

BDNF. These NPSNPs exhibit good cytocompatibility with NIH3T3 and increased the survival rate of SGNs in cell 

culture investigations. 

This work was supported by the Cluster of Excellence Hearing4all. 
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OBJECTIVES: This study aims to evaluate the reproducibility and precision of the new Dermaject intradermal injection 

device for injections of liquid drugs into the top layer of the skin (intradermal / intracutaneous route) and for drug targeting 

of the skin, immune and lymphatic system.  

BACKGROUND: Intradermal drug delivery, compared to subcutaneous drug delivery, provides numerous benefits, such 

as improved immunity, faster bloodstream absorption and higher bioavailability. Intradermal vaccine administration is an 

alternative method with potential improvement of vaccine coverage and dose sparing.  

Dermaject is a newly developed intradermal delivery device with patented cannula insertion mechanism and microneedle 

technology. Dermaject was tested in numerous ex vivo and in vivo experiments, demonstrating safety, easy handling, 

leak tightness and intradermal injections of larger than previously injectable volumes. The design is user-friendly, small 

and considered for single use in humans. Furthermore, specific immune responses of immunogenic materials were 

demonstrated using the device. A specially developed mechanism protects against needlestick injuries.  

METHODS: Several injections of stained solutions in ex vivo human skin and in ballistic gelatin blocks were carried out 

using the device. Histological and subsequent graphical analysis using hematoxylin and eosin (HE) stain and graphical 

software were performed. Filmographic records of injections into gelatin blocks were obtained and analyzed for 

determination of injection dynamics. Dimensions, depths and characteristics of infiltrates were measured.  

RESULTS: Data describing precision, reproducibility, consistency and standardization of intradermal injections using 

the Dermaject intradermal injection device will be presented.  

CONCLUSION: Targeted drug delivery using intradermal injections represent a fast-growing field of interest. 

Preliminary results in different experimental settings indicate an improvement in consistency and reliability of 

intracutaneous fluid administrations using the new, easy to use intradermal injection safety device Dermaject. Therefore, 

we suggest Dermaject to be an economic and highly clinically relevant solution for all intradermally injected liquid 

medications.  
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Dental implants are necessary for the restoration of teeth after trauma, ulceration or serious infection of the oral cavity. 

In addition, the progressive aging of our population is a global challenge to modern implantology. In Germany, more than 

one million dental prostheses are implanted per year. However, implant-associated bacterial infections with high 

prevalences could frustrate the prostheses’ their success directly after implantation or after a certain time in situ. Existing 

infections are treated by systemic administration of antibiotics, but an effective suppression of pathogens during the 

implants’ life-time has not been established yet. Here, controlled drug delivery from the implant surface offers a promising 

opportunity. Lower amounts of antimicrobials could be released locally in the presence of a specific trigger. 

For this approach, nanoporous titania coatings on titanium were fabricated either by dip-coating or electrochemical 

deposition in the presence of the tenside Pluronic® F127 acting as structure-directing agent. After calcination, the non-

ionic block copolymer is removed and nanometer-scaled pores remain. Subsequently, the coatings constisting of anatase 

were modified with functionalized phosphonic acids and phosphonates to enable the linkage of pH-responsive poly(4-

vinyl)pyridine.  

Antimicrobials, such as chlorhexidine, could be loaded into the pores of 7 nm, which themselves were blocked by polymer 

strains under neutral conditions. In the presence of acid-producing pathogen, the local pH decreases and the drug will be 

released until the trigger vanishes. For biomedical use, the drug delivery systems were checked step-wise for sufficient 

cytocompatibility and bacterial resistance. In addition, all coatings showed good adhesion on titanium, which is necessary 

for the application on mechanically stressed implant parts, such as screws or abutments. Further characterization was 

carried out using electron microscopy, contact angle analysis, krypton sorption, infra-red spectroscopy and X-ray 

diffraction. 

This work is supported by the VolkswagenStiftung and the State of Lower Saxony within the interdisciplinary research 

consortium “Biofabrication for NIFE”. 
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Introduction. Changes in amino acid fund of liquids and tissues of patients specifically characterize a cancer illness. 

Correction of intermediate metabolic changes at a cancer can be reached at use of separate amino acids or their 

combination. 

Purpose. The aim of this minireview is the formulation of a hypothesis and methodology creation of practical application 

of the regulatory action of physiological concentrations of separate amino acids for the design of new effective medicines 

against cancer. 

Materials and Methods. The results and our concept is based on research of formation of free amino acids fund in 

biological liquids and tissues 1495 of patients with cancer of mammary gland, lungs, prostate, ovaries, bladder or digestive 

tract.  

Results. Separate amino acids or their compositions in oncological practice should be applied according to their 

physiological concentrations and change of structure of amino acids fund of patients. Amino acids with anticarcinogenic 

are effects may be are leucine, tryptophane and taurine. 

Conclusions. The new methodology of development of multicomponent infusion solutions offered by us on the basis of 

amino acids intended for correction of the metabolic imbalance arising at various localization and stages of the malignant 

growth is based on results of research of regularities of formation of amino-acid fund in biological liquids and tissues. 
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Multiple intravenous infusions imply dose errors due to flow deviations. An idea to eliminate these errors is to use a 

miniaturized drug delivery station, applying the concept of drug multiplexing. Basically, drugs are segmented into small 

defined volumes using a selector valve and delivered via a central catheter to the patient. A drug multiplexing test model 

was designed and constructed. In this model, segmentations and flow order of drugs were achieved using a selector rotary 

valve. For the use in clinical practice, and as a criterion for hygienic purposes, the valve must be disposable. Design 

criteria regarding valve working area, costs, and geometrical dimensions were set based on research and a literature 

review. The selected possible solutions were transferred into a global design, which can be integrated into the test model. 

Hence, a planar and a conical rotary valve systems were compared. By derived equations, it was possible to calculate the 

contact forces for sealing in both systems, and also to calculate the torque required for the rotation. The results of the 

calculations show that the required forces of the conical system are smaller than those in the planar system. Therefore, a 

conical active operation surface was chosen. The requirement to use the rotary valve module as a disposable unit makes 

it necessary to choose suitable materials and manufacturing processes for high number of item production. The costly 

approach of using PCTFE in injection molding for the valve effective areas was avoided by dividing the valve module 

into several parts, which could be assembled after fabrication. Because of its good frictional properties, PCTFE material 

was used for the valve plug and for the housing that connects the valve operation area. The valve body was constructed 

using Makrolon®-Rx1805 (Bayer MaterialScience, Germany), which is approved for medical applications including 

intravenous drugs delivery. 
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Physical targeted delivery of therapeutics into the human body is expected to improve the efficiency and efficacy of 

treatments like gene therapy or chemotherapy, while reducing disturbing side effects and delivery dose. This delivery can 

be provided by using high electrical voltage to create small sized liquid droplet from, containing the therapeutic substances 

and accelerate them towards the targeted tissue, also known as electrospray process.  

 

A small scaled device with an outer diameter of 10 mm was designed and fabricated as a single port access instrument, 

in order to provide intraluminal electrospray for targeted therapy. The system was applied  in vitro using alveolar epithelial 

cells monolayer (A549) as target and a plasmid encoding eGFP (green fluorescent protein, 100 µg/ml) acting as reporter 

gene. Transfected cells were identified 24hrs post-electrospray-treatment and transfection efficiency elaborated using 

flow cytometry. To optimize procedural parameter the electrospray mediated transfection efficiency of eGFP-plasmid 

was elaborated in dependence of different procedural parameter like applied power, working distance and delivered 

media. In addition the electrospray process was characterized technically with an identical set of procedural parameter, 

observing the emerging electrospray with high speed video imaging. The obtained video sequences were analyzed and 

the droplet count, velocity and estimated volume were elaborated. 

 

The emerging spray provided a distribution of droplet which can roughly be clustered into larger droplets with low 

propagation velocity (2-3 m/s) and smaller droplets with higher velocities (>15m m/s). Changing from 170 mOsm sucrose 

solution to 370 mOsm increases the fractional volume (Vcluster/Voverall) of delivered media of larger droplets while the 

mean droplet volume decreases (65% (170mOsm, 296 pl), 75% (270 mOsm, 285 pl), and 95% (370 mOsm, 97pl)), while 

the transfection efficiency increases with osmolarity (20.8%, 36% and 55.8%). Changing applied voltage provided the 

largest fractional volume at 3 kV, while reducing the voltage reduced the fraction and increasing the voltage increased 

the droplet volume, while also reducing the fraction  (88% (2.7 kV, 92 pl), 95% (3 kV, 97 pl), and 79% (3.3 kV, 284 pl)). 

Comparing these results with transfection efficiency the highest efficiency was obtained at 3kV (2.85% (2.7kV), 55.8% 

(3 kV), 20.8% (3.3 kV)).  

 

In general electrospray conditions providing highest transfection efficiency were obtained, when the major fraction of 

delivered volume was within the large droplet low velocity cluster (2-3 m/s) providing a mean droplet volume of around 

100pl. 
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The lifetime of neural implants is often limited by their power consumption and their battery capacity. A depleted battery 

replacement frequently leads to a costly surgery adding a particular risk for the patient. To prevent this we are developing 

an implant prototype for a closed loop device for patients with pharmaco-resistant epilepsy with ultra-low power 

consumption, which later shall be powered by a thermoelectric generator harvesting body heat. For detection of seizures 

we use a set of ten time domain and power band features and a random forest classifier developed by our project partners 

showing a mean sensitivity of 93.84% and a short detection delay. 

The core of the prototype is an ultra-low power microcontroller which performs the analog to digital conversion and 

provides the computational power for feature calculation and seizure classification. For the amplification of the incranial 

brain signals a multistage amplifier was developed with emphasis on a low power consumption. The first stage consists 

of an ac-coupled 3-stage linear amplifier with an open loop gain of 2000 and a power consumption of 1 µW. To be able 

to record up to eight channels a multiplexer controlled by the microcontroller is used. The second stage consists of a 

buffer to lower the output impedance of the linear amplifier and an ultra-low power operational amplifier which is 

configured as differential amplifier to bandpass filter the signals and to set an appropriate offset voltage for the input 

voltage range of the A/D converter. The power consumption for the sampling of eight channels with a rate of 256 Hz is 

measured to 66 µW. The next step will be the completion of the implementation of the features and the classification 

calculations on the microcontroller. Long term invasive EEG recordings from the EPILEPSIAE database are used to test 

the prototype. 

  



 Biomed Tech 2016; 61 (s134) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5012 S134 

 

ID: N-OP-06 

 

Clinical reliability of a subretinal implant 
 

Martin Kokelmann, Retina Implant AG, Reutlingen, Germany, Martin.Kokelmann@retina-implant.de 

Sandra Rudorf, Retina Implant AG, Reutlingen, Germany, sandra.rudorf@retina-implant.de 

Walter G. Wrobel, Retina Implant AG, Reutlingen, Germany, walter.wrobel@retina-implant.de 

 

Certain design principles are still applied today in almost all neuroprosthetic devices. First of all, the implantable 

electronic system is incorporated into hermetically sealed housing. This assumes vacuum-tight feedthroughs for the 

electrode cables. Therefore, only cables and electrodes are outside the housing. For subretinal implants, however, the 

retinal CMOS is not hermetically sealed, but has direct tissue contact. After a prolonged period of operation, a sufficient 

amount of conductive electrolyte solution from the body permeates the metallic structures, allowing corrosion to set in. 

This leads to the seemingly sudden failure of the implant after a certain period of use. 

 

Hence, the topic of permanent implant functionality in clinical practice has to be addressed. Colloquially, “lifetime” is 

the term often used. Another term, which has been coined by pacemaker manufacturers, is “clinical reliability.” For the 

manufacturers of cardiac pacemakers, the FDA specified to publish standardized reports at regular intervals in which 

product failures observed during clinical use are analyzed statistically. Based on this approach, the international standard 

ISO 5841 is established. The manufacturers of cochlear implants agreed to likewise adopt this strategy on a voluntary 

basis. Also the Retina Implant AG has enforced this strategy with respect to the use of subretinal implants: the 

implemented procedure provides the cumulative survival rate (CSR) as key figure. Current statistical results are presented. 

 

As a conclusion, the term “lifetime” is problematic in the case of highly innovative, vital medical devices if it is interpreted 

as a fixed, minimal period of operation. The term “average lifetime,” referring to the likely period of operation based on 

clinical and laboratory data in conjunction with a confidence interval, appears to be much better suited to creating an 

appropriate foundation for guidance or making a decision for or against the use of a product. 
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Deep brain stimulation (DBS) is nowadays an established symptomatic treatment for patients with advanced Parkinson's 

disease, but used even with obsessive compulsive disorders and depression. Due to the therapeutic benefits of DBS, 

electrical high frequency stimulation (HFS) of different target structures became a popular research topic. However, up 

till now there is no general agreement on the hypothesis about the mechanisms of the effect of HFS. Considering one of 

the proposed HFS' modes of action involving GABAergic axons, we analyzed the c-fos immunoreactivity due to HFS of 

the dorsolateral Striatum in rats. 

Female Sprague Dawley rats (n=15) were chronically implanted with a 16-contact polyimide micro electrode in the 

dorsolateral Striatum. Rats were either periodically HFS stimulated or not (chronic STIM or chronic SHAM) and as well 

HFS stimulated shortly before euthanazation or not (acute STIM or acute SHAM). Thus, four groups evolved: Group 1 

(n=4): Acute STIM/Chronic STIM, Group 2 (n=3): Acute SHAM/Chronic STIM, Group 3 (n=5): Acute STIM/Chronic 

SHAM, Group 4 (n=3): Acute SHAM/Chronic SHAM. C-fos immunoreactivity was visualized with a double-label 

immunofluorescent staining for c-fos and NeuN. 

We could detect in all groups ipsilateral c-fos/NeuN+ cells alongside the former location of the micro electrode. Group 1 

showed a significantly reduced number of c-fos/NeuN+ cells in the cortical areas in comparison to the other groups (One-

way ANOVA: p<0.05). 

The chronic implantation of a polymide micro electrode leads to a reaction of the surrounding neurons i.e. c-fos expression 

caused by the persistent trauma from the implant. Chronic HFS probably induces a habituation of the pallido-thalamic-

cortical network, partially reversing the trauma induced c-fos expression of cortical neurons upon acute stimulation. This 

effect follows the GABAergic mode of action, since HFS of the dorsolateral striatum lowers via the indirect pathway the 

thalamic output to cortical structures. 
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Injuries of the hand and upper limbs are numerous. The impairment of the patient is tremendously more sever if nerves 

are affected by these traumas. Even with reconstruction surgeries like suturing or grafting, it often takes months to years 

to regain any functionality as nerve growth is very slow. 

Several animal studies have shown that electrical stimulation of the nerve might promote axonal regeneration. At the 

same time the stimulation is able to keep the motor endplate alive in order to prevent atrophy of the muscle. 

Therefore, we developed a clinical setup within the Eurostars project RENESIS to treat patients with complex injuries in 

first acute trials. Special cuff electrodes were designed for stimulation of the proximal nerve stump and recording at the 

nerve distal to the trauma. We developed a flexible and user-friendly transcutaneous stimulator that enables a highly 

precise control of the stimulation current and continuous impedance monitoring. While being powered via USB (5 V, 

500 mA), the stimulator is capable of producing currents of up to 250 mA with an output voltage of +/- 410 V. Stimulation 

parameters like pulse width, frequency, intensity and pulse form can be adjusted freely across a wide range of parameters 

for twelve channels. An additional current source enables direct nerve stimulation. This stimulator can be adjusted very 

precisely with a step width of 10 µA. The development also focussed on high quality of the pulse signal without overload. 

Two patients were treated with this setup in a first acute clinical trial. Stimulation was performed intraoperatively and 

daily for two weeks as well as weekly for another four weeks. Stimulation was tolerated fine by the patients and no 

inflammation or infection occurred at the transcutanously tunnelled electrode cables. 
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Anti-Nuclear Antibodies(ANA) serves as a disease marker in the diagnosis of chronic autoimmune diseases. Indirect 

Immunofluorescence (IIF) in conjunction with Human Epithelial Type-2 (HEp-2) cells is considered as a hallmark in the 

diagnosis of these diseases. This process involves observing and categorizing the staining patterns of ANAs. Reliability 

of IIF based results are greatly affected by subjective factors and lead to inter and intra laboratory variability. Effective 

and consistent IIF image interpretation needs standardized and automated image processing algorithms. Segmentation of 

individual cell nucleus is highly essential to categorize the patterns. However, HEp-2 images are low contrast and may 

lead to incorrect pattern identification. In this work, an attempt has been made to segment the nucleus of the HEp-2 cells 

from twenty-eight subjects. The specimen images are obtained from a public domain database. Images considered in this 

study belong to six different staining patterns namely homogenous, fine speckle, centromere, nucleolar, coarse speckle 

and cytoplasmic. First, the images are subjected to pre-processing using Contrast Limited Adaptive Histogram 

Eequalization (CLAHE) based contrast enhancement technique. Secondly, segmentation is performed on the pre-

processed images to extract the nucleus using fuzzy c-means clustering approach. The evaluation metrics such as 

accuracy, sensitivity, true positive and dice metrics are used to validate the segmentation with the ground truth. The results 

show that the clustering based segmentation technique is able to segment the nucleus from the specimen images in all the 

six staining patterns. The segmented images are found to be in good agreement with the ground truth images with high 

correlation.  It appears that the features can be extracted from the segmented images for the classification of the staining 

patterns. Thus, this study seems to be clinically useful and help in automated analysis of staining patterns. 
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Accurate segmentation of brain structures from MR images has been an open challenge mainly due to the absence of clear 

edges. Recent study on Alzheimer’s Disease (AD) have pointed towards brain stem to be the epicenter of the disease but 

few attempts have been made to decipher the effects of AD on brainstem structures. In this paper, an effort is made to 

segment brainstem and characterize it as a potential biomarker for detection of AD. A novel segmentation technique has 

been proposed to segment brainstem from the mid-sagittal view of the brain. The MR images which were used, are 

obtained from a public database containing 163 images from AD (CDR = 1) and non-AD (CDR = 0) classes. The MR 

images used for segmentation were preprocessed using skull-stripping and bilateral filtering. A distance regularized level-

set evolution was implemented on the image to segment the brainstem structures. Along with improving the accuracy of 

segmentation, there has been an added focus on extracting features which could potentially help us classify AD from non-

AD MR images. Features such as entropy, area and perimeter were processed using an SVM classifier and validated by 

a five-fold cross-validation. The brainstem was successfully segmented with an average accuracy of 96% (Pearson’s 

Correlation Coefficient), which is significantly higher than most standard techniques. The mean entropy, area and 

perimeter of the brainstems extracted from AD MR images were 8.8%, 8.3% and 9.6% lower than brainstems extracted 

from non-AD MR images, respectively. As this classification can lead to early detection of AD, this work could have 

clinical significance. 
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Assessing the regional blood flow within the lung potentially helps to identify and treat pulmonary vascular diseases and 

might even support mechanical ventilation. Especially for guiding mechanical ventilation, bedside monitoring of both 

regional ventilation and pulmonary perfusion is desirable. Electrical Impedance Tomography (EIT) is a non-invasive 

imaging modality providing functional images of relative impedance changes induced by regional ventilation and blood 

volume changes, so-called cardiac induced impedance changes. 

EIT data were acquired from human and swine lungs. The pulmonary perfusion was analyzed during different states of 

respiration: spontaneous breathing; mechanical ventilation and during respiratory hold phases. The EIT images were 

reconstructed using the Newton-Raphson algorithm. The cardiac induced impedance changes in the EIT images had to 

be separated from ventilation induced impedance changes. This separation was performed using methods from literature 

based on spectral filtering and statistical approaches. From the separated cardiac induced impedance component 

distributions of different features were derived and evaluated. 

The perfusion parameters gained from EIT image reconstructions of swine lungs showed realistic blood volume flow 

distributions. Heart and lung regions could be distinguished. Validation based on lung perfusion reference modalities 

could be carried out. Options for reference imaging are Single Photon Emission Computed Tomography and Dual Energy 

Computed Tomography. 

EIT could represent a technology for continuous lung perfusion monitoring. The EIT reconstruction images contain heart 

induced signal components, which can be used to compute perfusion dependent parameters. This additional monitoring 

information helps to optimize patient-specific lung-protective ventilation strategies. The physiological interpretation of 

the heart induced signals and the derived perfusion parameters should be further investigated in more detail based on 

simulation studies. 

  

http://www.netdoktor.de/Diagnostik+Behandlungen/Untersuchungen/Single-Photon-Emission-Compute-5789.html
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Introduction 

Radio frequency (RF) pulses are used in magnetic resonance experiments to excite, invert and refocus magnetization. 

Computation of RF pulse shapes for a prescribed excitation profile is not trivial and therefore typically done by solving 

the simplified Bloch equation. Contrary to that, the presented design approach is based on the full time-dependent Bloch 

equations and allows a direct design of RF pulses that excite a specified target slice profile. While symmetric or 

antisymmetric magnetization patterns can be created with one component of the complex RF field, a fully arbitrary 

magnetization pattern requires both x- and y-components.  

 

Theory 

The efficient numerical solution of the optimal control problem is done by applying a Newton method which is embedded 

in a trust region framework using a matrix-free iterative solution of the Newton step. To achieve an accurate gradient 

information and application of the Hessian, the principles of adjoint calculus are used to compute exact derivatives by 

solving linearized equations forward and backward in time. The described approach is implemented in MATLAB and 

uses a constant trapezoidal slice selective gradient shape for the optimization of B1x and B1y.  

 

Results and Discussion 

The ability to control both components of the RF field simultaneously allows creating predefined arbitrary excitation 

patterns, e.g., simultaneous multislice pulses for three slices with different flip angles. The pulse shapes for both 

components are used to compute a complex RF shape, which is imported to a Siemens 3T Skyra MR scanner to validate 

the simulations with phantom and in-vivo experiments. 

 

Conclusion 

Typically, simultaneous multislice pulses are used to accelerate imaging experiments by an aliased acquisition of different 

slices with an identical flip angle. However, asymmetric excitation patterns with different flip 

angles could be used to accelerate quantitative parameter (e.g., T1 or T2) identification in multipulse experiments where 

each slice encodes a different temporal magnetization evolution. 
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Within a research project about the inner structure of craniofacial bone, 3D-visualization of skeletal metastases was 

chosen as a special focus. As cone beam computer tomography (CBCT) is characterized by high resolution, good bone 

contrast, and less radiation compared to spiral computer tomography (CT), evaluation of CT-based versus CBCT-based 

application was included to the research. 

For evaluation, a kind of envelope of the considered anatomical region, f.i. the mandibular condyle, was ipsi- and 

contralaterally segmented from CT-/CBCT-data. Bone metastases can be osteolytic, weakening the bone, and/or 

osteoblastic, linked to sclerotic processes. Based thereon, special transfer functions for slice oriented direct volume are 

defined, depending on whether CT or CBCT are evaluated. As detailed quantitative knowledge about Hounsfield values 

from CT is available, we there apply a physical color scale for graded display of the distribution of the gray values. For 

CBCT, we refer to two-tone visualization. The considered region is rendered in the foreground whereas the original 

anatomy is transparently displayed in black and white in the background.  

The approach is demonstrated for metastases in a mandibular condyle due to Mamma-Carcinoma. Both, CT- and CBCT-

based application provide precise display of localization and extent. Osteolytic processes in condylar head can be well 

differentiated. By ipsi-/contralateral comparison, affection of condylar neck is revealed. Quantitatively assessed, CT 

seems superior for evaluation of skeletal sclerosis. However, high resolution two-tone CBCT visualization displays 

detailed trabecular course which is nearly fully destroyed within the metastases.  

With this approach, the physician can efficiently examine the lesion at several glances. CBCT-based visualization is rated 

as very suitable for evaluation of osteolytic lesions which are usually harder to be found by conventional diagnosis. With 

regard to reduced radiation dose of CBCT, these results can be of high benefit for patients who are subjected to frequent 

radiological imaging.  
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In vivo distribution of iron oxide based contrast agents developed for Magnetic Resonance Imaging (MRI) of liver lesions 

can be monitored with Magnetic Particle Imaging (MPI) since this method relies on the non-linear response of magnetic 

nanoparticles. In MPI the particles provide a positive contrast compared to negative contrast in MRI which is related to 

the T2/T2* relaxation process. 

In this study the usability of MPI for liver visualizations and possible diagnostic as well as interventional applications is 

investigated and compared to MRI. Therefore, murine livers were labelled with iron oxide nanoparticles by intravenous 

injections of Resovist® (Bayer) with increased clinical doses (> 1 mg iron per kg body weight) at least four hours prior to 

the MPI measurements. The combined MPI-MRI measurements were performed on a 7T MRI (ClinScan, Bruker) and a 

preclinical MPI system (Bruker / Philips) according to an established workflow [1]. For reconstruction of the MPI 

measurement data and MPI-MRI image fusion a software framework based on the programming language Julia was used 

[2].  

The measurement results show good correlation between MPI and MRI with noticeable mapping of the MPI-based 

particle distributions and the darkened liver on the T2 weighted MR images. Thus, MPI based liver visualization is 

feasible. Further efforts to proove MPI as diagnostic and interventional tool are under investigation.   

[1] M. G. Kaul et al., Combined Preclinical Magnetic Particle Imaging and Magnetic Resonance Imaging: Initial Results 

in Mice. Rofo 187(5), 347-352 (2015). 

[2] T. Knopp and M. Hofmann, Online reconstruction of 3D magnetic particle imaging data. Phys. Med. Biol., accepted 

for publication (2016). 
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Magnetic Particle Imaging (MPI) is a novel imaging modality being capable to resolve magnetic nanoparticle (MNP) 

distributions in biomedical applications with excellent temporal and spatial resolution. Two main reconstruction 

techniques are used to obtain the image of a spatial MNP tracer distribution in MPI: model based and calibration based. 

The latter, used in this contribution, estimates the tracer distribution solving an inverse problem combining a (measured) 

system matrix and a measurement. Since the inverse problem is ill-posed, additional knowledge has to be added to 

approximate a solution. Nevertheless, the MPI is believed to be capable to deliver quantitative results. 

 

Resovist MNP at different concentrations were used as tracer to measure two system matrices and a tube phantom by 

MPI. The data were acquired on a Bruker pre-clinical MPI Scanner 25/20. Two system matrices using a small MNP 

sample (8 µL at 0.5 and 0.1 mol/l) were acquired with 100 averages, whereas the phantom measurements (pumping an 

MNP bolus of 0.2 mol/l through a tube of 1 mm diameter) were done without averaging.  Images of the phantom were 

reconstructed with the two different system functions using a Tikhonov regularization scheme with a fixed parameter and 

a modified Kaczmarz algorithm. The images display strong differences depending on the system matrix used.  

 

Thus, we studied the influence of the Tikhonov regularization by removing it and using a different reconstruction 

approach. This approach is truncate the system of equation based on the SNR of the measurement and the system matrix 

and approximate a solution using the same modified Kaczmarz algorithm. Again, similar results were obtained with a 

strong difference between the reconstructions of the phantom using different system matrices. Thus, to further localize 

the origin of the observed differences, a closer look at the physics behind the imaging process and the imaging device 

properties is required. 
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Pre-implant bone qualities influence the choice of implants, the surgical procedure, loading protocols and the prognosis 

of implant-supported prostheses. Currently, it is only possible to approximately determine bone densities preoperatively 

by using CT imaging. However, prior to uncomplicated surgical interventions three-dimensional diagnostics are often not 

performed as the additional radiation dose does not justify the information gain. It was the aim of this study to investigate 

the process of radiation-free quantitative ultrasound measurement (µUS) in preoperative evaluation of jawbone qualities 

and to verify the µUS measurements by micro-computed tomography (μCT) analysis. 

57 bone cylinders (Ø 8 mm) were taken from Costae, mandibulae and maxillae of pigs and stored at 5 °C. All samples 

were subjected to µUS and μCT analysis. The ultrasound transmission velocity (UTG), bone mineral density (BMD), 

BV/TV (total against trabecular bone volume), and the visual inspection of several experienced examiners to differentiate 

D1 from D4 bone were compared. The correlation between μCT and µUS was quantified using a reference material.  

Ethical approval: The research related to animals use has been complied with all the relevant national regulations and 

institutional policies for the care and use of animals. 

Both UTG and BMD (R = 0.483) as well as µUS and BV/TV (R = 0.437) showed good correlation. D4 bone is detected 

with a sensitivity of 74% and specificity of 74% at UTG<1700 m/s. D1 bone reaches achieves a 75% sensitivity and 87% 

specificity at UTG>2000 m/s. The differences between D2 and D3 did not show statistical significance. 

Using µCT scans to analyse the bone specimens for verification means of qUS measurements proved to be possible for 

the first time. The comparison of both methods shows that although the µUS measurement allows a radiation-free 

assessment of bone qualities, the accuracy of three-dimensional X-rays could not be achieved. In a next step intraoral 

measurements on patients will have to be performed. An enhanced µUS device might become a fast implantological 

diagnostical tool avoiding any radiation exposure. 
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Therapeutic ultrasound applications relying on coagulation (HIFU) or stimulation (LIFU) require the precise application 

of spatially confined acoustic energy. When it comes to brain disorders such as epilepsy or Parkinson’s disease, acoustic 

therapy/stimulation involves the application of acoustic fields through the skull.  

Due to its shape, the differences in acoustic impedance and speed of sound compared with the surrounding tissues, the 

skull leads to a reshaping of sound fields in comparison to fields in acoustically homogeneous tissues. Accordingly, 

precise and locally confined stimulation requires sophisticated methods for defining transmit delays.  

We compared different methods for predicting accurate delays allowing to focus the acoustic waves on a defined location 

through acoustically anisotropic media.   

A cranial bone geometry gained from a previously performed computed tomography scan was used as input data. For a 

given combination of array transducer position and focal point, the delays were calculated using a point source synthesis 

approach in consideration of the differences in thickness and geometry of the skull. As an alternative, ray tracing 

approaches were considered as well as FEM simulations.  

We investigated the level of simulation complexity that is required to achieve a reliable prediction of the delays which 

need to be used for accurate focussing through anisotropic media like the human skull. Furthermore, experimental 

methods relying on (optoacoustic) time reversal were investigated as well.  

Experimental studies were performed on phantoms realistically mimicking relevant therapeutic settings in order to 

highlight the distortion effects resulting of the propagation through anisotropic media. In a second step, delays obtained 

from the numerical modelling were applied in order to demonstrate the potential of the different simulations for the 

correction of propagation effects and consequently for focusing through anisotropic media.  
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Optoacoustic imaging combines high optical contrast with low acoustic scattering and extends optical imaging beyond 

the range of ballistic photons. Such as in any emerging modality, there is limited knowledge about the interpretation of 

optoacoustic data. For this reason, optoacoustic imaging is often combined with conventional ultrasound B-mode. 

However, most systems for “combined” US/OA imaging either work in optoacoustic or in ultrasound mode and a manual 

switching between the modalities is required. To overcome this limitation, we adapted our ultrafast ultrasound system 

(latest generation of DiPhAS – Digital Phased Array System, Fraunhofer IBMT) so that it enables an interleaved US/OA 

mode. In our high-speed system, the frame rate is only limited by the PRF of the laser system in optoacoustic mode. The 

system itself does only acquire channel data that are processed in a GPU. Data from 128 channels are digitized with 80 

MSamples/s. Currently, the base clock of the system is set to 100 Hz, which corresponds to the PRF of the integrated 

laser system (customized version of NT232, EKSPLA). The 10 ms between two trigger signals are used for one 

optoacoustic frame and multiple ultrasound plane wave acquisitions, whose number depends on the image depth (and the 

corresponding data amount) and the acoustic time of flight as an ultimate limit. The system was evaluated in both 

modalities with different linear array transducers in the frequency range from 5 to 10 MHz. The imaging performance 

was assessed on commercial phantoms for the ultrasound mode and on custom made wire phantoms for the optoacoustic 

mode. Further, hybrid US/OA data from subcutaneous vasculature were acquired from human probands. With its high 

frame rate capabilities, the system provides the technical prerequisites for imaging highly dynamic processes 

simultaneously in optoacoustic and ultrasound mode.  
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Shear wave elastography is a relatively recent technology aiming at extracting information concerning the stiffness of 

soft body tissue. This information can be very useful when it comes to diagnosing potentially carcinogenic body tissue, 

as stiffer tissue parts are more likely to be pathological than softer tissue parts. Shear wave elastography is based on a 

focused ultrasound beam in the examined tissue. The disturbance created by this focused beam travels orthogonally to 

the axis of the focal point through certain soft tissue (e.g.liver tissue) as a shear wave. New ultrasound imaging 

technologies, like ultrafast imaging, allow for the measurement of the propagation of those shear waves by imaging the 

induced displacements in the tissue. In this work, we extracted the shear wave speed (SWS) from simulated and 

experimental ultrasound signals as this SWS can be used to deduce quantitative stiffness information of tissue. In order 

to achieve this goal, several virtual and real experiments were performed and different approaches for measuring the SWS 

were implemented in MATLAB. The shear wave propagation simulations in soft tissue were performed in Field II. For 

experimental measurements, the “Digital Phased Array System” (DiPhAS) ultrasound research platform, developed by 

IBMT, was used as this system is capable of acquiring data sets at kHz rates. Different methods for extracting SWS and 

tissue stiffness parameters were applied to synthetic and experimental data in order to assess the accuracy of our 

algorithms. 

  



 Biomed Tech 2016; 61 (s148) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5013 S148 

 

ID: O-OP-18 

 

Analysis of corneal subbasal nerve fiber length in mosaic image series acquired 

by guided eye movements 
 

Stephan Allgeier, Institute for Applied Computer Science, Karlsruhe Institute of Technology, Karlsruhe, Germany, 

stephan.allgeier@kit.edu 

Karsten Winter, Institute of Anatomy, University of Leipzig, Leipzig, Germany, kwinter@rz.uni-leipzig.de 

Georg Bretthauer, Institute for Applied Computer Science, Karlsruhe Institute of Technology, Karlsruhe, Germany, 

georg.bretthauer@kit.edu 

Rudolf R. Guthoff, Department of Ophthalmology, University of Rostock, Rostock, Germany,  

rudolf.guthoff@uni-rostock.de 

Sabine Peschel, Department of Ophthalmology, University of Rostock, Rostock, Germany, sabine.peschel@yahoo.de 

Klaus-Martin Reichert, Institute for Applied Computer Science, Karlsruhe Institute of Technology, Karlsruhe, 

Germany, klaus.reichert@kit.edu 

Oliver Stachs, Department of Ophthalmology, University of Rostock, Rostock, Germany, oliver.stachs@uni-rostock.de 

Bernd Köhler, Institute for Applied Computer Science, Karlsruhe Institute of Technology, Karlsruhe, Germany, 

bernd.koehler@kit.edu 

 

A recently proposed technique enables the generation of continuously increasing mosaic images of the corneal subbasal 

nerve plexus (SNP) using in vivo corneal confocal microscopy (CCM). The aim of the present study was to investigate 

the progression of the corneal nerve fiber length (CNFL) measured in the growing mosaic images with regard to the 

increasing recorded area. Five large data sets that had been previously recorded from three healthy volunteers using the 

proposed CCM technique were included in the study. Intermediate mosaic images were created from successively 

growing partial data sets and assessed for CNFL. The measured CNFL progression shows both over- and underestimation 

and high variability of the CNFL for small observed areas. The relative deviation of means from values of two independent 

CCM examinations of two of the subjects reveals high differences for an observed area of <1.5 mm². Increasing the 

mosaic image area stabilizes the CNFL values and reduces both the moving variance (MV) as well as the intra-patient 

deviation in all datasets. The two provided measures quantify different area-dependent aspects of the CNFL measured in 

an expanding mosaic image. The MV measures how stable the CNFL can be considered at a certain mosaic size. The 

relative deviation of means from two repeated CCM examinations on the other hand provides some indication on the level 

of reliability that can be expected from the measured CNFL. The progression of CNFL in the examined datasets manifests 

a potentially very high variability for mosaic sizes of less than about 1.5 mm². Above that size, CNFL progression and 

the intra-patient relative deviations both stabilize significantly in all five datasets. The results of the present examination 

suggest a recommendation for a minimum sampled area of the central SNP of 1.5 mm² for reliable and meaningful 

measurement of CNFL. 
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Brain tumor resection is even with today’s modern imaging modalities one of the most challenging disciplines in 

neurosurgery. With the progression free survival time of the patient being related to the extent of resection, the 

neurosurgeon faces a trade-off between maximizing the degree of tumor resection and the risk of postoperative functional 

deficits. Intraoperative Optical Imaging (IOI) recently demonstrated its potential as a tool for localization of functional 

brain areas, such as the sensory or visual cortex. Here, we present a new IOI application for the intraoperative distinction 

of tumor and normal brain tissue. Therefore, IOI was combined with direct cortical stimulation (DCS). Measurements 

were intraoperatively performed on patients that underwent resection of superficial low-grade gliomas. The exposed 

cortical surface of each patient was directly electrically stimulated on multiple stimulation sites while simultaneously 

images of the cortical surface were acquired with a camera attached to the surgical microscope. Each electrode position 

of each stimulation site was classified in regard to stimulation of non-tumor or tumor tissue based on MRI data and 

whitelight images acquired after tumor resection. From each electrode position a time course, representing changes in the 

optical properties of the cortex induced by direct cortical stimulation, was extracted. A dynamic linear model was used to 

model the reflectance change induced by stimulation and to correct for heartbeat and respiration artifacts. Various features 

of the calculated reflectance time course models were compared to identify differences of non-tumor brain tissue and 

tumor tissue, respectively. The results reveal significant differences in model features, e.g. a higher maximum decrease 

in cortex reflectance on non-tumor stimulation sites. The results are giving first evidence that the method could be a useful 

tool for defining the resection borders during brain tumor surgery. 
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Since the beginning of the 1990’s Optical Coherence Tomography (OCT) has been established as a powerful technique 

for biomedical imaging. The first commercial application was in ophthalmology, followed by dermatology. OCT is a non-

invasive imaging modality with a typical resolution of 1-15 µm and a penetration depth of 1-2 mm. Due to these 

characteristics it has found its application in many research areas.  

The objective of our research is to investigate the potential of OCT to support neurosurgies by distinguishing different 

types of brain tissue which is a critical but essential challenge. In a study we measured ten ex vivo brain tissue samples 

with a commercially available Thorlabs Callisto OCT system. Eight of them were benign brain tumor samples 

(meningioma) and the two remaining samples contained healthy gray and white brain tissue. On the acquired three 

dimensional images a number of post processing steps were performed.  First a median filter was applied to suppress 

noise. Afterwards, for each B-Scan of the 3D data set, the region of interest was segmented and then divided into 32x32 

subimages. On these subimages a texture operator based on local binary patterns was applied and histograms were 

calculated. The dimensionality of these histograms was reduced by employing principal component analysis. Then a 

classification was done using a support vector machine with a radial basis kernel function. A grid search was performed 

to find the optimized parameters. Moreover a 10 fold cross validation was done to verify our results. The effiency of our 

approach was greater than 98% for the differentiation between the three tissue types. With these findings we can conclude 

that OCT in combination with local binary patterns is suitable to support neurosurgeries. In the future we will confirm 

this outcome by in vivo measurements.  
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Optical mapping is a widely used fluorescence imaging technique used in biomedical research for studying electrical 

wave propagation in the heart. The technique is capable of visualizing wave phenomena across macroscopic areas of the 

cardiac muscle with millisecond temporal and at millimeter to micrometer spatial resolutions. This resolution makes it a 

gold-standard technique for characterizing wave phenomena associated with different cardiac arrhythmias such as 

ventricular fibrillation. While the technique provides highly detailed visualizations of the behavior of, for instance, 

transmembrane voltage or intracellular calcium concentration, one of its major shortcomings is its sensitivity to motion 

artifacts. Motion artifacts can significantly distort the fluorescent signal and prohibit extraction of the measured 

parameters overall. Motion artifacts may be effectively suppressed using pharmacological uncoupling. However, we 

demonstrate that motion artifacts can also be significantly reduced using computer vision techniques. We show that image 

registration of the optical mapping data may result in stabilized image sequences with no visible motion. Motion artifacts 

arise due to relative motion of the camera sensor and the moving tissue. Conventional signal processing techniques used 

in the post-processing of optical mapping data enhances motion artifacs. Here, we present algorithms to characterize and 

inhibit motion artifacts observed in experimental video data and in synthetically generated optical mapping video data 

using electromechanical simulations. We show that motion artifacts can be significantly reduced such that in certain 

conditions the use of uncoupling substances becomes obsolete. 
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Tracking surgical instruments in image guided, minimally invasive interventions is an important task to increase the 

success of the procedure. Ultrasound is a non-ionizing imaging modality with real-time capabilities, which makes 

ultrasound attractive for monitoring instrument positions in minimally invasive interventions like core biopsies. On the 

other hand, highly echogenic objects like biopsy needles generate complex artifacts in ultrasound images, and thus impede 

to intuitively determine the position of the needle tip.  

 

Several approaches to enhance linear structures in medical images have been proposed like multiscale vessel enhancement 

filtering or 2-D filtering with “sticks”. We adopted this idea – called stick transform in the following – for use in 3-D data. 

 

A total of 44 ultrasound volumes has been acquired via the Art.Lab interface of a MyLab 70 ultrasound system (Esaote 

Europe B.V., The Netherlands) connected to a mechanical 3-D probe (BL433). The raw data – summed A-lines – contain 

the reflection signals of a 16 G (diameter = 1.29 mm) needle pushed into pork liver, which have varying azimuthal (φ) 

and polar (θ) needle orientation relative to the image planes. Sampling frequency of ultrasound raw data was 50 MHz, 

image reconstruction mainly consisted of Hilbert transform and logarithmic compression, and image volumes of cubic 

volxels (0.245 mm × 0. 245mm × 0. 245 mm) were generated. 

 

R × R × R image sub-volumes were correlated with equally sized binary templates of sticks with defined discrete stick 

orientation  discrete, . Such, each image sub-volume was assigned to an optimal fitting angle pair  opt, . Voxels 

then were classified by identical  opt, . The voxels of the largest class were approximated by a straight line using LS 

minimization. In addition, an expert defined the  expert,  (  90expert  due to in plane technique) for the needles.  

 

Best coincidence of automatically (  opt, ) and expert defined (  expert, ) needle axes was achieved for 

R≈10×diameter with 97%-quantiles misalignments  4exp ertopt   and  4exp ertopt  . 
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Introduction 

With a total of more than 10,000 operations in 2014 in Germany, transcatheter aortic valve replacement (TAVR) has 

become an established and widespread technique for treating severe aortic valve stenosis. However, patient-specific 

factors, in particular the severity and pattern of aortic valve calcification, can result in complications, such as paravalvular 

leakage, when using TAVR, which in turn can adversely effect long-term patient prognosis. Preoperative simulation of a 

TAVR provides vital information for the selection of the appropriate valve therapy (interventional vs conventional). 

Methods 

Numerical simulation models combine patient-specific vascular anatomy with bi-directional Fluid Structure Interaction 

(FSI). The patients’ thoracic arteries, including calcification deposits, are preoperatively captured using CT/MRT. 

Mimics® Innovation Suite was used for both segmentation and CAD editing. A 3D CAD model was generated by reverse 

engineering a biological aortic valve (porcine/bovine leaflets). Solvers, Fluent®, and Mechanical® (ANSYS®), were used 

to simulate flow inside the aortic model under two sets of material properties: linear elastic and hyperelastic. 

Results 

The simulation model was used to compute flow-induced leaflet movement in a biological model. The CFD Fluent® 

solver plotted major changes in the fluid mesh and high quality flow computations. Velocity traces for the two aortic 

models, linearly elastic and hyperelastic, were almost identical except at the peaks and troughs. Likewise, the development 

of shear stresses in both material property sets was similar. The aorta behaved linearly elastic at pressures in excess of 80 

mmHg; at pressures lower than 80 mmHg, the hyperelastic model more closely approximated reality. 

Conclusion 

This study vindicates the workflow used for the acquisition of patient-specific anatomy and bi-directional FSI simulation. 

The next step entails positioning the biological valve in the virtual, individualized anatomy before the FSI simulation to 

detect and reduce possible paravalvular leakage. 
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The topographical ductal anatomy of the breast is relevant for diagnostic and therapeutic reasons. Breast diagnostics is 

often directed to the detection of suspicious lesions having diameters in the range of millimeters. Malignancies can 

develop from precancerous malformations, which most frequent entities are ductal carcinoma in situ (DCIS). Those are 

originated in the ductal epithelium. A breast conserving therapy addresses a resection of a minimum of lobe tissue. The 

affected tissue can be identified in relation to the topographical ductal anatomy of the breast. Therefore, it seems adjuvant 

to detect mammary ducts. Galactography is are a common radiographic and technical demanding interventional technique 

to demonstrate selected ducts. Alternatively, highly resolved ultrasound volumes could potentially help to get deeper 

insight to the anatomical relations. 

 

Six volume data sets   ̶  approx. 720 × 560 × 320 voxels, resolution 0.07 mm × 0.21 mm × 0.52 mm (axial × lateral × 

elevational)  ̶  were acquired using a ACUSON S2000 Automated Breast Volume Scanner (ABVS) ultrasound system 

(Siemens Healthcare). They show the mammary ducts and lobuli down to lobuli glandulae mammariae even in the non-

lactating breast, blood vessels, cooper ligaments, and fatty tissue. Due to the limited resolution in elevational direction, 

terminal ductal lobular units (TDLUs) are are only visible occasionally, i.e. when mainly oriented along the axial-lateral 

plane. 

 

The following procedure was implemented: The user interactively identifies two distant voxels along a mammary duct. 

It is visualized by direct volume rendering with voxel’s gray scale-dependent opacity alternatively as a (1) straight line, 

as the (2) shortest path weighted by the voxel’s gray scale values or as the (3) shortest path weighted by structureness 

parameter from Frangi’s multiscale vessel enhancement filtering. Additionally, the enclosed tissue is visualized with 

viewing axis along and orthogonal to the mammary duct to demonstrate TDLUs. 

 

Shortes pathes (2, 3) did show the highest coincidence with expert determined mammary ducts, and structureness 

parameter weighting (3) could close small gaps in the duct. Viewing axis orthogonal to the mammary ducts could visualize 

the topographical relation of TDLUs to mammary ducts more clearly, due to the limited elevational resolution. 
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Magnetic nanoparticles (MNP) exhibit unique magnetic properties making them ideally suited for a variety of therapeutic 

(e.g. hyperthermia and targeted drug delivery) and diagnostic (e.g. magnetic resonance imaging and magnetic particle 

imaging) biomedical applications. Depending on the particular scope MNP must thereby meet special magnetic 

requirements which are closely related to their structural properties (e.g. size distribution). Furthermore, it is really 

challenging to prepare MNP with lowest size and shape dispersion making a reliable size determination difficult due to 

limitiations of common size measurement methods (e.g. dynamic light scattering, DLS).  

Chromatographic separation techniques, such as asymmetric flow field-flow fractionation (A4F), coupled with 

complementary detectors provide a powerful approach for size fractionated multidimensional analysis of MNP. We have 

recently introduced Magnetic Particle Spectrsocopy (MPS) as a novel online detector capable to magnetically quantify 

and characterize MNP under commonly applied A4F conditions. We successfully integrated MPS into an A4F multi-

detector platform including DLS, multi-angle laser light scattering as well as ultraviolet detection and investigated the 

commercial MRI contrast agents Resovist®, Endorem®, and Feraheme®. Compared to results of common batch mode 

measurements our A4F measurements revealed a complex size distribution with two distinct populations for Resovist®, 

and continous broad distributions for Endorem® and Feraheme®. Furthermore, we found by online MPS that the 

magnetically characteristic signature of the MNP was strongly affected by the hydrodynamic splitting appearing in a 

nonlinear dependence of MPS spectra (e.g. amplitude, harmonic ratio) on size.   

A novel method for separation and quantitative magnetic characterization was developed by coupling MPS with A4F. It 

turns out that online MPS method serves as an attractive extension of separation based MNP characterization. 
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When magnetic nanoparticles (MNP) are exposed to the blood circulation, a protein corona is formed immediately on 

particles surface. The composition of the protein corona might be of major importance for cellular uptake. Therefore, the 

aim of our study was to analyze corona formation during in vitro serum incubation depending on the composition of the 

protein source and to investigate the interactions of these particles with living cells. 

For the formation of the corona we incubated cytotoxic polyethylenimine (PEI) coated nanoparticles in defined mixtures 

of cell medium and fetal calf serum (FCS) for defined times and temperatures. Before and after the incubation the physical 

properties of the MNP were determined (zeta-potential, vibrating sample magnetometry, magnetorelaxometry, 

thermogravimetric analysis, transmission electron microscopy as well as sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE)). Effects on cell viability were investigated for human brain microvascular endothelial cells 

(HBMEC) by the CellTiter Glo™ test and for long-term viability by real time cell analysis (RTCA). Particle-cell 

interactions with HBMEC were investigated by means of flow cytometry of fluorochrome-labelled particles. 

Since the zeta potential of incubated MNP varies as a function of FCS concentration, its influence on the formation of the 

protein corona is clearly demonstrated. This effect was confirmed by SDS-PAGE and thermogravimetry. 

Magnetorelaxometry revealed that corona formation takes place within seconds. No cytotoxic effect of PEI-coated MNP 

was observed after protein corona formation. Similarly, long-term viability assays (RTCA) showed that the protein corona 

masks cytotoxic effects. Additionally, flow cytometry indicated that FCS coating reduces the particle-cell interaction of 

cytotoxic PEI-coated MNP. 

Here we present a promising novel type of biocompatible magnetic core-shell nanoparticles for application in medicine. 

Ongoing investigations focus on corona formation kinetics and in vitro and in vivo experiments on the biological fate of 

serum incubated MNP after cellular uptake. 

 

This work is supported by Deutsche Forschungsgemeinschaft (DFG) in frame of priority programme 1681 (FKZ: 

CL202/3-2, DU 1293/4-2, LU800/4-2, SCHA1640/7-1). 
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The study of sleep disorders is best done in a clinical sleep laboratory by polysomnography (PSG), which allows to record 

all physiological signals necessary to determine sleep macrostructure (sleep stages), sleep microstructure (arousal), as 

well as related behavior of cardio-respiratory parameters. Typical signals include electro-encephalography (EEG), 

electromyography (EMG), thorax and abdomen respiration movements, nasal air flow, electrocardiography (ECG), 

oxygen saturation, and time synchronized video. To perform studies of PSG signals in parallel with 

magnetoencephalography (MEG) is difficult. A MEG laboratory consists of a magnetically shielded room (MSR) as MEG 

requires very low ambient magnetic fields in the range of pT. Here we describe a setup of PSG which is compatible with 

MEG. Recording of electrical signals is often available in MEG and some of the EEG channels were used for ECG 

recording by using voltage dividers to avoid saturation. Bipolar electrical inputs were used for EMG. Custom made piezo 

sensors for thoraco-abdominal movement recording and a commercial thermocouple for nasal air flow allowed recording 

of these respiratory signals through available electrical inputs as both piezo crystals and thermocouples generate small 

voltages. For oxygen saturation measurements we assessed a commercial device developed for magnetic resonance 

tomography. It did not disturb the MEG recording and its output was recorded synchronously with the other signals. The 

recorded signals were stored in the EDF+ format and imported into clinical PSG scoring software for offline sleep 

analysis. Pilot data verified the operability of this PSG setup without interfering with the MEG. Future work will study 

the feasibility of sleep stage analysis with this PSG setup.  

 

  



 Biomed Tech 2016; 61 (s158) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5013 S158 

 

ID: O-OP-36 

 

Magnetorelaxometry tomography for quantitative imaging of the mobility of magnetic nanoparticles  

 

Maik Liebl, Physikalisch-Technische Bundesanstalt, Berlin, Institute of Biomedical Engineering and Informatics, 

Technische Universität Ilmenau, Germany, maik.liebl@ptb.de 

Uwe Steinhoff, Physikalisch-Technische Bundesanstalt, Berlin, Germany, uwe.steinhoff@ptb.de 

Daniel Baumgarten, Institute of Biomedical Engineering and Informatics, Technische Universität Ilmenau, Germany, 

Institute of Electrical and Biomedical Engineering, University of Health Sciences, Medical Informatics and 

Technology, Hall in Tyrol, Austria, daniel.baumgarten@tu-ilmenau.de 

Frank Wiekhorst, Physikalisch-Technische Bundesanstalt, Berlin, Germany, frank.wiekhorst@ptb.de 

 

Magnetic nanoparticles (MNPs) are applied as drug carriers or heat generators in novel cancer treatment approaches. For 

these applications a quantitative imaging of the MNP distribution inside a body is essential. Furthermore, since the MNPs 

are acting on a cellular level, an imaging taking into account their mobility within the biological matrix would be 

extremely advantageous.  

Magnetorelaxometry (MRX) tomography is based on the magnetic moment relaxation of MNPs after switching-off an 

external magnetic field. Thereby, the mobility of the MNPs partly determines the relaxation. At present, the image of a 

MNP distribution is reconstructed from sequential MRX measurements using varying magnetic field patterns for spatially 

encoded relaxation signals.  

We extended MRX tomography by including information about the influence of the MNP mobility on the relaxation into 

the reconstruction. In a first setup we used two different mobility states of MNPs, fluid (Brownian and Néel relaxation) 

and immobilized (merely Néel relaxation). For the measurements we assembled a suspension of fluid MNPs and 9 MNP 

loaded cubes (l=12mm) of MNP immobilized in gypsum inside a mount (10x10x6cm3). Magnetic field patterns were 

sequentially generated for 1s by 30 planar excitation coils (d=36mm) and relaxation signals were detected by the PTB 

304 SQUID magnetometer.  

We could reconstruct MNP distributions for bound and unbound MNPs with a resolution in the milligram per cm3 range 

and a total deviation of MNP amount of less than 10% within a field of view of 240 cm3. We conclude that MRX 

tomography provides a quantitative imaging of the spatial distribution and mobility of MNPs over volumes larger than 

100 cm3. Thus, MRX tomography might become a valuable tool in MNP-assisted cancer therapies allowing quantitatively 

imaging the MNP mobility. 
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High resolution imaging requires high frequency ultrasonic transducers. For fabrication, fine scale 1-3 piezocomposites 

are necessary. Due to the brittleness of the ceramic, the limited blade width and the increasing effort, conventional dice-

and-fill technique becomes increasingly insufficient as pillar size and kerf become smaller.  

The soft mold process offers the fabrication of fine scale piezoceramic arrays with free design of ceramic pillars. The 

basis of this approach are master molds, which are structured by microsystems technologies like LIGA, SU8 and deep 

reactive ion etching (DRIE). That allows a high variety of rod size, shape, spacing, and arrangement. The combination of 

silicon industry based microstructuring and ceramic molding is possible through soft plastic templates taken from the 

master mold, which are reusable. A ceramic slurry based on a piezoceramic material is filled into the soft molds under 

vacuum and therein dried. After demolding, array structures are debindered, sintered and filled with an epoxy polymer. 

Ceramic body and excessive epoxy are removed by grinding and the resulting 1-3 piezocomposite lapped to the desired 

thickness, electroded and poled.  

In this contribution, we report on the development of a 20 MHz ultrasonic transducer based on round piezoceramic pillars 

in hexagonal arrangement with sintered dimensions of 34 µm diameter, 160 µm height and 10 µm spacing. 1-3 

piezocomposites made of these structures show coupling coefficients kt = 0.6. Phased array ultrasonic probes have been 

manufactured by selection of appropriate backing and matching layers. The composition of the matching layers was 

adjusted to the acoustical impedance of water and grinded down in order to meet quarter wavelength criteria. For 

characterization of acoustic properties, pulse-echo curves and sound field intensity plots have been measured. 

Experimental results will be presented in detail and will be compared to modelled data. 
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A promising candidate for sensitive imaging of breast cancer is 3D ultrasound computer tomography (3D USCT). The 

main advantages of USCT are simultaneous recording of reflection, attenuation and speed of sound images, high image 

quality and fast data acquisition. Due to the defined patient positioning and no breast deformation, the volume images of 

the female breast are reproducible. Building such a device for clinical practice was not successful for a long time - mostly 

due to the huge data rate and the time-consuming image reconstruction. Currently, the first 2D systems have become 

available for clinical evaluation. At KIT we developed and tested the first full 3D USCT system. The 3D USCT device is 

equipped with 2041 ultrasound transducers with 2.5 MHz center frequency and 50% bandwidth. The data acquisition is 

carried out by sequentially selecting a single emitter, sending a frequency coded chirp and recording the transmitted and 

reflected waves with all receivers. Rotational and translational movement of the aperture is applied to enhance the image 

contrast. Up to 40 GB of raw data is digitized with 480 parallel channels at 12 Bit and 20 MHz sampling frequency. A 

3D synthetic aperture focusing technique (SAFT) is applied for reflectivity image reconstruction, which is highly 

compute-intensive. Sound speed and attenuation images are reconstructed using a straight ray based algebraic 

reconstruction technique. Parallel reconstruction on GPUs enables high resolution breast volumes in 40 minutes. In a first 

pilot study ten patients with different lesions were imaged. Speed of sound, attenuation and reflection images of each 

patient were derived from the raw data. Overlaid volumes of the modalities show qualitative and quantitative information 

at a glance. The results are promising as the breasts’ tissue structures and cancerous lesions could be identified in the 

USCT images. A larger clinical study was started recently.  
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Ultrasound imaging is a promising modality for molecular and vascular imaging in oncology using microbubbles as 

contrast agents. These microbubbles are clinically approved, have diameters of typically 1-2µm so that they can pass the 

smallest capillaries and provide sufficient contrast for single microbubble detection in ultrasound imaging. As resolution 

of ultrasound imaging is in the order of 100µm-500µm microbubbles close to each other cannot be resolved. However, 

when single microbubbles pass the capillaries they can be detected and localized with an accuracy much higher than the 

imaging resolution. Tracking the microbubble positions allows to generate super-resolution images of the vasculature 

together with flow velocities. Flow velocities below 1 mm/s can be measured, which is much lower than the velocities 

that can be measured by Doppler ultrasound. 

With dense flow patterns and up to hundreds of microbubbles detected in a single frame of a video sequence, tracking 

microbubbles becomes a complex combinatorial task that we address using multiple target tracking algorithms as Multiple 

Hypothesis Testing and Markov Chain Monte Carlo Data Association. We demonstrated the reliability of the algorithm 

in simulations, phantom measurements and in vivo measurement of different tumor xenografts. 

The results of the simulation and phantom studies demonstrate the ability to measure flow velocities of 1mm/s and below. 

The resolution achieved is about 10 times higher than the imaging resolution.  Results of super-resolution in in-vivo 

images of murine tumor xenografts are presented for different tumors. They show the potential of the method to image 

small capillaries with super-resolution and characterize the tumor types and their aggressiveness by their different vessel 

morphology and flow characteristics.   
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The visualization of dynamic processes of biological samples is a challenging task. One example with high clinical interest 

is the visualization of alveolar structures in lung tissue during uninterrupted mechanical ventilation. Imaging these 

processes in animal models like rats supports the understanding how different ventilation parameters affect the sensitive 

alveoli and improve the knowledge about protecting lung tissue during longterm ventilation treatments. By using a video 

camera with high magnification, a sample movement in axial direction often causes a loss of focal plane. Therefore, the 

camera focus has to be adjusted to track the sample movement properly. In this study, we present a custom-made 

selfadapting algorithm using a tunable liquid focus lens. The focus of this lens can be shifted by using an electroactuator 

whose effective current is adjustet via an USB lens driver connected to the PC. The focus value is estimated from the 

video image using edge detection. Because each sample moves a little bit different and movement characteristics change 

with frequency and amplitude which simulates different ventilation parameters (e. g. ventilation rate and ventilation 

volume), the focus lense cannot be driven with a fixed set of current values to keep the sample in focus. Therefore, our 

self-adapting algorithm uses an array of 100 current values for the whole periode and adjusts these values over several 

cycles by comparing focus values exctracted from the video images to decide which value has to be increased or decreased 

to fit the sample movement. 

With this setup, we are able to visualize the movement of a mechanically ventilated lung phantom over the distance of 

one millimeter in axial direction, which is in the same range of real lung tissue movement, whereat the adjustment takes 

just a few ventilation cycles. 
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Areal bone mineral density (aBMD), measured by dual energy x-ray absorptiometry (DXA), is the clinical gold standard 

to assess bone status. The aim of this ongoing study is to elucidate the question to which extend a decrease of spinal 

aBMD is caused by a decrease in bone volume or decree of mineralization of bone (DMB). DMB is indirectly reflected 

by the acoustic impedance measured with scanning acoustic microscopy (SAM), which was performed on half-cylindrical 

trabecular bone biopsies obtained during kyphoplasty surgery of 32 patients with atraumatic vertebral fracture (Fx) and 

posterior lumbar interbody fusion (PLIF) surgery of 30 patients with spinal degenerations (Ko). The biopsies had been 

embedded in PMMA for histomorphometric analysis and were polished to avoid artificial signal decrease caused by 

surface roughness. The confocal reflection amplitude was measured by scanning a 100-MHz focusing transducer over the 

sample. The matrix stiffness was estimated using a defocus correction and calibrated using homogeneous reference 

materials. The 95th percentile of the stiffness distribution was determined to evaluate potential differences between the 

two groups and a normalized elasticity distribution function was generated for each sample. These functions were then 

averaged for each group. No significant differences were found between the Fx and Ko groups (p=0.887). The shapes of 

the averaged functions were also similar, suggesting that tissue elasticity at the microscale does not differ between the 

two groups. This study will later be complemented by 3D histomorphometric data from micro-computed tomography 

(μCT) scans, aBMD of the lumbar spine by DXA and volumetric BMD (vBMD) and structural analysis results of clinical 

pQCT of selected vertebrae. In summary, these preliminary findings indicate, that reduced compressional strength of 

vertebrae is not due to a decrease in tissue elasticity, but likely to be dominated by differences in bone volume and 

trabecular architecture. 
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The institute for biomedical engineering and informatics at the Ilmenau University of Technology holds an experimental 

computer tomograph. It is an inverse third generation where the object and not the tube-detector-assembly is rotated. 

Since 2000 the reconstructions are done with the filtered backprojection and since 2013 an iterative reconstruction 

technique can be used. The main goal of the iterative technique is the reduction of radiation dose and a constant or even 

improved image quality at the same time. In general, the iterative reconstruction method compares synthetic projection 

data with the original projections and corrects the previously reconstructed image. We compared the resulting images 

from the filtered backprojection and from the iterative reconstruction and examined the imaging properties of the system 

with the two reconstruction methods. For the examination a specific phantom for computer tomograph evaluations was 

used. The phantom allows for the evaluation of the resolution by a PMMA-air pattern (0.3 mm – 1.0 mm), metal artefact 

examination, modulation transfer function calculation and the evaluation of Hounsfield units. Using this phantom, the 

iterative reconstructions show a significantly better image quality, especially in terms of resolution, contrast to noise ratio 

and signal to noise ration. Even a low dose acquisition (100 kV, 1.5 mA, 0.05 ms integration time) results in better image 

quality using the iterative reconstruction method compared to the filtered back projection. By adjusting the integration 

time, we examined four different doses at 25%, 50%, 75% and 100% of the full dose (100 kV, 1.5 mA, 0.2 ms integration 

time per projection). The only disadvantage of the iterative methods is the increase of the reconstruction time, which 

depends on the number of iterations. We could show in this study how the iterative reconstruction methods significantly 

improve the image quality while decreasing the radiation dose even at 25% of the full dose. 
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Small polymer rods (diameter = (150 – 700) µm, length = (0.7 – 8) mm, weight = (30 – 120) µg) are produced for 

pharmaceutical applications. For quality assurance-reasons the target weight has to be checked.  A high-precision, low 

throughput weighing instrument is presently used. For the next generation of polymers, the product dimensions are 

supposed to be further reduced while keeping the production tolerances constant. The latter is in conflict with present 

state-of the art weighing technology since the min weight specification will be violated. Since the density variation is 

known to be negligible an alternative approach is to determine the volume of the polymer rods.  The cross sections of the 

polymer rods are approximately circular. Due to the production of the fragments it cannot be assumed that the abutting 

faces are orthogonal to the symmetry axis of the polymer rod.  Therefore it has to be analyzed what the impact of small 

deviations from circular cross-sections as well as the non-ideal abutting faces is. Based on the current state-of-the-art-

technology the following methods are discussed: the sheet-of-light technique, computer tomography or the depth-from-

focus method. The advantage of all three methods is the non-contact, non-destructive measurement. Our new concept 

combines the advantages of the mentioned methods: it is invariant to color/brightness changes and pictures can be taken 

in any number. In addition the recording and evaluation are considerably faster. The polymer is observed by a camera in 

transmitted light. Therefore the diameter and the length are visible. The object is rotated around to the longitudinal axis 

by means of a mechanical fixture. Thus pictures of all sides can be recorded. The diameter and the length are calculated 

with the image processing. The approach is very promising. The uncertainty of the system will be characterized in the 

next steps. 
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Introduction 

Registration of DCE data is challenging since simultaneous intensity changes due to contrast agent and motion are a major 

obstacle for many conventional approaches. In this work we propose to overcome this problem by generating a virtual 

time series with reduced motion but conserved contrast-agent dynamic which is used as a template in an iterative 

registration process.  

Methods 

The proposed method of Virtual-Template-Registration (VTR) uses a registration of the motion-corrupted sequence onto 

a motion-free template in an iterative manner.   

Virtual templates were generated by using independent-component-analysis (ICA) in order to remove the motion-related 

components. Registration was carried with free-form-deformation-registration. The registered time-series was then again 

used to generate a VT which resulted in a motion reduction in every step.  

VTR was tested on clinical contrast-enhanced myocardial and renal perfusion data and on a synthetic kidney phantom 

that delivers a ground truth. Accurancy was evaluated by computing the RMSE to the ground truth. Motion displacements 

were evaluated over time before and after registration. Additionally, the mean intensity over a static ROI of the 

myocardium was evaluated for the cardiac perfusion data to show clinical relevance. 

Results 

The RMSE of the phantom was reduced by 73% compared to the motion-corrupted sequence. Absolute motion 

displacement range was reduced by 91% for the phantom, 60% for the cardiac-data and 67% for the renal-data, rendering 

an automatic evaluation of DCE-data possible, as mean intensity time curves over a static ROI further show. 

Conclusion 

VTR with the proposed ICA approach effectively compensates for motion in DCE-MRI data. It was successfully applied 

to clinical perfusion data and has the great potential of being a general approach for motion correction in DCE-MRI.  
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Introduction 

The SNR in ASL images is critical low; therefore denoising is important. In previous studies denoising was performed 

separately in time and space. In the present work, we propose a total-generalized-variation (TGV) based approach that 

uses temporal and spatial information for denoising and further couples the denoising of control and label images. The 

performance of the proposed technique and its influence on the CBF quantification is investigated and compared with 

five common ASL denoising techniques.  

 

Methods 

For baseline evaluation synthetic CBF maps were generated based on anatomical MR data. Furthermore, in-vivo high-

resolution pulsed ASL data were acquired on a 3T MR-system using PICORE-Q2TIPS single-shot EPI. CBF-maps of the 

acquired 500 control/label pairs served as pseudo-ground truth (Tscan=45min). As a general pre-processing, control/label 

images were motion corrected, detrended and outliers were removed. 

For the specific study, 50 control/label pairs (Tscan=4,5min) were simultaneously denoised in the spatio-temporal 

dimension with our variational method and compared to a selection of well-established spatial filters: Wavelet-based-

Wiener, adaptive Wiener, Anisotropic Diffusion, BM3D and DT-CWT-ONLM. After denoising CBF-maps were 

computed using a single-compartment model. In order to evaluate the effects of filtering, the difference in the mean CBF 

between the ground-truth and the denoised CBF-map was calculated in both grey and white matter.  

 

Results and Discussion 

The results of our study showed that denoising in general improves the visual quality of the CBF-maps but introduced a 

bias in absolute CBF-quantification ranging from 11% to 4% in grey- and 10% to 5% in white matter. In both cases, 

synthetic and in-vivo data, the quantification of the CBF was most precise using the proposed TGV method. 

 

Conclusion 

The proposed approach exploiting the coupling of control-label pairs performed best and allows the acquisition of 

perfusion maps with a resolution similar to DSC-MRI within clinical acceptable scan times. 
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Magnetic particle imaging is a new imaging modality in medicine. With a sampling rate of 46 volumes per second it is 

fast and free of ionizing radiation. The application of a magnetic tracer is mandatory. After intravenous injection its 

passage can be detected through the vascular system and its distribution in the body can be measured. We want to 

introduce analysis techniques applied to MPI data to track the propagation and to detect arrival times of the tracer material. 

First, we developed algorithms which fit a function to the signal time curve in each voxel. Next, we implemented a bolus 

tracking algorithm which analyses the movement of gravity of tracer distribution through 3D. To validate the algorithms, 

we build a flow phantom. We generated various flow velocities from 2 cm/s to 20 cm/s typical in a venous system of a 

mouse. Arrival time estimation analysis algorithm and those for bolus tracking were validated. This impact of velocity 

speeds on the accuracy was analysed. We found a good agreement with the predicted velocities in the phantom setting. 

In vivo measurements were performed in mice. Results analysed from MPI data were compared with those determined 

by magnetic resonance imaging. Here, a good agreement was found showing the feasibility to perform velocity 

measurements by MPI in vivo. 
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Medical imaging plays a major role in today's medical diagnostics. The automatic segmentation of medical image data 

resulting in isolated anatomic structures is one of the most important research topics in this field. While it is rather easy 

for a physician to identify and classify different anatomical structures in an image, the same task can be massively more 

complex for a computer algorithm. In order to automatically segment image data, computer systems often have to be 

trained. This training depends on training data sets which in turn, must be segmented by hand. Unfortunately, the process 

of manually labelling a specific region in a volumetric data set is a very cumbersome task. Recently, several online 

crowdsourcing platforms which support the handling of human micro tasks have emerged. These platforms connect 

requesters having specific tasks, with crowd workers who can solve these tasks. The aim of this project is the development 

and evaluation of such a platform which allows the segmentation of volumetric medical image data with the help of crowd 

workers. The platform is implemented as a HTML5 single page web application, which runs in the web browser without 

the need of any additional installations or plug-ins. We evaluated the platform and the resulting segmentations in a user 

trial. The results showed, that the platform was well able to support the distributed segmentation process and that the 

segmentation of medical images within a browser is possible. The quality of the segmentations made by the crowd workers 

is quite promising, but strongly depends on the presentation and characterization of the tasks to the workers as well as on 

the domain knowledge of the workers.  
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Intraoperative thermal imaging is an emerging technology to analyse cortical perfusion in neurosurgery. Neural activity 

monitoring represents one important application which can be achieved by exploiting neurovascular coupling. Increased 

metabolism caused by neural activity leads to local perfusion changes in eloquent areas of the brain that also correlate 

with weak temperature gradients. Knowledge about eloquent areas is important in case of tumour resections to support 

the surgeon’s decision about potential postoperative functional limitations. Inferring neural activity typically requires 

extensive experimental designs to increase statistical significance of the estimates. These experiments introduce a 

challenging amount of imaging data. In order to maximize the performance of the overall data processing workflow 

special attention has to be paid to the processing of a very large quantity of individual files. In this work, we propose the 

parallelization of a serial workflow by means of the MapReduce cluster computing paradigm. The approach allows 

massively parallel execution of the data processing workflow by restating it in terms of primitive operations. Apache 

Spark further enhances this paradigm by reducing disk accesses. This is especially favourable in case of large quantities 

of individual file input/output. Executing the data processing pipeline on a HPC cluster finally maximizes the throughput. 

We further quantify the scale-up of by an extensive evaluation scheme and found significant performance improvements 

compared to traditional approaches because of the inherent scalability. Another important influencing factor to the overall 

performance is the underlying storage technology. In contrast to traditional disk storage we furthermore evaluate the 

contribution of prevalent storage technologies, such as distributed storage or flash-based technologies. In summary, we 

reduced the overall runtime significantly by choosing the optimal storage technology for data I/O to enable maximum 

scalability of Apache Spark. Hence decreasing the delay of the intraoperative intervention by keeping the accuracy of the 

employed algorithms. 
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Following surgical planning based on MRI images, neurosurgeons intraoperativly need information about tumor 

localization and brain tissue functionality to define tumor resection borders. Electrophysiological measurements of brain 

activity is limited to the local spots of the used electrodes. In contrast intraoperative optical Imaging (IOI) identifies areas 

of increased metabolim caused by stimulation of specific brain functions.  IOI uses a special hardware setup that analyses 

selected wavelengths or broad band spectra (RGB) of the reflected light from the exposed cortex. Results after performing 

a stimulation protocol and complex image pro-cessing algorithms are two-dimensional navigated activity maps. 

Pseudocolored intraoperative calculated maps are characterizing the dynamics of relative intensity changes between rest 

and stimulation answer. They are visualized overlayed with co-registered microscope image. IOI is already applicable in 

clinical routine use during neurosurgical interventions in combination with standard hardware equipment. Seeking for 

more information in reflected light images, acquired contact-free and without additional dye, the dynamics of wavelength 

information of the whole spectrum (500 ... 1000 nm) are acquired with hyperspectral imaging (HSI). The reflected light 

is decomposed into individual spectral components with high spatial and time resolution. A hyperspectral datacube 

includes spectral information for each pixel of the two-dimensional image from the exposed brain area. Using an adapted 

light source and a hyperspectral camera prototype at a separate surgical microscope in parallel to IOI, first examinations 

demonstrated the feasibility of HSI in neurosurgical operating room. Further work will focus on the light source, camera 

parameter optimization, motion and reflection disturbance reduction, and data analysis to decide, if the HSI method could 

be reduced to multispectral imaging for characterizing tumor and differentiating eloquent from non-eloquent brain areas. 

Comparing preoperative MRI, intraoperative IOI, and HSI images with intraoperative anatomical landmarks (and 

electrophysological testing) intraoperative hyperspectral imaging seems to be a promising additional imaging option. 
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Fluorescence microscopy of cell experiments is an important part in research on microbial effectors on target host cells. 

Nevertheless, manual deleniation and analysis of the depicted cell in those images is time consuming and prone to errors 

leading to inter- and intra-observer variability. Hence, application of automated and semi-automated image segmentation 

algorithms is essential for high-throughput image analysis to ensure time efficiency and constant segmetation quality over 

a complete image set. Currently, expert based cell-deleniation is generally considered as the “gold standard” for the 

evaluation of such segmentation algorithms. But manual annotation and labelling of the image data is tedious and 

introduces errors (as mentioned above).  Especially so, if fluoresent micrographs with complex image data depiceting 

touching, overlapping or even overlaying cells are considered. Hence, in order to ensure an objective rating for such 

segmention algorithms, we simulate realistic fluorescent image data sets including known ground truth, based on real 

fluorescent image data. 

To enable the automated segmenation of touching or overlapping cells, an adaptive active contours approach is proposed. 

The approach is using a shape adaptive energy term calculated with an active shape model. Additionally, an intensity 

dependent interaction term between adajacent cells is introduced. The algorithm is evaluated on a series of five simulated 

micrograph data sets showing cells with increasing degree of overlap. These synthetic data sets are simulated based on 

image data depicting FDA stainded protoplasts. The parameters of the segmentation algorithm are automatically adapted 

to the ground truth optimizing a metric combined by accuracy and Jaccard index.  

The proposed algorithm produces a segmentation quality of 0.76 measured in Jaccard metric for isolated and touching 

cells to 0.61 for overlaying cells. The proposed algorithm is able to detect overlaps between adjacent cells and, thus, the 

segmentation quality is less dependent on the increasing degree of cell overlaps as for algorithms excluding overlaps. 
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Magnetic drug targeting (MDT) describes the selective targeting of therapeutics bound to magnetic nanoparticles (MNP) 

in a tissue or a region in the body, e. g. in a tumor, by magnetic fields. For an efficient tumor therapy with MDT, it is 

important that significant amounts of the drugs bound to MNP reach the tumor site. 

In order to predict the accumulated amount of MNP in tumors, FEM simulations of the behavior of magnetic MNP in 

capillaries under the influence of a magnetic field were performed. The physical and chemical properties of the MNP as 

well as interactions between MNP were taken into account and the adsorption coefficient of the MNP at the capillary wall 

for different magnetic field configurations was calculated. 

The simulation results were compared to experimental data taken from magnetic targeting investigations performed with 

self-synthesized MNP in a microfluidic setup which consisted of two micro-channels, several magnets and a light 

microscope with an integrated video camera. The analysis of the absorption coefficient of MNP in the microchannels was 

performed by image processing. 

The highest predicted adsorption coefficient within one hour at the capillary wall was approx. 7 % of the MNP total 

amount flowing through the capillary. This value is much lower than the adsorption coefficient of approx. 54 % 

determined from experimental investigations. The big difference between these two values can be explained by the 

formation and accumulation of MNP agglomerates especially at the intersection of two microchannels which constitute 

more than one half of the total accumulated amount of MNP in the microchannels. This phenomenon must be considered 

for future simulations. 
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Selective imaging of pathological areas and targeted drug delivery are crucial for efficient diagnostics and therapy. Drug 

delivery to the brain is a particular challenge.  

We generated highly cationic lipopeptides that form micelles and bind to liposomes (1). Cargos, covalently bound or 

incorporated into such carriers are selectively transported into blood brain barrier endothelial cells (2,3). Basis for the 

selective uptake of the different systems is the activation of clathrin-mediated endocytosis, a process which is not 

addressed in other vessel endothelial cells. 

Here we present the development of peptide-modified micellar and liposomal carriers for the selective transport of  

cryptophane-A (CrA) into human brain capillary endothelial cells. Chemical exchange saturation transfer with 

hyperpolarized xenon nuclei (Hyper-CEST) allows highly sensitive detection of supramolecular cages such as CrA in 

non-invasive Magnetic Resonance Imaging (MRI). Incorporation into liposomes distinctly reduced the toxicity of the 

hydrophobic CrA and a one nanomolar concentration generated sufficient contrast to distinguish between brain capillary 

and aortic endothelial cells. Covalent attachment did not influence the micelle characteristics and provided additional 

advantages as it results in high local cage concentration and allows more reliable quantification of the signal molecule. 

The peptide-modified carriers combine a high selectivity for human brain capillary endothelial cells with the great 

sensitivity of Xe Hyper-CEST MRI and might be a promising MRI tool. 
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Superparamagnetic Iron Oxide Nanoparticles (SPIONs) are investigated in view of biomedical applications, such as 

markers, magnetic field enhancement agents, and drug carriers. Most of the SPION applications rely on or will greatly 

profit from a quantitative representation of their spatial distribution in biological fluids and tissue. SPION properties, in 

particular their response to DC and AC magnetic excitation, strongly depends on their size end environment. We show 

that atomic magnetometers (AM) can serve as sensitive detectors for recording the DC and low-frequency susceptibility 

of SPIONs in ranges that are not accessible to conventional pickup-coil-based instruments. 

We will discuss in detail how AMs can be used for quantitative magnetic particle spectroscopy (MPS). The magnetization 

of SPIONs exposed to a harmonically oscillating field of several mT exhibits a characteristic anharmonicity, the spectrum 

of which is SPION size-distribution and environment specific. An MPS variant based on position-encoding by 

inhomogeneous fields yields an imaging modality called MPI (Magnetic Particle Imaging). 

AM measure the time-dependent magnetic induction Btot produced by the SPION sample’s magnetization MSPION. AM 

combine magnetic resonance with (laser) optical preparation/detection in a vapour of spin-polarized alkali atoms. In the 

chosen mode of operation the intensity of the laser beam transmitted by the vapour becomes modulated at the Larmor 

frequency that is proportional to the |Btot(t)|=|B0 +BSPION(t)|. Phase-sensitive demodulation allows the extraction of the 

signal of interest MSPION BSPION. 

The performance of our AM-based MPS device in terms of harmonics detection is comparable to the one achieved by 

commercial instruments, while operating in quasi-DC to a frequencies of a few tens of Hz. We are currently developing 

an AM-based MPI scanner and will report on its status. 
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Magnetic nanoparticles (MNP) are used in imaging modalities either to enhance the contrast as in magnetic resonance 

tomography or as direct probes as in magnetic particle imaging. To assess the performance of these imaging modalities 

sophisticated phantoms with defined MNP distributions have to be designed. All phantom materials should be inert, 

should not contain any magnetic impurities and should not exhibit interactions with MNP.  

To this end we investigated different 3D printing polymers and tubing materials using magnetic particle spectroscopy 

(MPS). MPS is capable to quantify magnetic impurities of the phantom materials and the amount of MNP that may adhere 

to the polymers and tubing material. We investigated the adhesion behavior by filling four different MNP suspensions 

(Fluidmag-D, Resovist, Endorem, Feraheme) into different 3D printed small containers (E-Shell 200, E-Shell 600, R05 

Gray, R05) and tubing materials (Silicon, FEP, Tygon, PTFE, PVC) with an inner contact surface of 25 mm2. After 5 

minutes the MNP were removed and the material probes were cleaned with ultra-pure water.   

The measured MPS signals (Bexc=25 mT, fexc=25 kHz) were used to quantify the adhered MNP amount by referencing to 

samples with known MNP amount. The MNP adhesion significantly varied for polymer materials. Silicon has one order 

of magnitude higher adhesion than PTFE. Of the MNP, Fluidmag-D shows strongest adhesion to the tested materials with 

an eight times higher adhesion to R05 and four times higher to PTFE as compared with Resovist.  

To conclude, MPS is ideally suitable to assist the development of phantoms by rapid and sensitive magnetic material 

characterization using small alliqot samples. 
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Magnetic Particle Imaging (MPI) is a promising approach to determine the spatial distribution of magnetic nanoparticles 

(MNP) within tissue. To evaluate the performance of existing MPI-scanners, dedicated phantoms with predefined MNP 

distributions are essential. 

Prerequirement for the development of such phantoms is the establishment of suitable MNP-matrix combinations. They 

should enable homogeneous MNP distributions at defined concentrations combined with immobilization of the MNP 

within the matrix to guarantee long-term stability of magnetic behavior and high mechanical stability of the matrix 

material. Therefore, two different gel types, water based biopolymers (e.g. agarose) and synthetic polymers (e.g. 

silicones), were used as matrix materials. Both show similar imaging behavior in MRI and MPI compared to body tissue. 

Aqueous suspensions of MNP coated with functionalized dextranes were embedded into biopolymers, and organic fluids 

(e.g. dodecane) with oleic acid coated MNP into synthetic polymers, respectively. 

The obtained MNP-matrix combinations were tested for their mechanical stability. The homogeneity of MNP distribution 

was investigated with a microscope and the immobilization of the MNP within the matrix was measured with vibrating 

sample magnetometry. Appropriated MNP-matrix combinations were used to manufacture measurement objects of 

different shape (spheres, cylinders, cubes) and different size (5, 10, 20 mm) embedded in a phantom matrix with a 

geometry of a cylinder with D = 50 mm and H = 60 mm. Those phantoms were evaluated for their suitability to simulate 

MNP loaded areas within a nonmagnetic matrix by means of MRI (Bruker Icon) and MPI (Bruker BioSpin preclinical 

MPI-scanner). 

In summary, we found suitable combinations of coated magnetic nanoparticles and matrix materials for the buildup of 

long-term stable MPI phantoms, which guarantee a fixation of the MNP within the matrix without agglomeration of the 

particles. Several strategies for preparation of measurement phantoms were tested and will be discussed in our 

presentation. 
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Magnetic Particle Imaging (MPI) is a novel biomedical imaging modality capable to quantify magnetic nanoparticles 

(MNP) with excellent temporal and spatial resolution. Besides the development of MPI scanner systems and image 

reconstruction, MNP properties are of vital importance for MPI image quality. Magnetic Particle Spectroscopy (MPS) 

has been proven a valuable tool to estimate the signals of a given tracer that can be expected in MPI. MPS constitutes the 

zero dimensional counterpart of MPI as it is based on the same physical principle to detect the non-linear magnetization 

response of MNP.  

In order to allow a direct measure of the MPI performance of MNP in a given MPI scanner, we developed a more 

straightforward procedure for tracer evaluation using the preclinical Bruker MPI system. Therefore, the peculiarities of 

the signal spectra obtained with MPS (Bruker MPS-3) and the preclinical MPI scanner (Bruker 25/20), both operating at 

the same frequency, of structurally different MNP (Fluidmag, Chemicell GmbH; Resovist®, Bayer HealthCare; multi-

core MNP, Charité) were investigated and compared. Whereas, MPS uses an uniaxial excitation to detect spectral 

magnetic signals (down to 5·10-12Am2) of a tracer sample, the preclinical MPI scanner moves the so-called Field-Free-

Point through the sample volume along a 3D Lissajous trajectory (gradient fields: 1.25, 1.25 and 2.50 T/m). The sensitivity 

of the coils and of the electronics are currently unknown, but similar on the scanner of the same series. 

To correlate MPI and MPS signals, we applied the harmonic number at which the MNP signal reached the level of 

background signal. We found correlations between the spectra generated by both devices for different tracer types, 

concentration and volumes. Using the MPI spectra allowed for direct assessment of MPI performance of the different 

MNP types circumventing the time consuming system function acquisition. 
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Within the field of hearing prostheses several different devices are available which are applied depending on the kind and 

severity of hearing deficits experienced by the individual patient. For patients with residual hearing the combination of a 

hearing aid with a cochlea implant (EAS - electric acoustic stimulation) results in the best quality of hearing perception. 

In order to optimize EAS, ongoing research focusses on the integration of these stimuli in a single device. Different inner 

ear actuator concepts were analyzed yielding piezoelectric bimorphs as the most feasible one. It could be shown, that in 

the previously presented cochlea model the positioning and operation of the intracochlear actuator according to the 

tonotopic cochlea map (i.e. resonant positioning) causes a sharpening of the basilar membrane (BM) oscillation peaks 

and might therefore enhance frequency selectivity for patients with residual hearing, whereas the non-resonant positioning 

causes two BM displacement maxima. For the experimental validation of the numerical results, the actuator performance 

in the cochlea test rig, built for the experimental analysis of the cochlea mechanism as well as different inner ear actuator 

concepts, and the resulting BM oscillations were evaluated showing promising results. 
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Direct acoustic cochlear stimulator (DACS) is a recently released active hearing implant that works on the principle of a 

conventional stapes prosthesis driven by the rod of an electromagnetic actuator. It is indicated for patients suffering a so 

called combined hearing loss. In this hearing loss the transmission from the outer ear to the inner ear and the inner ear 

itself is affected. 

An inherent part of the DACS actuator is a thin titanium diaphragm, which allows movement of the stimulation rod while 

hermetically sealing the housing. Additional to mechanical stimulation, the actuator emits sound into the mastoid cavity 

because of its diaphragm’s motion. We investigated the use of the sound emission of the DACS for intra-operative test. 

We measured sound emission in the external auditory canal and actuator velocity in five implanted ears of whole-head 

specimens. We tested the influence of simulated implant malfunction on the sound pressure in the external ear canal. We 

investigated variations of the position of the actuator and microphone. Sound emission of the DACS with a signal-to-

noise ratio > 10 dB was observed between 0.5 and 5 kHz. Simulated implant misplacement or malfunction could be 

detected by the absence or shift in frequency of the characteristic resonance of the actuator. The sound pressure in the 

external ear canal changed less than 5 dB for clinically relevant variations of microphone and actuator position. Our data 

support the feasibility of acoustical measurements for in situ testing of a DACS implant in the mastoid cavity as well as 

for post-operative monitoring of the actuator’s function. 
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In the last decade, significant progress has been made towards stretchable electronics. Conductive elastomers have 

interesting properties for use in diverse conformal devices for implantable and wearable applications for monitoring, 

diagnosing and therapeutic purposes in medicine. Electrically interfacing tissue with stretchable conductors is promising 

for chronic implants in vivo due to their minimized mechanical mismatch at the implant-tissue interface, which leads to 

improved adaption to tissue movement and potentially to less foreign body reaction. The electromechanical material 

properties of novel stretchable conductors combining high conductivity while being thin, soft & stretchable enables novel 

implantation sites (especially for chronic use) hence allowing innovative applications where hard or flexible electrodes 

are prone to fail. 

 

We develop soft & stretchable conductors with improved electromechanical properties based on elastomers filled with 

metallic micro- and nanoparticles. Novel micro-fabrication methods for patterning such composite materials with 

improved performance allows for miniaturization of implants such as stretchable microelectrode arrays for chronic tissue 

interfaces for electrical stimulation and recording. Our implants maintain their functionality while being stretched well 

above 50% and are biocompatible and stable over extended periods of time in vivo. We show characterization of different 

implants based on soft & stretchable conductors for interfacing body tissue and demonstrate preliminary in vitro and in 

vivo results for applications like electromyography measurements and strain feedback with a focus on urodynamic 

measurements in rats. 
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For several years new materials for implants are one important research topic at Fraunhofer IFAM. Materials which do 

not have to be removed after implantation are of particular interest. Besides mechanically weak polymer-based and high 

loadable metal-based materials bioceramics are a promising class of materials. 

Brittle ceramics can be used in most applications where the components are compression loaded, as in case of interference 

screws. With regard to the interaction with the human bone calcium phosphate ceramics are very interesting for medical 

technology. They have excellent biocompatibility and are integrable in the bone, in case of synthetic hydroxyapatite (HA), 

or completely resorbable, for example tricalcium phosphate (TCP). Since the mechanical stability of the calcium 

phosphates is rather low, an adequate new implant design have to be developed. Therefore Fraunhofer IFAM woks 

together with partners from the University of Bremen and the university hospitals in Gießen and Marburg and Bonn (VIP-

project HA screw) in a BMBF-funded project. Within this project, interference screws were optimized for ceramics in 

terms of design and prepared of calcium phosphate. The newly developed screw nail is not screwed into the pre-drilled 

bone, but like a nail hammered. Due to its special thread the screw nail rotates by feed motion. Since number of rotation 

is lower than with standard interference screws, risk of injury of the transplant is minimized. Even in case of a new rupture 

of the ligament, the implant can be drilled out, whether it has been integrated or absorbed. With regard to the mechanical 

properties hammering of a ceramic component is still critical. Therefore, for first investigations the high-strength calcium 

phosphate, hydroxyapatite, was used. Its suitability has been demonstrated in a large animal study. Further development 

was the addition of silica to hydroxyapatite causes conversion of HA into TCP during sintering.  
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Motivation: Mandibular reconstructions can be performed by using a fibula transplant. The fixation of the transplanted 

fibula with respect to the remaining mandible can be optimized in various fields, e.g. a) specific plates adapted to the 

patient’s own bone geometry, b) modular plate sets to avoid large revisions or c) patient specific, topology optimized 

plates that even take care of the musculoscelettal conditions. The latter is part of a current research project and therefore 

will be discussed more closely. 

 

Methods: Topology optimized osteosynthesis plates are iteratively generated from a large, solid plate (so called 

“designspace”, that already fits to the surface of the bone fragments) to a lattice framework that is highly adapted to 

withsand a predefined mandibular loading case as well as surgical boundary conditions (e.g. the screw placements). The 

lattice information were used to manufacture patient-specific osteosynthesis plates made of medical grade titanium. Here, 

two manufacturing methods were evaluated: additive manufacturing and CNC-machining. During the research project all 

implants are also mechanically tested for their fatigue behavior using a custom made, multiaxial loading system. 

 

Results/Conclusion: Our recently developed design and validation process can be summarized as a feasible, highly 

efficient way of designing and manufacturing patient-specific osteosynthesis plates. While having access to the latest 

software-based manufacturing technologies we can directly produce plates from simple geometrical information sets. 

This approach will be one of the key manufacturing technologies to boost custom-made implants to competitive products 

that fit patients’ needs. 
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Since late 90s the high biocompatibility, great mechanical properties as well as the aesthetics of zirconia ensure increased 

use of zirconia based all-ceramic-restaurations. Major problem with all-ceramic-restaurations is the chipping behavior 

under functional load.  The weak point of all ceramic-restaurations is in general the bonding area between the framework 

and the veneering. Chipping is influenced by the framework design, surface topography and internal stresses as well as 

veneering technology.  

The aim of this work is to determine the influence of various process parameters on material properties viz. roughness 

and residual stress as well as the mechanical property bonding strength between zirconia and the veneering ceramic. For 

this zirconia specimens are grinded with different grain sizes dg and a variation of the parameters cutting speed vc and 

width of cut ae.  Following veneering is applied after surface treatment with and without the use of plasma by a variety of 

the ceramic mixing liquid (water/ethyl acetate). After grinding surface roughness, residual stresses and bond strength are 

measured. 

Bond strength is examined by a modified scratch test. The resulting scratch is evaluated at the beginning of the 

accumulation of similar failure events and associated penetration depth with respect to the measured critical tangential 

and normal forces. Significant failure events are first occurrence of cracks and first chipping events of the veneering. The 

chipped of surface of the veneer will be set in relation to the total area. 

Based on these results conclusions can be made about the process parameter that significantly influence the adhesive 

bonding between the zirconia specimen and the veneering. 
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The implantation of total hip endoprostheses is a frequent orthopaedic surgery. Therefore, it is necessary to improve the 

long-term fixation between bone and total hip implant to reduce the number of revision operations. Due to osteolysis the 

fixation strength between bone and implant can decrease and aseptic loosening can occur. It would be beneficial to adjust 

the resulting force between bone and implant after surgery, even after several years in order to guarantee primary and 

secondary implant stability.  

Our present research approach is predicated on the shape memory effect (SME) and superelasticity (SE) of NiTi. 

Superelastic sheets are integrated in the geometry of the total hip stem and prestressed by deformed actuating shape 

memory alloy (SMA) elements. The actuating elements could be activated by thermal energy, which can be provided 

wireless by a by electro-magnetic coupling using a transponder system. As a consequence of heat input, the actuating 

SMA elements return to their initial shape and release the superelastic sheets. By differing the sheet thickness it is possible 

to adjust the contact force/pressure between implant and bone stock. The outer surface of the superelastic sheets is coated 

and micro structured to improve the friction between bone and implant and to influence the bone ingrowth behaviour. 

The anchorage of the hip stem has to be monitored after the surgery with a sensor system which is integrated in the 

femoral head of the implant. Measurements has to be done in regular time intervalls after the implantation. The history 

of the measurements gives a picture about the progress of the anchorage process. 

Additive manufacturing by laser beam melting was used to manufacture the femoral stem with complex shaped cavities 

for later integration of the sensor and actuator components. 

Static and dynamic mechanical tests and bioinvestigations of the instrumented implant system provided promising results. 
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All-ceramic materials have gained popularity due to their high esthetic and biocompatible properties. When the high 

strength ceramic material Zirconia is used for implant abutments two different approaches can be followed. Firstly the 

abutment can be fabricated from monolithic Zirconia requiring centralized computer aided design (CAD)/computer aided 

manufacturing (CAM)-fabrication. The major drawback is that two different materials are in direct contact: the implant 

made from titanium and the abutment made from zirconia. If micro movement between the abutment and the implant 

occurs, the hard abutment material causes clinically relevant wear at the soft titanium. Therefore the second approach of 

fabricating an abutment is the more promising one. A titanium luting base is fabricated industrially and the dental 

laboratory fabricates the Zirconia abutment on top. However, this requires bonding of the Zirconia to the titanium base. 

Another promising approach is the use of this titanium bases and combine them with lithium disilicate for screw-retained 

restorations without an implant abutment. The screw-retention avoids cement excess and the possibility of inflammation 

caused by cement. 

The Munich Implant Concept (MICTM) combines the ideas described above with the fact that abutment change causes 

bone remodeling and influences the biological width negatively. The concept consists of the basic idea the implant 

position is capturing digitally during surgery. After the implant is placed a scan body is seated and the implant position 

is captured with an intraoral scanning device. The surgery site is sutured and bone healing takes place. Meanwhile the 

final restoration is fabricated and delivered at the time of re-entry. The soft tissues are sutured around the final crown. 

This avoids the change of healing caps and helps to create stable soft tissue conditions. Furthermore a final restoration is 

delivered at the second appointment, which makes this concept efficient and cost-effective.  
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Implants have become an indispensible option in prosthetic rehabilitation. The dentist has to evaluate the individual case 

and together with his team he decides on an individual optimal rehabilitation concept.  

Besides the comprehensive concepts of hard and soft tissue restoration a well-designed titanium dental implant system 

can help the dentist to satisfy his patient. 

There are some of the key issues of a successful and long-term stable restorations on the system side. 

A reliable reproducable osteointegration of the implant is most important. A new implant surface for faster 

osteointegration combined with new packaging concept will be addressed. A safe and easy handling of the armamentarium 

with a minimal number of components will be discussed. For a long-term stable prosthetic performance a supreme 

stability and relocation precision of the implant-abutment connection is essential. New design options and their 

development will be shown. Lastly easy perio-prosthetic-like lab procedures ensure a cost-effective treatment for the 

dentist and patient.  
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The interconnection of components in microfabricated devices is an essential process step that holds a large share in 

reliability and durability of a device. The Microflex interconnection (MFI) technique, used during the fabrication of the 

transverse intrafascicular multichannel electrode (TIME), enables a mechanical and electrical connection between a thin 

film electrode and a metallized substrate, using gold bonds as “microrivets”. For stabilization reasons, an epoxy coating 

is applied on the MFI area. When encapsulating a device that is connected by microflexing in silicone rubber, it is of great 

importance that silicone rubber and the stabilizing epoxy form a good adhesion to ensure mechanical stability of the 

product to prevent delamination. Since the currently used coating material Uhu Plus Endfest 300 is a non-certified epoxy, 

it is desirable to replace it as stabilization material by one of the ISO 10993 certified Epo-Tek epoxies. 

Therefore, we designed a test sample structure based on the design of the TIME implant to investigate the adhesion 

propierties of three different epoxies (Uhu Plus Endfest 300, Epo-Tek 353ND and Epo-Tek 353ND-T) to silicone rubber 

(Nusil MED-1000). We performed pull tests with 10 samples each to measure the tensile strength of the respective 

connection, using a calibrated Dage Series 4000 Bondtester with a cartridge applying forces up to 100 N. 

The lowest median breaking force was measured for the Epo-Tek 353ND-T, with a value of 9,7 N, followed by the Epo-

Tek 353ND with a strength of 16,5 N. The Uhu Plus Endfest 300 results exceeded these values with an median breaking 

strength of 33,8 N. Therefore, as for considering the adhesion to MED-1000, Epo-Tek 3553ND can further be investigated 

as a possibly suitable alternative for the Uhu Plus Endfest 300. Its certification facilitates the usage in clinical trials.  
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Connectors in implants enable the separation of the stimulator unit from the electrodes offering numerous advantages: 

enabling the exchange of defect components, facilitation of the implantation procedure and suppression of infections 

spreading along cables amongst others.  

The demands on such connector systems are high and to some degree contradicting: despite being immersed in body fluid, 

they have to maintain electrical isolation between individual channels and against their environment while having a high 

channel density. Furthermore, they should provide an electrical connection with reliable conducting properties that can 

be opened and closed easily. The better the connection of conducting parts and the tighter the seal around them, the more 

complicated the opening and reclosing of the connection. Therefore, only few successful systems can be found on the 

market.   

However, upcoming generations of neural implants with higher channel counts and yet smaller dimensions require new 

connector concepts. 

Former studies revealed that a planar multilayer technology already used for neural electrode arrays comprising silicone 

and noble metals shows promising results, especially regarding the isolation properties.  

A noval approach towards implantable high-channel connectors is to bring two arrays of metal pads, recessed in a silicone 

substrate, face-to-face in close contact to each other. In such a planar design, a strategy is needed to overcome the natural 

counteraction of isolation structures (the substrate acts as sealing gasket) in order to establish good electrical connections 

between mating metal pads.  

In this study, we tested several techniques to enable a reliable electrical connection despite protruding sealing structures 

using two approaches: first, aiming at the metal pad itself trying to shape or bend it and second aiming at the protrusion 

of the surrounding isolation. For each approach, the fabrication process has been adapted and samples have been 

manufactured and tested for conductive connection of mating metal pad arrays.   
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During the past decades the development of transformation toughened mixed oxide ceramics having enhanced strength 

and toughness properties has led to the more widespread consideration and adoption of these materials for medical 

applications. In addition to their material properties the lifespan of mixed oxide ceramic implants depends on surface as 

well as subsurface properties. These properties are determined by thermo-mechanical loads due to the rapid interaction 

of numerous abrasive grains with the workpiece during the manufacturing process. Therefore, successful utilization of 

ceramics depends not only on the availability of ceramics with improved material properties but also on the ability to 

machine them efficiently by grinding while maintaining surface quality and strength requirements. 

After grinding within a wide range of feed velocity vf, strength of the ceramics was tested by a four-point bending test. 

Due to increasing feed velocity the uncut chip thickness hcu increases, which provokes surface damage at a certain critical 

value. For the grinding experiments diamond tools with four different bond systems were used. The varied bond systems 

showed a significant influence on the decrease in bending strength of the ceramics in different ways. In comparison to 

metal and vitreous bond systems, use of resin and electroplated nickel bond systems provided higher values of the critical 

uncut chip thickness until the bending strength decreased. In order to correlate the residual strength behavior and the 

thermo-mechanical loads, process forces and ginding temperature were measured while grinding. Further workpiece 

roughness and tool wear were examined. 

Productivity of grinding, effect of feed velocity vf and different bond systems on the strength reduction of mixed oxide 

ceramics are analysed. With this knowledge, the process can be adjusted to get maximum efficiency while controlling 

surface damage and strength degradation in order to improve reliability of implants significantly. 
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Neural implants are often complex systems made out of several components. Manufacturing technologies are time 

consuming and costs are high. Non-destructive component validation can sort out malfunctioning parts, increases the total 

yield and thereby reduce total costs of the final systems. 

The Microflex interconnection (MFI) technique is used within the assembling of different thin film based implants like 

the transversal intrafascicular multichannel electrode (TIME). The MFI technique comes with the advantages of dense 

and flexible packaging. The disadvantage of the technique is, that once attached, the thin film cannot be exchanged 

anymore in case of malfunction. Therefore, we developed a new connector, which is non-destructive and reusable. 

The base of the connector is a block made out of brass with four guidance rods for a cover block and two fixation rods 

for each electrode. On top of the block a thin film structure made of polyimide (PI) is attached. The block and PI structure 

have a Zero Insertion Force (ZIF) access incorporated in order to provide easy electrical connection. On the test site for 

the thin film electrodes it ends in a structure, where the metallized part of the MFI structure can be easily applied. To hold 

both thin film structures aligned, the cover block is attached on top of the first block. Due to manufacturing a 5 μm gap 

occurs at the thin film contact sites, which results in a 10 µm gap when aligning two pads opposing each other. To 

overcome this gab several filling materials were applied. 

With this setup it was possible to perform electrical impedance spectroscopy, thus checking if the test samples were 

functioning. No filling material had to be used to bridge a gap of 10 µm gap in the connector thus preventing any 

contamination of the MFI contacts due to testing procedure. 
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Over the last years, we developed a novel picosecond (ps) laser fabrication process for laser-fabricated parylene C based 

electrode arrays. Depending on whether these electrode arrays are used to penetrate or encase a nerve different failure 

mechanisms might occur. In a design of experiment (DOE) approach several design parameters like distance, thickness 

and height of conducting tracks have been identified and studied in terms of long term effect on electrode array lifetime. 

Samples were directly structured with a LUMERA LASER Rapid10 ps laser. Both, substrate and insulation of parylene C 

layers as well as embedded metal sheets for electrodes and interconnects were laser-structured. Following a repetitive 

stress test the electrodes were monitored until they ceased to function. Whereas the duration until breakage was used in 

the DOE approach to maximise lifetime, the samples were further investigated under a light -as well as a scanning electron 

microscope. 

It could be observed that the failure mechanisms differ from parylene C electrode samples with integrated thin-film 

metallization. Whereas for these electrode arrays the main mechanical properties come from the substrate material, laser 

fabricated electrodes feature metal tracks that might be able to withstand more force than the complete surrounding 

substrate. Unrelated from the chosen design the actual failure mechanism always was breakage of the tracks. However, 

depending on the design the broken tracks might or might not penetrate the substrate material, thus leading to hazardous 

conditions for surrounding tissue. To explain the behaviour it was opted to regard the electrodes more like implantable 

cables and thus follow the respective test standards. 

In conclusion it could be observed that the novel fabrication process led to electrode arrays with enhanced handling 

properties compared to lithographic fabricated thin film electrodes. However, new challenges in terms of mechanical 

failure arise which need to be minimized by DOE. 
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For years the aim of research has been to get independent from batteries. There are proven solutions to power sensors 

permanently in industrial installations even if they are at places difficult to access on machines or plants. Energy 

harvesting devices convert ambient energy into electrical energy for autonomous operation. Most application use 

continuous energy sources like temperature gradients or vibrations of machines.  

To monitor the instantaneous heart rate independently of finite energy sources such as batteries a new power management 

system has been developed. It collects discontinuous power chunks that result from, amongst other things, the motion of 

arms at the upper torso. Due to the small amount of generated electrical energy a special hardware concept is necessary. 

The circuit is activated when enough energy is collected to power the sensor and signal processing unit.  

In spite of the small amounts of generated energy (µW-levels) several QRS complexes can be detected and the 

instantaneous heart rate can be derived. After processing the date will be sent wirelessly to a storage system, where they 

also can be visualized. The interval time between measurements depends on the person’s activity as well as the energy 

efficiency of the transducer technology.  

The system enables the usage of stochastic power chunks for non-periodic discontinuous measurements of vital data in 

body area networks. 
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Implant-associated infections as a result of biofilm formation at the implantation site are still a problem in orthopaedic 

surgery. Conventional antibiotic therapies are often ineffective against these biofilms, and the removing of the infected 

implant is sometimes the only option for eliminating the source of the infection. Drug eluting implants are one possibility 

to approach this problem. Unfortunately, there are no standardized measurements to characterize the drug release profile 

from coated implants. To reduce the number of animal studies and pave the way for faster and cheaper development 

cycles, a test method with a reasonable in-vitro/in-vivo correlation (IVIVC) is required.  

The experimental setup contains a modified flow cell with fluorescein-sodium as a model drug and a membrane as a 

diffusion barrier separating the flow channel from the drug. The concentration is measured spectroscopically. 

The membrane is a hydrogel made of poly(2-hydroxyethyl methacrylate) with ethylene glycol dimethacrylate (EGDMA) 

as a crosslinker. Due to their unique tunable properties these hydrogels are of great interest for medical and pharmaceutical 

applications and are well suited as substitution for different types of human tissues.   

We investigated the influence of different parameters like the amount of crosslinker and photoinitiator on the membrane 

swelling behavior and structure of the polymer network. Diffusion tests with fluorescein-sodium reveal that variation of 

the hydrogel parameters causes different drug permeability. The results match with our assumption due to the results of 

the former measurements and show that pHEMA is a promising material to mimic the natural diffusion barrier at the 

bone-implant interface.  
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Glaucoma is the leading cause of irreversible blindness worldwide. An in situ polymerizing local drug delivery (LDD) 

system for subconjunctival injection is a promising alternative approach to conventional eye drops, as it circumvents the 

need for patient adherence to daily treatment regimens. Initial animal experiments revealed great difficulties with regard 

to injection precision, particularly due to the force needed to inject the drug depot. In this study, dynamic viscosity and 

injection force of hyaluronic acid (HA) and 1,2-ethylene glycol bis(dilactic acid) (ELA-NCO) through a mixing 

extruder and various cannulas was analyzed experimentally and by means of computational fluid dynamics (CFD).  

The magnitude of complex dynamic viscosity of the analyzed fluid ELA-NCO-HA was 361.24 ± 64.74 Pas (n = 3). The 

injection force of ELA-NCO-HA through the mixing extruder obtained experimentally and by means of CFD-analysis 

was 9.20 ± 4.17 N (n = 3) and 2.71 N, respectively. Slight deviations of the injection forces were attributed to the 

ongoing polymerization process, resulting in continuously changing material properties in the experiments. In further 

CFD-analysis an injection force of 700 N was determined, using the current delivery setup with a 27Gx3/4″ cannula. 

Considering ergonomic aspects, 115 N is a guiding value for maximum injection force. By minor variation of cannula 

geometry, for example 26Gx1/2“, the injection force can be reduced by 72% on a more ergonomic level of 196 N.  

The presented methods are suitable for the enhancement of the LDD-system usability. For validation of the CFD-

analysis further experiments are necessary. Evaluation of the modified setup in a clinical application scenario requires 

further animal experiments. 
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Introduction  

3D printing is a promising technique in various applications. In medicine and biomedical engineering rapid tooling by 

means of 3D printing opens the field for patient-specific 3D models for preoperative planning or guidance for surgical 

interventions. In this work, 3D printing is used as a rapid tooling technique to generate a technical model of the aortic 

root as a vessel model for the in vitro hydrodynamic assessment of transcatheter aortic valves.  

 

Methods  

The geometry of the aortic root was adapted from Tulio et al.. A geometric model was constructed in PTC Creo Para-

metric 2.0 (PTC, Massachusetts, USA). A commercial FFF 3D printer was used to generate the parts of the casting 

mould (Ultimaker 2, Ultimaker B.V., Geldermalsen, Netherlands). The used filament was PLA.  

A commercial pulse duplicator system (ViVitrolabs, Victoria, Canada) was used for characterization of the hydrody-

namic performance of a pericardial, nitinol-stented heart valve.  

 

Results  

As a result, 3D printing of a three-parted casting mould was successful; all parts of the mould were dimensionally sta-

ble. A highly transparent silicone vessel model was casted. Aferwards, the new developed vascular model was success-

fully installed in a pulse duplicator system. A transcatheter aortic valve was also successfully implanted in the vascular 

model and measurements according to ISO 5840-3:2013 could be performed.  

Conclusion  

Within the presented work, manufacturing of a physiological model of the aortic root including geometrically relevant 

sinus valsalva is presented and first tests according to ISO Standards were performed. In further research, compliance of 

the model as well as other sinus geometries and their influence on measurements of hydrodynamic properties of 

transcatheter heart valves have to be investigated.   
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Peripheral nerve interfaces often rely on thin-film technology based on polymeric substrates material, because of their 

mechanical and electrical robustness. Although, these devices are highly flexible and can adept to most surfaces, it can 

be beneficial to predefine the curvature and shape of the substrate by a thermal post-processing step. Examples of great 

success are nerve cuffs. However, this induced internal stress has a high and unwanted effect to all layers of the neural 

probe and limits the shape to a single macro-scaled templated. In order to memorize more complex and smaller 3D-

structures, we study micro-origami concepts to tailored 3D shapes and mechanical properties. 

Therefore, substrates with 15-20 µm thick polyimide layer (U-Varnish S) were prepared and 10-15 µm depth grooves 

ablated with a picosecond pulsed laser. These grooves were filled up with different polymers (Cytop and Durimide 9725), 

which were subsequently soft-baked and locally exposed in the case of photo-crosslinkable polymers. After releasing the 

neural probes and cutting into the desired shape, they were finally cured with a respective high-temperature annealing 

step. Groove profiles as well as the bending angles after thermal shrinkage were analysed visually by an optical 

microscope. 

Laser ablation of polyimide substrate film was feasible to produce grooves of different shape and wall profiles. Minimal 

width of the grooves was 15 µm with desired length and depth. In extreme cases the slanted walls exhibited a slope of 45 

degrees. In first proof of concepts we were able to reach reliable angles of 5° and more per groove.  

This fast and cost effective process reduces the internal stress by local bending and gives rise to a precise and reproducible 

method for complex shapes and differing material properties. 
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Application of bioactive and bioinert calcium phosphate coatings is prospective approach to control the degradation rate 

of highly promising self-degradable magnesium bone implants. The current study describes the method of gas detonation 

deposition (GDD) to obtain high-quality bioactive and bioinert coatings based on hydroxyapatite (HA) and tricalcium 

phosphate (TCP) onto pure magnesium samples (tablets with thickness of 2 mm and diameter 5 mm). 

The surface morphology of deposited single- and double-layer coatings with and without zirconia dioxide (ZrO2) as well 

as the effect of deposition process on preservation of Ca/P ratio of initial powder was investigated. The previously 

optimized parameters (cyclicity 6 s-1, deposition distance 150 mm) were used for deposition. The composition of initial 

powders and obtained coatings as well as the surface morphology of the coatings was characterized using a scanning 

electron microscope (SEM) with a module for energy dispersive X-ray spectroscopy (EDX) (S-3400N, Hitachi, Japan). 

The surface morphology of HA-based coatings was homogeneous throughout the surface; whereas the surface 

morphology of TCP coated magnesium samples contained some irregularities that may be due to a wide size distribution 

of initial powder. The measured Ca/P ratio values were 1.96±0.09 and 1.98±0.12 for initial HA and TCP powders, 

respectively. The measured Ca/P ratio values for powders were found to be greater as compared with those specified in 

literature for stoichiometric HA (1.67) and TCP (1.50); they correspond to the Ca/P ratio value of tetra-calcium phosphate 

(TTCP – 2.00). On the other hand, the Ca/P ratio values for the coatings ZrO2/HA “mixture”, ZrO2/HA “sandwich”, HA 

and TCP were calculated as 1.83±0.21, 1.76±0.10, 1.84±0.22 and 1.67±0.07, respectively. 

In conclusion, the developed and utilized gas detonation deposition method is a highly promising approach to obtain 

bioactive and bioinert coatings based on calcium phosphate onto magnesium implants to control their degradation. 
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The paper shows the development of a micro machined sensor for implantation and monitoring the blood pressure of 

patients quite accurately. A functional system for hemodynamic controlling was developed and consists at least of an 

external transceiver and an implantable multi sensor unit. The implantable sensor elements are used to measure pressure, 

acceleration, temperature, voltage and impedance. In order to achieve the required miniaturization the acceleration sensor 

is based on MEMS technology. Other sensor elements are integrated in an application-specific integrated circuit. The 

three individual components as pressure sensor, acceleration sensor, and circuitry will be mounted on a ceramic interposer 

module. The acceleration sensor detects the module’s orientation in the earth gravitational field as well as strong impulsive 

events. The design of the acceleration sensor, the fabrication of lithography masks and the sensor manufacturing on 6-

inch wafers were done by Fraunhofer ENAS. Fraunhofer IMS developed the pressure sensor, the electronics for 

controlling the microsystem, the evaluation of the measurement as well as the integrated circuit. 

The measurement range of the acceleration sensor is from -180 ° to + 180 ° for two directions with an accuracy of +/- 5 ° 

especially for orientation monitoring. Furthermore the sensor enables the recognition of "impulsive events" with an 

extended measurement range of ±5 g. Such events will influence the pressure measurement and should be eliminated for 

evaluation. The sensing device is a two-axis micromechanical acceleration sensor with differential capacitive detection. 

With a dimension of 1 x 1 mm² of the MEMS core and a complete die size of 1.2 x 1.5 mm² the sensor is highly 

miniaturized and small enough for implantation. First characterization tests showed the system is working and are quite 

promising. Further work is focussed on the integration and packaging technologies of all the components including 

biocompatible thin film encapsulation. 
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The demographic trend and its challenges are globally and extensively discussed within different disciplines of research. 

Results of this discussion show among others that good general supply and service chains together with medical and 

social care are in old age necessary. Establishing efficient structures in living quarters is one approach to build up 

sustainable supply and service chains for elderly. The interdisciplinary research project “QuartiersNETZ” (English: 

Network of Quarters) focuses on this issue by developing customized end-user technologies, i.e. a digital social network. 

More precisely, medical care and nursing in early stages of diseases are essential elements for elderly in living quarters. 

Through an extension of the previous mentioned digital social network we additionally focus on bridging the gap between 

different stakeholder of the medical and nursing domain within the research project “Pflege im Quartier” (English: 

Medical Care in the Living Quarter). Thus, we enhance medical services in a living quarter for diseases in early stages 

through an improved collaboration between professionals. Besides medical care and nursing, the field of social work is 

often linked with elderly and disadvantaged people. Our new research idea in this domain supports social workers, patients 

and family relatives in a living quarter and thus further expands the supply and care chain. This new approach based on 

recommending and mobile systems allows us to bring abstract information and services, obtained in previous mentioned 

projects, to end users in an easy and efficient way. The exchange of abstract information among professionals enhances 

interdisciplinary collaboration and interoperability between various stakeholder and institutions. Additionally, the 

recommending system supports patients and relatives by considering their social relationships and context data. To 

achieve this, the system needs user related input data from the digital social network of the project “QuartiersNETZ”. 

Patients and relatives build their trust on the digital system through recommendations based on personal and social 

relationships. 
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As part of the research project Hannover Medical School Translational Research Framework (HaMSTR), we test 

OpenEHR-based data storage for a clinical data warehouse (CDW). Basic idea of OpenEHR is multi-level single source 

modelling, comprising a stable reference model and content models built on top of it. Domain experts can build 

semantically precise defined content models in content layer. Software is developed against the reference model. Thus, 

changes in content models do not require profound application system modifications leading to flexibility regarding 

medical contents. 

Currently, we set up processes for loading contents from intensive care units including data from medical devices (e.g. 

medical ventilators) and more common content (lab tests, diagnoses etc.) into an OpenEHR-based electronic health record 

(EHR) platform (Think!EHR Platform™, Marand). The CDW receives data from application systems (e.g. PDMS) and 

not directly from medical devices. However, the EHR used provides suitable interfaces for direct data entry from medical 

devices or personal medical devices (PMDs). We also evaluate if this platform can be of use as central data repository for 

clinical research at Hannover Medical School (MHH), replacing self-built research databases (Access, Filemaker, Excel 

etc.) with self-defined content models which are challenging to reuse later on.  

Integrating heterogeneous data from clinical routine, research and data from PMDs is challenging, but this approach 

seems convenient for structured data. However, we have no experience and see difficulties for storing multimedia, raw 

genomic sequencing or high frequency sensor data (e.g. accelerometry) directly into an OpenEHR-based EHR. Storing 

some metadata and linking the source might be more suitable. Also, though we are aware of other multilayer modelling 

approaches which could possibly provide the same benefits like OpenEHR (e.g. HL7 CDA or CEM) we chose OpenEHR 

because it seemed to become well-adapted and available tools fitted best to our requirements. 
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For the preparation and planning of a neurosurgery, surgeons use tomography data from CT and MRI images. This data 

is conventionally viewed on 2D monitors. 

Virtual reality (VR) headsets provide immersive views of virtual 3D scenes. Through improved performance and lower 

prices, such VR hardware has become increasingly popular for many applications.  

In this work, a software application for the immersive 3D-viewing of segmented brain structures, blood vessels and Dicom 

images with a VR headset has been developed. The software allows importing and displaying tomography data in the 

Dicom format and segmented 3D objects in the STL format. View angle and position and other viewing properties can 

be controlled. The user wearing the VR headset only sees the virtual scene. Therefore, a simple input device that is 

intuitively controllable without having to look on it was needed. As a cost effective and available solution, a current game 

controller for PC, the F310 form Logitech, Switzerland has been used. It allows the user to control the view position with 

analog thumb joysticks. With menus displayed as overlays in the 3D-view, the user can change additional viewing 

properties and options. 

The commercially available VR headset called Oculus Rift DK2 from Oculus VR, USA was used as display hardware. 

The system has been tested in a small usability study with 13 subjects. The subjects were assigned to different categories 

based on knowledge of neurological anatomy, experience with surgical navigation or video games and familiarity with 

gaming controllers. The test users had to use the system to solve a series of tasks. Afterwards they filled out questionnaire 

in order to assess different aspects of the usability. The clinicians were pleased with the immersive experience offered by 

the system and suggested that it could be used as a teaching tool for assistant doctors in neurosurgery. The most criticized 

aspect from users was a feeling of «motion sickness» when using the system. 
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The way of a new in-vitro diagnostic (IVD) medical device into the market may end in the valley of death of regulatory 

requirements. These requirements are regarded as considerable challenges especially for small and medium-sized 

enterprises (SME) with limited financial and human resources. Consequently, the development process results in 

innovative products often neglecting the consideration of the regulatory requirements. The conformity of a product may 

be demonstrated by the application of harmonised standards leading to the presumption of conformity. Among the large 

number of standards even for the manufacturers of IVD medical devices, it is sometimes difficult to identify those which 

are relevant for a particular requirement. Furthermore, the question arises, what additional sources can be used when there 

no harmonized standard is available. The VDE published this year the first guideline on the development and manufaction 

of IVD medical devices concentrating of the application of standards. In this presentation, an overview of the development 

process in the light of the legal framework and the respective standards for IVD medical devices will be given.  
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Nowadays, more than 10,000 different types of medical devices can be found in hospitals. In this regard, medical 

Electrical equipment are being employed in a wide variety of fields in medical sciences with different physiological 

effects and measurements. By the way, hospitals and medical centers must ensure that their critical medical devices are 

safe, accurate, reliable and operating at the required level of performance.  

Infusion devices are used extensively in clinical settings and patients’ homes as an essential tool for providing critical 

care, perioperative care and pain management. Because infusion pumps are frequently used to administer critical fluids, 

including high-risk medications, pump failures can have significant implications for patient safety. So, the reliability of 

infusion pumps is extremely important. Moreover, the safety incidents associated with infusion devices demonstrate that 

there is a need to adequately validate the accuracy and performance of these devices. The metrological reliability of fifty 

(50), infusion pump in use ten hospitals (4 privates and 6 publics) in one of the province according to international and 

national standards was evaluated.  

Quantitative analysis of flow rate accuracy measurements, showed the amount of the obtained results in many units are 

critical and have less value over the standard limitations, especially in devices with inappropriate IV set. For example, it 

has been seen, the usage of a wrong or nonstandard syringe or tubing set, which is not made based on the approved 

technical specifications, increases the occurred error percent and the inaccuracy 10 to 20 percent. It has been seen that the 

low quality batteries and the batteries which are sensitive to the improper voltage could reduce the outflow rate between 

10 to 30 percent. This could be occurring on the condition that the battery power reaches to 25% under the full power 

limit. 

Acquiring results indicate a need for new and severe regulations on periodic performance verifications and medical 

equipment quality control program especially in high risk instruments. It is also necessary provide training courses on the 

fundumental of operation and performane parameters for medical staff in the field of meterology in medicine and how 

can get good accuracy results especially in high risk medical devices. 
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As innovation is constantly driving medical device manufacturers to provide technical solutions for nowadays medical 

problems inevitably also new types of risks occur and need to be identified as early and reliably as possible to assure 

patient safety. In Germany the Federal Institute for Drugs and Medical Devices (BfArM) is the competent authority in 

charge for scientific risk assessment of most of the critical incidents that occur with medical devices. In addition to 

assessing each incident individually a new type of assessment by profiling risks patterns needs to be developed to allow 

for improved, software-based identification of common failure modes across device groups.  

Over the past eight years electrical failures have been identified by BfArM in about 15% of all determined failure modes 

per year and thereby rank number three behind the categories mechanical issues (~40%) and dysfunctional device (~25%). 

A disruption in power supply or early battery depletion accounts for more than a third of the electrical failures. In addition 

to this substantial amount of incidents received regarding power supply issues the spectrum of devices makes this group 

particularly interesting for building up a systematic ontology. Apart from power supply issues in many active implants 

such as cardiac pacemakers, implantable defibrillators, artificial hearts, and devices for neuromodulation, these types of 

issues also occur in devices for electrotherapy, infusion pumps as well as heart-lung machines.  

Evaluating different methods to transfer the domain specialist’s knowledge to such ontology for monitoring this specific 

risk profile as well as evaluating the resulting benefits is part of the recently started OntoPMS project and background, 

current approaches as well as first results will be presented. OntoPMS is a collaborative effort by medical device 

manufacturers and BfArM together with ontology and search specialists. 

The funding of OntoPMS is provided by the Federal Ministry of Education and Research program KMU-Innovativ/IKT 

(01IS15056G). 
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Introduction. Computational models of cardiac electromechanics are increasingly being applied to clinical problems, 

with patient-specific models being generated from high fidelity imaging and used to simulate patient physiology, 

pathophysiology and response to treatment. Advances in medical imaging technology provide data on cardiac anatomy 

at an ever increasing level of detail, facilitating the representation of all four chambers of a given patient’s heart with high 

geometric fidelity. In this study we report on recent methodological developments which facilitate the efficient generation 

of patient specific whole heart anatomy models from clinical image data. A set of 9 personalized anatomical models were 

generated for both healthy patients as well as various pathologies (DCM,…). A simplified representation of the cardiac 

conduction system was incorporated to compute activation and repolarization sequences as well as the body surface ECG 

using a monodomain model. 
 
Methods. MRI scans of human hearts were semi-automatically segmented and classified. Variational smoothing was 

applied to mitigate surface artifacts originating from insufficient scan resolution. The smoothed geometry was then 

rendered at a higher resolution and output as a labelled image dataset. Unstructured and locally refined tetrahedral meshes 

of the cardiac geometry were generated at different resolutions. Label information from the image processing step was 

incorporated into the generated mesh and used for local mesh refinement and later application for model boundary 

conditions. In absence of diffusion tensor imaging data, a Laplace-Dirichlet rule-based algorithm was employed to assign 

fiber and sheet information in both ventricles. Using a priori knowledge, the anatomical locations of fascicles were 

iteratively adjusted to obtain realistic QRS morphologies. 
 
Results and Conclusions. The methodology has been applied to nine patient cases, generating a set of personalized, 

highly detailed cardiac computer models. The model building workflow has been efficiently streamlined and makes 

patient specific modeling feasible with relatively fast turnaround times. 
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The oral presentation will be based on a recently published study. Overall, it will deal with the composition of inventor 

teams and its influence on technological progress as well as the efficiency in innovation processes. A special focus is 

given to the specific role of collaboration between academia and industry. However, further aspects are going to be 

discussed. In sum, it will be asked how the efficiency of innovation processes can be influenced from the inventor team’s 

perspective. In a first step, the presentation will give a brief overview on the empirical strategy and the main results. The 

papers content is summarized as follows. It is generally claimed that universities provide the scientific basis for future 

technological progress. Still, empirical evidence of the impact of direct links between universities and firms remains weak 

and is often inconsistent. The study contributes to the literature by analyzing how direct academic involvement affects 

the output of inventive activities of research teams with different organizational backgrounds. By applying a unique 

dataset of German academic and corporate patents, the authors find that boundary-spanning knowledge production with 

academic inventors raises the innovative performance of SMEs and MNEs. Finally, in line with previous research, the 

results generally indicate a limiting effect of geographical proximity, while teams with academic involvement appear to 

be less affected. These results are going to be enriched by additional literature on factors influencing the efficiency of 

innovation processes from an inventor team’s perspective.  
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Due to sustained market growth, intense competition and increased size of companies the innovation process has to be 

reshaped.  

Four key elements were identified to be of paramount importance for success: 

1) Know what you need 

2) Open mindset 

3) Defined innovation process with clear responsibilities 

4) Combination of Screening and Scouting 

In this presentation the focus will be on Screening and Scouting. 

For the screening an idea portal was developed. Straumann is the first company in the sector to set up a global, web-based 

innovation platform. Since 2014, the Straumann Ideas website has been available for clients, researchers, clinicians and 

employees to pass on their innovative ideas to us. After approving the legal conditions for data transfer, interested parties 

are guided through the idea registration process. This triggers the internal evaluation process, which is led by the 

innovation forum, a cross functional group of internal experts. The commercial potential and its match to the portfolio 

strategy is assessed in a systematic manner. 

For scouting a special open innovation completion process was successfully used. After a clear definition of the need, a 

screening of publications and patents revealed 90 potential collaboration partners. Thereof 4 partners accepted to 

participate in an innovation challenge. After a six months competition phase the two winning candidates entered into a 

formal collaboration project. Recently as a result of this challenge, a product was introduced to the market in a limited 

market release, notably a product category where Straumann was not present before. 

The four key elements mentioned at the beginning are a solid framework to generate new innovations for Straumann. 

Nevertheless, success will still depend on a few individuals who are visionary and at the same time are not fearing to fail. 
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Hypothermia, a condition of abnormally low body temperature, has a relevant impact on physiological regulatory 

mechanisms in the cardiovascular system. Electrophysiological changes in hypothermia can be observed through 

morphological variances in the ECG caused by alterations in ion channel dynamics. These changes lead to modulations 

of the action potential morphology and a decreased intercellular conduction of atrial and ventricular cells, and 

subsequently to changes in the ECG. These changes comprise e.g. an alteration of the T-wave, a prolongation of 

electrocardiographic time intervals and the formation of an additional wave (J-wave). This work provides an overview on 

mathematical modeling and experimental validation of hypothermal-induced mechanisms in the heart. A temperature-

dependent cardiac cell model was developed, allowing for simulation and investigation of the action potential of single 

cells and the modulation of the electrical excitation and wavefront propagation in ventricular tissue. Using this model, a 

pseudo ECG can be computed, demonstrating alterations in ECG formation during cooling. To investigate transmural 

temperature profiles in the ventricular wall in strong hypothermia, a finite element model (FEM) using the Pennes’ bioheat 

equation was developed. In cardiac cryoablation, a minimal invasive clinical procedure to treat cardiac arrhythmias, 

different ablation scenarios such as multiple freeze-thaw cycles can be applied. This FEM-Model was now used to 

simulate and evaluate different ablation scenarios to optimize the clinical intervention. In-vivo and in-vitro experiments 

were carried out to prove and validate the computer models. Changes in electrical excitation and ECG formation could 

be confirmed via ECG and field potential measurements in the house swine and chicken cardiomyocyte cell layers, 

respectively using multi electrode array technology. Our work contributes towards a better understanding of 

electrophysiological and biophysical mechanisms in cardiac tissue in hypothermia which is urgently needed for the 

development of new diagnostic and therapeutic applications in clinical cardiology.  
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Myocardial ischemia arises due to a mismatch between the tissue’s metabolic demand and the blood supply of substrates. 

It can degenerate in acute ischemia and infarction (irreversible cell death). Ischemia is also followed by profound 

metabolic changes: hyperkalemia (increment of extracellular potassium), hypoxia (deprivation of adequate oxygen 

supply) and acidosis (increment of blood acidity). 

In this study we present a modified version of the Luo Rudy I model under acute ischemic conditions, in which the 

mentioned metabolic changes have been introduced. Simulations are run in 2D anisotropic and heterogeneous sheets of 

myocardial tissue according to the bidomain formulation, taking into account the effects that acute ischemia exerts on 

tissue’s conduction properties. In this perspective, ischemic heterogeneities are treated as less conductive areas subdivided 

into three different regions: a central ischemic zone (IZ), a border zone (BZ, linear transition between physiological and 

ischemic values) and healthy tissue. 

This study also relies on the theory of virtual electrode polarization (VEP) in response to far field pacing. As widely 

investigated, heterogeneities can serve as cores for functional and anatomical reentries. In response to an applied electric 

field and under certain conditions, areas near the cores experience greater (positive and negative) polarization compared 

to the homogeneous surrounding tissue. As consequence, cores might behave like virtual electrodes able to excite and de-

excite the tissue: we discuss the possibility to consider VEP as a basic mechanism of defibrillation against lethal cardiac 

arrhythmias, including reentrant ventricular tachycardia and fibrillation. Moreover, we investigate the relation between 

the heterogeneity size and the electric field that has to be applied to get VEP. We shall demonstrate that the excitation 

threshold of VEP may be decreased or increased by the size of IZ depending on the width of BZ. 
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Noninvasive electrocardiographic imaging has a great potential for facilitating improved diagnosis and treatment planning 

in cardiology. In clinical applications, the best results have been reported for approaches incorporating spatio-temporal 

solution dynamics into the regularization. In the present simulation study, performance of two spatio-temporal methods 

is evaluated for localization of ventricular ectopic beats. 

In the forward calculations, monodomain model was used for generation of the transmembrane potentials (TMP) and 

associated activation sequences in the heart; the body surface potential maps (BSPM) were computed for a realistic FEM-

based body volume conductor with anisotropic heart model. For the inverse reconstructions, the surface TMP source 

model in combination with two spatio-temporal regularization techniques was employed. The first approach is based on 

the fastest route algorithm (FRA): realistic activation sequences starting from each cardiac node are generated with FRA 

and afterwards converted into the ECG, which is compared to the reference signal based on the correlation criterion. The 

best solution estimate is obtained by the activation sequence delivering the highest correlation. Another approach is data-

driven and solves a Tikhonov-like minimization problem for all time steps at once imposing a nondecreasing time course 

of the solution. 

Both methods performed well in identifying the areas of earliest activation. The localization accuracy was higher for the 

constraint optimization approach, whereas the FRA-based full-search was better in classifying the ectopic beats with 

respect to their endo- or epicardial origin. Furthermore, the FRA method has an advantage of much lower computational 

time. 

The obtained results encourage further investigations on combining both regularization techniques in order to achieve an 

optimal performance in terms of computational load and localization accuracy. 
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Human heart is a muscle that beats constantly during the whole life cycle of a human being. Myocyte fibers are responsible 

for applying active forces to the heart tissue in defined directions. These evoke the contraction of the heart, a decrease of 

intra-ventricular volume, and finally ejection and circulation of blood. An efficient energy usage is expected to be 

responsible for a long and faultless lifetime of the heart muscle. 

The heart model contains both ventricles, atria and the pericardium. Heart tissue is characterized by a Guccione-type 

material law for the ventricles and Mooney-Rivlin material in the atria. Interior of the ventricles is connected to a 

Windkessel model to represent blood pressure. Outer surface is coupled to the interior of the pericardium to allow 

frictionless sliding. The emerging equations are solved on a tetrahedral mesh using a finite element method of second 

order. The results were evaluated for different energies: deformation energy and kinetic energy. 
Simulations were performed on six different sets of heart fibers with orientations generated with a rule-based Laplace-

Dirichlet algorithm to avoid negative influences of “bad” orientations. The algorithm expects as input endo- and epicardial 

fiber angles similar to the ones measured in reality in human subjects. Results show that all tested configurations of heart 

fibers lead to similar kinetic energy during the different parts of the heart cycle. However, deformation energies that arise 

mainly from active myocyte forces are about three magnitudes larger than kinetic energies. They show also more deviation 

in relation to each other. One reason is a large stiffness of heart tissue during the contraction due to the active tension. 

Another reason is the forced contact between epicardium and pericardium that restricts the movement of the epicardial 

surface without any real compression effect. Other reasons might be of physiological nature, to create a more durable 

muscle by avoiding large displacements. 
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Arteriovenous malformations (AVM) are congenital abnormalities in the connectivity and morphology of blood vessels. 

Such lesions are characterized by the presence of anomalous connections between arteries and veins, which exhibit a 

decreased vascular resistance compared to the largely bypassed capillary bed. This may result in insufficient tissue 

perfusion, increased venous pressure and cardiac volume overload. AVMs are primarily treated with reiterative 

endovascular embolization and sclerotherapy sessions. Reliable lesion localization and treatment is often difficult and 

requires repeated X-ray angiography recordings, exposing the patient to high radiation and contrast agent (CA) doses.  

 

We aim at reducing treatment duration and inherent risks by introducing a novel augmented-reality angiography system 

for AVM treatment.  

 

The virtual angiography tool is based on a patient-specific lumped-parameter description of the vascular network to 

compute blood pressure and flow rates within the region of interest. Boundary conditions were provided by a coupled 

human circulation model, tuned towards meeting duplex-sonography findings of the patient. CA transport was determined 

by coupling the hemodynamic model to the 1D advection-diffusion equation, which was discretized with second-order 

finite differences in space and a low-storage Runge-Kutta time integration scheme. A geometrical description of the 

vascular network was obtained by semi-automatic segmentation and skeletonization of time-resolved subtraction gradient 

echo magnetic resonance imaging instances.  

 

Virtual angiography was performed retrospectively for patients treated at the University Hospital Bern. The simulated 

CA spread was visualized within a 3D representation of the affected vasculature. This allowed to correctly identify the 

cluster of vessels representing the pathological arteriovenous shunt, without the need for extensive radiation and CA 

exposure. Additionally, computed pressure and flow velocities were mapped onto the 3D geometrical model to virtually 

assist the clinical practitioner in the choice and planning of specific interventional techniques, such as coiling and ethanol 

sclerotherapy. 
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Left ventricular assist devices (LVAD) are increasingly implanted in end-stage heart failure patients. Due to the lack of 

long term stable pressure sensors for monitoring hemodynamics and the interaction between pump and circulation, the 

pump flowrate needs to be estimated. This estimation from available pump parameters necessitates the identification of 

the LVAD system, which was the aim of the current study. Based on hydraulic testing in a mock circulation, which 

included a powerful linear motor for load variation, a mathematical model was designed comprising both static and 

dynamic components. The static component was a third degree polynomial relating pump flow (Q), pump speed (ω), 

current uptake (I) and fluid viscosity. The dynamic component was designed as a second order linear model of Q, ω and 

I. To identify the model parameters, five static- and 23 dynamic datasets with working points covering the clinical 

operation range (0-12 L/min flowrate, 2400 and 3600 rpm pump speed and 0-12Hz sinusoidal pressure head sweeps) were 

used in 2, 3 and 4cP water/glycerol mixtures. Additionally, 22 datasets were used for validation. During the identification, 

4 of the 5 coefficients varied less than ±10% between different datasets. The fifth coefficient showed a variability of 

±26%. Nevertheless, with the mean values of these sets of coefficients the identified model allowed flow estimation with 

a root mean square error of 0.35±0.06 L/min, of which the static component introduced a bias of 0.17±0.08 L/min. In 

conclusion, the developed model is able to reproduce the dynamic behaviour of this complex nonlinear system by using 

a nonlinear static and a linear dynamic system. This enabled robust estimation of flow. 
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Heterogeneities within the ion channel density throughout the ventricle have a major influence on the electrophysiological 

properties of the respective cells, affecting not only the repolarization sequence but also regional tension development. 

Aim of this work was to compare the impact of different heterogeneities on the tension development within a rabbit 

ventricular model of single cell tension development. In order to investigate the impact on a whole heart level, a finite 

element model approach was used, including the interaction with the surrounding tissue, and the influence of the 

circulatory system. Tension development and the electrophysiological properties of cells were based on computational 

models, with stretch (preload) influencing the cross bridge cycle and hence the respective tension development. 

Electrophysiological and mechanical models were coupled during the simulation via stretch, tension and deformation. 

Three different apico-basal heterogeneity gradients, based on measured data, and a full homogeneous ion channel density 

distribution were implemented in the model. Different outcomes were compared in terms of ejection volume, pressure 

development, contraction velocity and tension development within different segments of the left ventricle. 

Even though introduction of certain heterogeneities led to a significant change in overall tension development at single 

cell level, this did not subsequently give rise to a change in myocardial deformation at tissue level. Rather than an 

alteration in ejection fraction, the time to maximal tension development shifted. This can be explained by the correlation 

between developed tension and the stretch of the cell. During shortening of the cell due to contraction, stretch decreases, 

which subsequently leads to a decrease in developed tension.  

Our results suggest that heterogeneities that influence the amplitude of tension development at single cell level manifest 

themselves via changes in contraction velocity and sequential activation at whole heart level, while only marginally 

influencing total deformation and ejected volume. 
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The airways of the human lung form a dichotomous tree comprising about 23 generations. Local airway obstructions can 

significantly change ventilation dynamics and efficiency of gas exchange. In patients with e.g. Cystic fibrosis airway 

obstruction occurs already during childhood. Multiple breath washout with nitrogen (N2MBW) is used for the follow-up 

of CF lung disease by measuring the N2 concentration in the expired airstream. However, it is not possible to infer local 

gas transport and ventilation dynamics from the measured N2 concentration. Therefore, a numerical model of a fractal 

lung was developed for the simulation of the washout test and to visualize local ventilation inhomogeneities in the whole 

airway tree. 

The conducting airways of the lungs are modelled as a fractal tree. A non-linear lumped-parameter model is attached to 

every terminal branch to represent the acinar gas transport. Gas transport during the washout test is modelled by a one-

dimensional advection-diffusion equation. The lung model is adapted specifically to a patient by using the patient’s 

functional residual capacity and respiration profile as input parameters. Locally changing the morphology or 

biomechanical parameters allows to simulate ventilation inhomogeneities. 

The respiration profile from a healthy person was taken to simulate a baseline N2MBW with unobstructed ventilation. 

Local changes in the morphology were then implemented to model pathological obstructions. The simulation of the 

N2MBW with these morphological changes showed typical inhomogeneous ventilation patterns and longer washout times 

of N2. 

Comparing the ventilation and gas transport for a healthy and an obstructed lung model enhances our understanding of 

lung disease and can support a targeted therapy. Furthermore, the visualization of the gas transport in the whole airway 

tree can help patients and parents of patients to better understand the pathology and the severity of their lung disease. 
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Breathing-dependent sleep disorders are a big and increasing issue in our prosperous society, which leads to high costs in 

the treatment of their complications. Due to breathing interrupts at night the blood oxygen concentration decreases and 

causes repeated sleep disruptions (as an automatic alarm function of the human body). Symptoms of sleep apnoea like 

fatigue, lack of concentration and high blood pressure are related to a higher risk of coronary thrombosis and apoplexy. 

The most important and most comprehensive method to treat the obstructive sleep apnoea syndrome (OSAS) is the 

positive pressure ventilation. The continuous pressure in the upper airways (continuous positive airway pressure - CPAP) 

prevent the collapse of the upper respiratory tracts and the pharynx. In this work a possibility to model and control the 

real system in a four-stage cascaded control environment is provided. 

In a first step the dc-motor with the impeller was modeled. The relationship between the motor voltage and the motor 

speed can be modeled as a linear second order state space system. The second model for the pneumatic part, simplified 

as a gas tank with system mass flow, leakage mass flow and patient mass flow, can be derived from the thermal equation 

of state. With respect to four main states of the system (motor current, motor speed, system mass flow and mask pressure) 

a four-stage cascaded control environment was developed. Due to the physical equations describing the electro-mechanic 

and pneumatic part, model-based feedforward control and model-based closed-loop controls could be developed to 

improve the control quality. 

The developed cascaded control environment shows good results at the real process in case of breathing compared to the 

existing (two-cascaded) control environment. The breathing interaction of the patient was simulated by the ASL 5000 

lung simulator to mirror the specification of the DIN EN ISO 17510-1 (tidal volume of 500 ml, sinusoidal patient flow). 

The pressure deviation at a therapy pressure of 4 hPa is reduced from 54 Pa to 28 Pa - at a therapy pressure of 12 hPa it 

is reduced from 44 Pa to 38 Pa. Some other tests with the ASL 5000 have been performed to show the quality of the 

closed-loop pressure control. During artificial ventilation with a pressure controlled ventilation mode (PCV - pressure 

controlled ventilation) the closed-loop control shows good reference tracking between the pressure levels of the 

inspiration and expiration phase. Furthermore, a voluntary test person with a tidal volume of 1100 ml was treated. Due to 

a stronger breathing effort the pressure deviation is larger.  
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This work presents a dynamic model to determine the connection between internal and external applied forces and torques 

to the resulting movement of a 7 DoF upper limb exoskeleton. The dynamic properties are computed with Euler-Lagrange 

differential equations of the serial kineamatic chain. The identification of the internal model parameters is based on 

general physical properties, such as masses, inertia and coriolis constants, and estimated correlations of nonlinear 

frictional torque in the motor and serial joint. The function of the frictional torque is dependent on the position, velocity 

and acceleration of the joint and each further joint in the kinematic chain. For the identification of the external model 

parameters, additional sensors are included to the structure of the exoskeleton. 

In order to measure applied forces and torques of the exoskeleton, a six-axis force sensor is integrated at the endeffector. 

Furthermore, interaction forces with the user are estimated with integrated torque sensors at each joint and implemented 

into the dynamic model. This approach shows an alternative solution compared to torque sensing via motor current, which 

leads to instable results due to noisy PWM signals. For the detection of changes in the rotation of the gravity vector to the 

base of the exoskeleton an inertia measurement unit is installed.  

The basic function of the dynamic model is examined with a zero-torque control mode, where the estimated torques in 

the joints are fed back to the current controller of the DC-motors. The algorithm computation is implemented on a real-

time target with a sampling time of 2 kHz. As a result, the exoskeleton feels weightless to the arm while moving. 

Furthermore, applied static loads to the endeffector up to 5 kg can be compensated. Future work includes a dynamic 

model based controller for positioning tasks of the endeffector under consideration of user movement intention.  
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The development of nanotherapeutics targeting cancerous lesions has garnered increasing effort and resources in recent 

times. However, few formulations have reached clinical application, in large part due to the challenge presented by the 

complex and highly variable interactions between tumor, nanoparticle, and drug parameters.  Insufficient blood and 

lymphatic vascularization can limit access to and from flow in the tumor microenvironment, and a denser-than-normal 

extracellular matrix may hinder interstitial transport. Accordingly, solid tumors are typically characterized by metabolic 

waste buildup leading to an extracellular acidic pH and high interstitial fluid pressure, as well as hypoxic tissue which 

may be insensitive to the effects of cell-cycle specific drugs. The multi-faceted interactions between these parameters 

characteristic of such a highly heterogeneous system preclude tuning nanotherapy characteristics solely through 

experimental evaluation.  Engineering and physical science approaches have therefore been applied to complement 

empirical work in order to gain further insight into these interactions and optimize the nanotechnology design. We present 

recent mathematical modeling and computational simulations analyzing nanoparticle transport and efficacy in the 

heterogeneous tumor microenvironment, with the model parameters constrained by experimental data. The results provide 

insight into the design of cancer nanotherapy targeting tumor tissue and its vasculature, and, further, highlight the need 

for an even closer interdsciplinary effort between engineering, physical and basic scientists to overcome the challenges 

presented by the complex interactions between tumor, nanoparticle, and drug parameters.  
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Ghrelin (GHR) system is involved in a large number of physiological and pathological problems, making this system an 

appealing pharmacological target. In particular, it has a pivotal role in the regulation of food intake, energy homeostasis, 

and alcohol/drug reward. The related pleiotropic peptide, the GHR, carry out its role through the interaction with the 

growth hormone secretagogue receptor isoform 1a (GHS-R1a). The GHS-R1a is a seven trans-membrane G-Protein 

Coupled receptors member of Class A subfamily, characterized by a unique constitutive activity (up to 50% of the total 

activity is ligand-independent). Despite the importance of this system in terms of pharmaceutical R&D and medical 

benefit, the molecular mechanism driving the GHS-R1a basal activity is not fully clarified yet. In this work, after the 

creation of a novel, accurately refined homology model, Classical Molecular Dynamics in combination with 

Metadynamics were employed to get insight into GHS-R1a receptor structural dynamics. Specifically, several 

conformational changes have been highlighted and fully characterized from the energetic point of view, therefore 

elucidating the molecular events governing the ligand-independent activity. In agreement with the speculation based on 

experimental data, peculiar residues located in the GHS-R1a binding pocket (Trp276, His280 and Arg283) have been 

identified as fundamental elements affecting the process. In detail, it has been proposed that the Arg283 is able to stabilize 

the basal activation, affecting the Trp276 position through its interaction with His280. This is of great importance 

considering that an improvement in the knowledge of molecular processes regulating the GHS-R1a function may help 

the rational design of new drugs for the treatment of a large number of pathologies. 
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Cardiac myocytes make up the majority of volume in the heart. More than half of its cells, however, are fibroblasts and 

other non-myocytes. Many experiments have shown electrical coupling between cardiomyocytes and fibroblasts. Previous 

computational studies at cell level have investigated the direct interactions between them numerically, often with regard 

to pathologies induced by electrical source-sink mismatch. This work aims to establish methods to study potential long-

range interactions between the two cell types, and especially how electrical conduction may be maintained across 

heterogeneous scar tissue as reported by Walker et al. 

A mathematical model of rat cardiomyocytes by Pandit et al. was used for nodes representing cardiomyocyte strands. 

Fibroblasts were modeled as purely passive cells, defined by a membrane capacitance 𝐶𝑚 and membrane resistance 𝑅𝑚. 

Equidistant nodes in 50 µm intervals were used to simulate conduction of excitation through the cell-strand at a time step 

of 5 µs. Neighboring nodes representing myocytes were coupled with a resistance of 𝑅𝑀𝑀, neighboring fibrotic nodes 

with 𝑅𝐹𝐹, and myocyte-fibroblast connections with 𝑅𝑀𝐹. The first node was paced at 2 Hz. Simulation results were 

evaluated after 20 beats. 

Resistances and fibroblast parameters were adapted so that the 1D model approximately reproduces propagation delays 

measured experimentally by Gaudesius et al., resulting in 𝑅𝑀𝑀 = 𝑅𝑀𝐹 = 𝑅𝐹𝐹 = 6 MΩ, 𝑅𝑚 = 1 GΩ, and 𝐶𝑚 = 100 pF. 

It should be noted that the internodal resistances represent multiple parallel connections (i.e., 3 parallel myocytes and 10 

parallel fibroblasts, as seen in cultured cell strands). In simulations, a fibroblast insert of 150 µm length caused a delay 

in propagation of 8.4 ms. Inserts of greater lengths caused blocked conduction. However, a 150 µm ‘island’ of myocytes 

between two fibroblast sections allowed recover of signal amplitude and sustained conduction through the simulated 

heterocellular scar, resulting in a delay of 17.6 ms across the 450 µm construct. 
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Nanoparticles feature an extraordinary potential for various beneficial applications in human life thanks to their unique 

size-related properties. However, with increasing exposure, justifiable concerns about negative health effects have 

emerged, which necessitates fundamental understanding of interactions between nanoparticles and cells to efficiently 

assess nanoparticle toxicity. As sedimentation experiments investigating nanoparticle-cell interactions in vitro are time- 

and cost-consuming, mathematical modeling and in-silico studies of the physical processes have become of major 

importance in analysing nanoparticle-specific behaviour. Using ISDD+ (our enhanced version of ISDD - In Vitro 

Sedimentation, Diffusion, and Dosimetry Model), a simulation tool for fluid particokinetics, one can calculate the direct 

cellular dose depending on the particles’ physicochemical properties and time. The program is based on the Mason-

Weaver equation, a partial differential equation for the time-and space-dependent particle density, and describes 

diffusional and sediment transport. With cellular components typically featuring nanoscale sizes, nanoparticles can easily 

penetrate cells and provoke a variety of cellular response. Hence, cellular uptake is crucial for understanding the 

predominant biological interactions. ISDD+, however, merely implicitly incorporates particle-cell interactions by 

imposing an unphysical constraint at the lower system border, where cells reside, instead of the Mason-Weaver flux 

boundary condition. To alternatively describe the interdependency between transport and uptake in a systematic way, a 

novel multi-state model (Naptake) based on a system of differential equations for time-dependent cellular uptake of cell-

associated particles has been developed. Having connected Naptake with the original Mason-Weaver equation by 

introducing it to the lower boundary condition, the resulting hybrid model can be solved using modified PDE and ODE 

solvers in MATLAB. Hereby, cellular uptake and its mutual interaction with particle transport can not only be considered 

within an effective theory, but originate from a consistent, consecutively constructed approach. Though exact parameters 

are not determined yet, the model yields promising and physically reasonable results. 
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P-wave morphology correlates with the risk for AF. Left atrial (LA) enlargement could explain both the higher risk for 

AF and higher P-wave terminal force (PTF) in lead V1. However, PTF-V1 has been shown to correlate poorly with LA 

size. We hypothesize that PTF-V1 is also affected by the earliest activated site (EAS) in the right atrium and its proximity 

to inter-atrial connections (IAC), which both show tremendous variability. 

Atrial excitation was triggered from seven different EAS on the epicardial surface around the sinus node region in eight 

anatomically personalized computational models including rule-based myocyte orientation and spatial 

electrophysiological heterogeneity. EAS1 was located midway between the tip of the right atrial appendage (RAA) and 

its junction with the superior vena cava (SVC), EAS2 at the superior part of the anterior wall, and EAS3 at the junction 

of the RAA and the SVC. EAS4 to EAS7 were uniformly distributed along the crista terminalis between EAS3 and orifice 

of the inferior vena cava (EAS7). IACs connected the atria at Bachmann’s bundle, coronary sinus and posteriorly. The 

posterior IACs were non-conductive in a second set of simulations. Body surface ECGs were computed using realistic, 

heterogeneous torso models. 

Mid-septal EAS yielded the highest PTF-V1 measured as the product of the duration and the maximal amplitude of the 

negative phase of the P-wave in V1. More anterior/superior and more inferior EAS yielded lower absolute values deviating 

by a factor of up to 2.0 for adjacent EAS. Earliest right-to-left activation was conducted via BB for EAS1-3 and shifted 

towards posterior IACs for EAS 4-7. Non-conducting posterior IACs increased PTF-V1 by up to 150%. 

The electrical contributors EAS and intactness of posterior IACs affect PTF-V1 significantly by changing LA 

breakthrough sites. This should be considered when assessing LA anatomy based on the ECG. 
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Background and purpose: Small field sizes are increasingly used in radiotherapy to deliver higher dose gradient to 

patients. Estimating dosimetric parameters for such fields, lead to significant errors because of using conventional 

dosimeters at reference condition. To avoid this, two correction factors recommended by American Association of 

Medical Physicists (AAPM) were determined to investigate the variations caused by dosimeters’ responses at the 

reference and non-reference conditions and increase dosimetric precision in small field radiotherapy.  

Methods and Materials: The correction factors (KNR, KNCSF) proposed by AAMP were determined for two common 

radiotherapy detectors, a Farmer and a Si-diode dosimeter, for 0.5×0.5, 1×1, 2×2, and 3×3 cm2 small field sizes at 6 and 

18 MV linear accelerator (linac) energies. An inhomogeneous phantom was also constructed to investigate the variations 

of dose profiles and percent dept doses (PDDs) after implementing the correction factors.    

Results: At 6 and 18 MV energies, the maximum PDD was noted within the Polytetrafluoroethylene (PTFE) (2.2 gr.cm3) 

slab of the phantom for the 3×3 cm2 field size that can be attributed to the central axis dose changes due to the 

heterogeneity encountered in such field size. Extra attenuating of the beam in the areas with greater density than water 

was also observed due to the heterogeneity. Experimental and Monte Carlo dosimetry indicated a good agreement between 

the Farmer and Si-diode dosimeters regarding the PDDs in the PTFE. At 6 and 18 MV energies, the maximum PDDs was 

observed at the 3×3 cm2 field size within the cork (0.2 gr.cm3) slab. However, due to the presence of heterogeneous lower 

densities of the cork a decrease in the PDDs on the central axis was observed. 

Conclusion: implementing the correction factors recommended by the AAPM in small field dosimetry could increase the 

accuracy and precision of radiotherapy practices in such field sizes. 

Keywords: Small field dosimetry, Correction factors (KNR, KNCSF), Monte Carlo method  
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Recently, a new method called joint spectral and time domain optical coherence tomography (STdOCT) for flow velocity 

measurement in spectral domain OCT (SD OCT) was presented. This method analyzes the detected time-resolved 

interference fringe spectra by using a two-dimensional fast Fourier transformation (2D FFT) to determine directly the 

Doppler frequency shift instead of calculating the phase difference at each depth position of adjacent A-scans. In this 

study, we describe the link of joint spectral and time domain optical coherence tomography (jSTdOCT) and the commonly 

used phase-resolved Doppler OCT (DOCT). Moreover, we improve the classic jSTdOCT algorithm, detecting the 

maximum intensity signal of the broadened Doppler frequency spectrum for velocity estimation, by calculating the center 

of gravity. The resulting enhanced jSTdOCT (enhjSTdOCT) significantly reduces the noise of the velocity measurement 

by choosing an exponent depending on the transverse velocity component of the sample movement and the signal-to-

noise ratio of the OCT data. To verify enhjSTdOCT, numerical simulations and a flow phantom model are used to find 

optimal parameters for maximal velocity noise reduction. 
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Ventricular fibrillation (VF) is the most lethal arrhythmia in the heart. Many researchers have declared that the onset of 

VF in the heart is preceded by some kinds of bifurcations in the dynamics of the ventricular cells. With the bifurcation 

we mean a qualitative change in the dynamics of a system. Experimental evidences as well as computerized simulations 

support the idea that the bifurcations lead to VF is of chaotic one. So any research on the bifurcation mechanisms and 

control of ventricular cells, especially those that lead to the chaos are valuable and can save lives. 

 In this research we introduce a new route to chaos in a three state variables (3S) model of ventricular cell and show how 

we may control this lethal phenomenon. In this research we show for the first time that after generation of an early after 

depolarization (EAD) oscillation in the ventricular cell, some evidence of intermittency is observed when we change 

control parameter i.e. behavior of the system is predominantly periodic for some control parameter value but when we 

change the value, the time spent being chaotic increases and the time spent being periodic decreases. All of these mean 

that we have found some evidences of intermittency and crises in the ventricular cell that can be controlled by control 

parameter. We justify our findings using Lyapunov exponent as well as iterated maps i.e. models of Poincare map 

functions. 
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Introduction  

Obstructive sleep apnea (OSA) is a sleep disorder of disrupted breathing caused by partial or complete closure of the 

upper airway. Studies suggest the possibility of a relationship of flow characteristics with OSA. However, this hypothesis 

has not been tested. Phase contrast-MRI (PC-MRI) is an established technique to quantify fluid flow and has been 

previously used to study flow patterns in a stenotic phantom. Hence, it is used here to experimentally investigate 

pharyngeal flow patterns to extract pathophysiological parameters like fluid velocity in order to understand OSA. 

Methods 

Two 3D-printed phantoms were used for the experiments. First, to validate PC-MRI velocity measurements with 

published laser Doppler anemometry (LDA) and computational fluid dynamics (CFD) results, a stenotic phantom with 

75% area reduction was used. Second, to study pharyngeal flow patterns, a computed tomography based human pharynx 

phantom (scaled 2:1) was used. Both experiments used glycerol (30% vol.) in water at 25°C. An MRI compatible flow 

pump (CardioFlow-5000MR, Shelley Medical Imaging Technologies) was used to achieve the required Reynold’s 

number. The experiments were performed on a 3 T MR system (Ingenia, Philips) with 108 channel body coil using an 

RF-spoiled, gradient echo sequence (TR=20ms, TE=10ms, flip angle=10°, voxel-size=1x1x1mm3).  

Results 

Comparison of flow pattern and magnitude of measured axial velocity in the stenotic phantom with LDA and CFD results 

shows good agreement, therefore validating the PC-MRI method. The 3D axial velocity distribution of the pharynx 

phantom determines the magnitude of the velocity, location of flow separation and recirculation region.  

Conclusion 

The validation experiments prove the reliability of the PC-MRI method for velocity measurements. Therefore, the method 

offers good perspective for pharyngeal flow studies. The preliminary results from the pharynx phantom give insight into 

the conditions leading to the collapse of the pharynx. Further work covers determining accurate velocity profiles of the 

pharynx and numerical simulation validation. 
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The cochlear implant is a neuroprosthesis for the treatment of severe to profound hearing loss. An electrode carrier 

equipped with fluid actuation was newly developed. Hereby a directed steering of the implant during the implantation 

into the spiral-shaped cochlea to avoid insertion trauma within intracochlear membranous tissue, could be implemented. 

A finite element model of the previously introduced electrode carrier, comprising the silicone body, the pressurised inner 

hollow and the embedded fibre, which determines the direction of curavture, was used for sensitivity analysis. The 

adjustable input parameters were geometric parameters and pressure load. The input parameters were varied and the 

effects on the derived curvature under pressurisation was analysed. The numeral deviation of geometric parameters, like 

diameter and position of the inner hollow and the fibre and the resulting wall thickness of the silicone body, was based 

on the observed variation within manual fabrication process of laboratory samples and was additionally analysed. 

The analysed output parameter was the curvature of the electrode carrier under pressurisation of 6 bar. The so derived 

curvature was described with a fitted circle sector and its radius and angle, in order to get a benchmark for comparison of 

the curvature results for different combinations of input parameters. The results show that the model is more sensitive to 

the variation of wall thickness than to such of fibre positioning. 

 

The project is funded by the German Research Foundation (DFG) under grant numbers MA 4038/9-1and ZE 714/9-1. 
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The hypoglossal motoneuron (HM) innervates the tongue and along with its roles in mastication and swallowing, the 

tongue plays an important role in breathing. Abnormal functionality of neurons in term of excitability causes different 

kinds of human nervous system diseases. This is why nowadays modeling of neurons is one of the important fields of 

research in neuroscience. Key electrophysiological features of a neuron action potential are rest state voltage (𝑣𝑅), 

threshold voltage (𝑣𝑇), peak voltage  (𝑣𝑃), and inflection point voltage of slope-voltage curve (𝑣𝐼).   

In this paper, a model for excitability of a hypoglossal motoneuron with two state variables is presented that has an 

electrophysiological formalism, i.e., good agreement with neurons realities and each parameter has an 

electrophysiological meaning. In fact, we look at HM as an excitable dynamical system and present a method for modeling 

it. The model efficiency is validated against the action potential morphology, slope-voltage curve and phase portrait. 

The results show that the proposed model not only can properly reproduce features: slope-voltage curve and dynamical 

behavior in phase plan but also has low computationally cost due to the least number of state variables. One of the 

advantages of this model is that each parameter has an explicit electrophysiological meaning therefore it can be used for 

simulating different behaviors of neurons. 
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Every year, about 24,000 people in Austria suffer a stroke, with more than two thirds being above the age of 69 years. 

The risk factors range from medical preloads such as diabetes and hypertension to physical inactivity or smoking. Stroke 

is considered a medical emergency, because affected brain areas are eventually destroyed. Hence timely treatment is 

crucial for the patient. Annual expenses for the treatment of ischemic stroke in Austria are estimated to be approximately 

117 million euros according to DRG points, without even accounting for rehabilitation or follow-up costs due to early 

disability and home care services. 

The aim of this thesis was to simulate the factor time in stroke care based on a model combining the discrete event and 

agend based methodologies. The built model allows to analyse and compare different ways of transport and types of 

treatment for each patient to assess key parameters such as time, lysis rate and inpatient expenses. The treatment was 

divided into three time ranges: from suffering the stroke to the admission to hospital, to first imaging and finally to the 

administration of thrombolysis. With the underlying data probability distributions for the simulated course of treatment 

as well as methods of transport and potential delays could be derived. 

The results show that the time between suffering the stroke and admission to hospital or a stroke unit is critical. Therefore 

direct transport and admission to a stroke unit distinctly increase the lysis rate. Measures such as prenubral selection, 

point of care tests or data transfer during transport can positively affect the success of thrombolytic therapies. Through 

an appropriate choice of transport and treatment types significant improvements of the lysis rate and the time to 

thrombolysis could be achieved. 

  



 Biomed Tech 2016; 61 (s231) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5018 S231 

 

ID: T-PP-13 

 

Deducing spectral information in a µ-CT scanner for use in verified drug 

transport simulations 
 

Tobias F. Klepsch, Laboratory of Medical Imaging, Lübeck University of Applied Sciences, Lübeck, and Graduate School 

for Computing in Medicine and Life Sciences, Universität zu Lübeck, Lübeck, Germany, tobias.klepsch@fh-luebeck.de 

Franziska Eckardt, Laboratory of Medical Imaging, Lübeck University of Applied Sciences, Lübeck, Germany 

Henrik Botterweck, Laboratory of Medical Imaging, Lübeck University of Applied Sciences, Lübeck, Germany, 

henrik.botterweck@fh-luebeck.de 

 

Complex biological tissues like bone pose considerable difficulties in modelling due to the variety of structures on all 

scales and bone being opaque towards most imaging modalities. Even though tracer studies take their part in analysing 

transport processes, non-destructive techniques for measurements are needed. Micro-CT-Scanning with its high 

magnification and high spatial resolution is a primary candidate for 3D inspection of bone. Given contrast enhancing 

chemicals, transport processes can be mimicked inside the scanner. However, challenges arise from artefacts such as 

beam hardening due to use of polychromatic radiation. Overcoming such difficulties involves knowledge of the scanning 

system’s spectrum. In this work, spectral information for a micro-CT scanner (GE nanotom M,  GE  Phoenix  Xray, 

Wunstorf, Germany) was obtained using a sensor (X-123CdTe X-ray Spectrometer, Amptek   Inc., Bedford, MA, USA) 

and transmission measurements on a copper wedge. This information is used in x-ray transmission simulations of 

modelled tracer/bone systems, using an accelerated raytracing algorithm and optionally more precise Monte-Carlo 

simulations. The simulated projection images are related to the experimental ones: in the long run, quantitative 

information about the tracer concentration shall be obtained in an iterative procedure combining the forward simulations 

and experimental projections with cone beam reconstruction. Finite-element simulations of the diffusion processes in the 

material shall complete the combination of transport experiments, x-ray transmission and tomographic reconstruction on 

one hand and simulation and modelling on the other hand. Hence, the method shall be used to establish a relationship 

between experimental data and computer simulation models of drug eluting in porous tissues like bone. 
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In recent work it could be demonstrated that fully implantable hearing aids which are combined sensor-actuator-

transducers designed for insertion into the incudostapedial joint gap (ISJ) achieve a functional gain of 30 dB and more in 

the frequency range above 2 kHz. The introduction of an additional transducer unit in the case or of appropriate signal 

processing, stabilizes the transducer. An assembly of the transducer with 1 mm thickness considerably increases the 

stiffness of the annular ligament, which leads to a loss in functional gain for the transducer.  

The present study is aimed to determine the influence of different geometries, e.g. the total thickness smaller than 1mm, 

and involved part masses, respectively, as well as different piezoelectric materials on the sensitivity and performance of 

the implantable transducer. The investigations were carried out by help of a combined finite element (FE) model of the 

implantable transducer and the human middle ear, and a lumped parameter (network) model. All simulations are done as 

harmonic analyses from 50 Hz to 6100 Hz and all FE-simulations with three different types of piezoelectric materials: 

Single crystal PMN-PT- (lead magnesium niobate lead titanate) piezo elements, ceramic composite PZT (lead circonate 

titanate) piezo elements and thin film PZT piezo elements. Therefore an assessment, which kind of piezoelectric material 

if any is principally appropriate for the intended purpose, can be made.  

As a result, the network parameter studies show the effect of lower involved masses on the poorer mechanical stabilization 

at lower frequencies as well as on the larger transducer vibration towards the malleus. The FE-simulations showed, that 

the transducer with single crystal PMN-PT piezo elements for sensor and actuators element offers promising results for 

the use as a prospective hearing device. The other examined piezo materials are not suited for this particular application.  
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Modelling of soft tissues remains to be one of the driving issues in the implementation of large-deformation large-strain 

incompressible hyperelasticity in non-linear finite element analysis.  Studies related with the computational models of 

soft tissues provide a basis for a deeper understanding of underlying continuum mechanics theories, as well as shedding 

light onto the role of certain parameters found in various strain energy functionals employed in hyperelasticity. On the 

other hand, availability of open-source finite element analysis softwares greatly enhances the implementation of user 

defined subroutines for testing combinations of material behavior versus types of analysis. In this study, the Sfepy (Simple 

finite elements in Python) platform will be employed in the characterization of frog gastocnemios muscle. Results of in 

vitro experiments will be reported in an accompanying paper in this conference, which will provide data on muscle twitch 

and tetanic response. The advanced activation muscular model proposed by Kockova and Cimrman (2009) will be used 

to fit model parameters to the experimental data. The neo-hookean as well as mooney-rivlin hyperelastic models will be 

compared against actual data. 
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Diseases and disorders of the brain like epilepsy, stroke, Alzheimer’s and Parkinson’s disease, mood and anciety 

disorders, addiction and traumatic brain injury affect millions of persons worldwide, restrict their participation in work 

and social like and decrease their quality of life, dramatically. In Europe, the costs of treating these patients have exceeded 

even the sum of costs to treat cancer and cardiovascular diseases. Diagnosis, therapy and rehabilitation of these diseases 

needs interventions with the brain to collect neuronal signals, understand pathophysiological changes and propose new 

treatment options to record neural activity, identify states of the brain and overwrite “wrong” signal patterns when 

necessary. 

The BrainLinks-BrainTools Cluster of Excellence focus its research on the development of methods and tools to probe 

the brain and to investigate the behaviour of neuronal networks after stroke, in epilepsy, in movement and mood disorders 

and in paralyzed subjects. Probe technologies that needed to get developed to probe the brain on the single cell level as 

well as the network level have been developed over the last years. They include electrical as well as optical approaches 

and allow non-destructive analysis of the anatomy and morphology of brain regions, intracortical as well as epicortical 

recording of electrical signals over more than one hundred channels and optical interaction with genetically modified 

nerve cells in the field of optogenetics. Electronic circuitry has been developed to integrate functionality in smallest low 

noise and low power systems to amplifiy smallest nerve signals. Signal processing needs to go beyond clinical diagnosis 

methods in both, non-invasive and invasive settings, to obtain robust and reliable information about brain states that is 

necessary to drive assistive devices and deliver closed-loop therapies. 
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Deep optogenetic stimulation currently requires physical penetration of the the brain either by optical fibres or by neuro 

probes comprising optical waveguides. In our project we aim to avoid harmful damage as far as possible by using the 

self-reconstructing properties of propagation invariant beams, so-called Bessel beams, to penetrate the brain with light 

only.  

Bessel beams are generated by conical lenses or mirrors (axicons) which are illuminated with collimated laser light. The 

self-interfering conical wavefront then forms a ring pattern with a strong central maximum which, in contrast to classical 

lenses, does not provide one single focal spot but an extended focal zone along the optical axis. When a scattering object 

is brought into this focal zone, the Bessel beam is first strongly disturbed but reconstructs itself further down the optical 

axis.  

We will use these features to develop controlled optophysiological interfaces without penetrating the brain tissue. This 

lightweight stimulation device integrates an array of nine blue laser diodes with miniaturized optical elements and a depth 

control for the Bessel beams to individually address different regions in the brain.  

As first results, we found that Bessel beams can be generated by edge-emitting laser diodes which intrinsically do not 

provide a circular spot and suffer from astigmatism. These laser diodes provide a wavelength of 450 nm which is close 

to the maximum sensitivity of Channel Rhodopsin-2 at 473 nm. For depth control, we developed a liquid crystal-based 

ring aperture that allows to select defined sections of the Bessel beam. The miniature axicons and collimation lenses will 

be produced with a novel rapid prototypig process relying on laser structuring and molding.  
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In order to gain a more detailed understanding of the interaction within and among neural networks and consequently to 

analyze brain dysfunction it is requested to not only record neuronal activity but also actively interact with neuronal tissue 

at a high spatial and temporal resolution. Aside from basic research this is also true for clinical applications of 

neurotechnology for the treatment of neurological disorders such as Parkinson’s disease and epilepsy as well as the 

restoration of sensory and motor functions. Optogenetics, i.e. the well controlled interaction with genetically modified 

neurons using light, has emerged over the past decade as the most innovative method in experimental neuroscience that 

also provides new perspectives for future clinical applications of neurotechnology. Aside from biological aspects 

addressing the development of light sensitive molecules, i.e. opsins, and their controlled expression in neurons, a key 

technological challenge targets the development of implantable, miniaturized light sources combined with recording 

electrodes.  

 

In the BrainLinks-BrainTools Cluster of Excellence, we develop microoptical tools for optogenetic research. Key 

requirements to be achieved are a compact system layout, biocompatibility as well as long-term stability for chronic 

animal experiments. This is achieved among others by integrating electrooptical components, i.e. light-emitting diodes 

and laser diode chips, packaged for instance in hermetic micro housings based on silicon and glass. In order to achieve a 

high flexibility in positioning these optical tools during implantation, we apply optical waveguides based on silicone 

rubber and other polymers. The paper will introduce penetrating as well as surface probes for a localized optical 

stimulation and simultaneous electrical recording of neural tissues. It will analyze innovative wafer-level fabrication 

technologies of hermetic micro housings applying thinned glass wafers patterned by wet etching and reflow, and glass 

substrates with integrated beam shaping elements such as microlenses realized using dry etching.  
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Intervention with the brain needs technical probes that allow to either monitor the desired target tissue or region or modify 

the excitation of the targeted nerve cells in a predefined manner. Different technological approaches have become success 

stories over the last decade depending on the intended use. Reliability and adaptivity by redundancy or by active switching 

elements led to broad acceptance of microdevices with increased functionality compared to the single or multiple wire 

approach. Flexible, polyimide-based electrodes arrays with about 250 channels have been chronically implanted to 

investigate network interaction over large distances and between different brain areas by means of field potentials. Signal 

quality remained stable over more than a year in preclinical implantations. So far, percutaneous plugs have been used to 

select electrodes of interest and record data. In the meantime, telemetric systems that integrate multiplexing, recording 

and stimulation capabilities have been developed that allow fully implantable systems with inductive energy supply and 

data exchange. Silicon-based shaft electrodes have become the gold standard for intracortical single unit recording. The 

integration of electronic circuitry together with a large number of electrode sites led to the “electronic depth control” 

(EDC) in which in vivo tracing of nerve signals can be done by electronic electrode switching. Flexible intracortical 

probes complement the silicon approach and showed only little scar formation in chronic use. They need either an 

insertion tool or stiff, resorbable coatings for implantation. For deep brain structures, different designs have to be 

developed. Hybrid approaches combining existing clinical probe technology with microsystems allow for increased 

spatial resolution of recording and stimulation as well as potential to integrate biochemical sensor. Preclinical trials are 

successful but translation into medical devices and clinical practice is not yet in sight. 
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Investigating the human brain and understanding its neuronal communication is one of the prominent tasks of modern 

neuroscience. The ongoing technological improvement of microsystem technologies thereby offers an increased 

measurement precision that allows for the transition from non-invasive procedures (e.g. EEG), over intracranial 

approaches (e.g. ECoG), towards the electrophysiological characterization of single neurons in-vivo. The small size of 

neurons between 4 and 100 µm requests not only for the miniaturization of tools, but the fast response of a single neuron 

in contrast to the averaged answer of a large brain area requires improvements in signal processing. Modern tools thus 

have to process local field potentials (LFPs) as well as action potentials (APs), and should be able to separate these two 

frequency bands of interest.  

This work will address recent advances in implantable active neural recording interfaces. It will present some of the most 

prominent tools and will discuss their respective achievements, e.g. in terms of area, channel count, or overall 

functionality. It will furthermore describe how modern CMOS technologies are used by the BrainLinks-BrainTools 

Cluster of Excellence to maintain an optimal signal quality and cope with micro motions of the implant or plastic 

reorganization of the brain, i.e. discussing the concept of electronic depth control (EDC). EDC combines the high spatial 

resolution of neuron-sized electrodes with the processing power of CMOS electronics. Challenges of such CMOS probes 

with active assistance arise from the fact that each recording site has to be equipped with a gain stage consuming very 

little area. This work will therefore finally present CMOS circuit techniques for area-efficient implementations of analog 

signal-processing features and name possible future trends for CMOS-assisted neural interfaces. 
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Analysis of high-gamma cortical brain responses occurring in conditions such as during voluntary movement has, for a 

long time, been in the domain of intracranial EEG recordings. In the BrainLinks-BrainTools Cluster of Excellence, we 

develop novel, optimized non-invasive EEG methods that allow to measure high-gamma responses with unprecedended 

clarity. To this aim we have set up an optimized EEG Lab. The technical EEG Setup comprises (1.) Active shielding: 

optimized for frequencies from DC - 10 kHz (-30 dB to -50 dB), shielded window, ventilation & cable feedthrough 

(2.) Suitable amplifiers: high-resolution (24 bits/sample) and low-noise (<0.6 µV RMS 0.16-200 Hz, <1.5 µV RMS 0.16-

3500 Hz), 5 kHz sampling rate, (3.) Eye tracking: EyeLink 1000Plus, binocular 500 Hz, resolution < 0.01 °RMS, (4.) Full 

optical decoupling: All devices (amplifiers, eye tracking, communication, etc.) battery powered and communicate via 

optic fiber and (5.) High-density EEG: up to 480 shielded EEG channels (here: 128 channels). With this setup, we were 

able to show contralateral movement-related high gamma responses during a visuomotor-Reaction-Time Task (~60-90 

Hz) which was also single-trial decodable. Especially clear high-gamma responses were found during foot movement. 

Finally, for the first time, we were also able to demonstrate error-related high gamma reponses, located above the frontal 

mideline. Together these findings show that non-invasive EEG has a much greater potential for detecting high-gamma 

band respnses than previously thought. Our findings open a new window on this pyhsiolgically important frequency range 

of cortical activity, and enables brain-computer interfacing (BCI) studies in the high gamma range that are complimentary 

to intracranial studies, or may be helpful in planning clinical trials with BCI implants.  
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On the long term it is desirable for cochlear implant (CI) users to control their device in a closed loop via brain signals. 

A possible application is the active or passive selection of speech coding strategies or preprocessing algorithms. A 

promising approach is the use of auditory evoked potentials (AEP) and previous studies have shown the possible 

suitability of auditory paradigms [1]. However, these investigations are based on non-invasive signal acquisition which 

requires the use of additional EEG electrodes mounted on the users scalp [2]. For CI users in an everyday life application 

it is more convenient to use implanted electrodes for recording the signals. Further it is to be expected that invasively 

recorded signals are of higher quality and are less effected by movement artefacts. Permanently implanted electrodes 

would also allow for a monitoring of maturation of the auditory system following the CI implantation. First invasive 

recordings within CI surgeries were already done in the early years of CIs [3]. However, under the influence of anesthesia 

cortical potentials cannot be recorded reliably.  

In this pilot project we investigate the feasibility of implanting epidural electrodes temporally during the CI surgery and 

the possibility to record AEPs in the course of several days when the patient is awake again. After a few days the epidural 

electrodes are removed.  

Currently the first data sets are obtained with three patients showing promising results. The recorded potentials were 

compared to the clinical standard recordings using adhesive electrodes. Cortical evoked response audiometry (CERA) 

depicted clearer N100 waves which were also visible at lower stimulation intensities. Furthermore, the signal was less 

disturbed by artefacts.  

Altogether the approach is feasible, safe and well tolerated by the patients, and the AEP waves can be clearly seen. 
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The electrode impedance of brain-machine-interfaces to neural tissue strongly depends on electrode material, surface 

roughness and exposed electrode area. Time-resolved impedance monitoring of electrodes submersed in saline solution 

serves as a first indicator of their long-term stability and provides information on the potential onset of their degradation. 

We present a novel high-channel-count test system of minimal size (80x80x50 mm3) enabling impedance spectroscopy 

at frequencies between 350 Hz and 95 kHz. The setup is of modular design suitable for the online control of long-term 

test sequences via internet. It relies on the integrated circuit chip AD5933 (Analog Devices, USA) to generate the 

sinusoidal measurement signals of 20 mVpp, and to amplify and digitize the respective response current. A 128-channel 

system variant was validated using known resistors and capacitors as well as combinations thereof, and compared against 

two commercial systems, i.e. the 64-channel nanoZ (White Matter LLC, USA) and CompactStat (Ivium Technologies, 

The Netherlands). Absolute impedance values at 1 kHz in the range of up to 2 MOhm revealed differences to the analytical 

model of up to 10% for the CompactStat, nanoZ and our new system. Measured phase shifts matched to analytically 

expected results, showing an offset of about 2° for both, the commercial systems and our device. The novel impedance 

spectroscopy system outperforms commercial systems with respect to channel count, in particular since the system design 

allows for future expansion well beyond the currently available 128 measurement channels. Results of neural probes 

characterized with the novel system at frequencies between 350 Hz and 10 kHz match those measured with the 

CompactStat. At higher frequencies however, we observed small offsets of about 15 kOhm. We started gathering plausible 

long-term characterization results of various neural probes established in our lab and expect to gain deeper insights into 

potential degradation mechanisms.  

  



 Biomed Tech 2016; 61 (s242) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5019 S242 

 

ID: U-PP-03 

 

Piezoelectric effect of PVDF and PVDF-TrFE scaffolds 
 

Fedaa AL Halabi, Institute for Multiphase Processes, Leibniz Universitaet Hannover, Hannover, Germany,  

alhalabi@imp.uni-hannover.de 

Alexandros Repanas, Institute for Multiphase Processes, Leibniz Universitaet Hannover, Hannover, Germany,  

repanas@imp.uni-hannover.de 

Marc Müller, Institute for Multiphase Processes, Leibniz Universitaet Hannover, Hannover, Germany, 

mueller@imp.uni-hannover.de 

Oleksandr Gryshkov, Institute for Multiphase Processes, Leibniz Universitaet Hannover, Hannover, Germany, 

gryshkov@imp.uni-hannover.de 

Birgit Glasmacher, Institute for Multiphase Processes, Leibniz Universitaet Hannover, Hannover, Germany, 

glasmacher@imp.uni-hannover.de 

 

In neural tissue engineering piezoelectric polymers are being investigated as potential scaffolds for supporting nerve 

regeneration processes. Electrospun scaffolds from polyvinylidene-fluoride (PVDF) and with trifluoroethylene PVDF-

TrFE are very promising because of their proven biocompatibility and piezoelectric properties, which can possibly 

stimulate cell ingrowth with their electrical activity upon mechanical deformation. This work reports the characterizing 

of the piezoelectric effect of electrospun PVDF and PVDF-TrFE scaffolds in response to mechanical loading. 

Scaffolds were produced via electrospinning from PVDF and PVDF-TrFE both with concentration of 10, 15, 20 and 30 

wt% dissolved in N,N-dimethylformamide and acetone (6:4). In the process flow rates of 1-2 ml/h and voltages of 20-24 

kV were applied to produce aligned fibers. The electrospinning time was 30 min that led to scaffolds’ thickness of 50 to 

70 µm. The piezoelectric response of the scaffolds was induced using an impact testing machine (BOSE-Electroforce-

LM1-Test-Bench). Impact forces of 1 to 15 N were applied.  

Electrospun PVDF and PVDF-TrFE scaffolds with different concentrations exhibited an piezoelectric responses that 

varied according to the applying impact load. PVDF-TrFE scaffolds showed increased and reproducible piezoelectric 

effect in the range 10-150 mV as compared to pure PVDF ones. The mechanically induced electrical impulses range in 

the pure PVDF scaffolds was between 7 mV and 80 mV. The results were recorded in response to impact forces from 1 

to 15 N. Increasing the polymer concentration led to enhanced piezoelectric effect. 

The results demonstrate the possibility of producing electrospun PVDF and PVDF-TrFE scaffolds, as nerve guidance, 

with controllable piezoelectric responses depending on the polymer concentration and applied mechanical load. That can 

in turn stimulate Schwann cell ingrowth and axonal elongation. Future experiments are scheduled to evaluate this 

piezoelectric response in more detail in organotypic cell culture models in vitro and rat sciatic nerve repair models in 

vivo. 
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Despite an increasing use of deep brain stimulation (DBS), the fundamental mechanisms underlying therapeutic and 

adverse effects as well as the optimal stimulation site remain largely unknown. The aim of the present study was to 

develop a method to correlate electric field simulations for intraoperative stimulation tests with quantitatively evaluated 

symptom improvement and patient specific anatomy to estimate the optimal stimulation site.  

One essential tremor patient, bilaterally implanted in the ventro-intermediate nucleus (Vim) has been included. 

Preoperatively Vim and its anatomic neighbors were manually outlined according to spontaneous MRI contrasts using 

the commercial planning software from where the structures could be exported via a specifically designed interface. 

During the intervention, intraoperative stimulation tests were performed on two trajectories per hemisphere (8 positions 

per trajectory). The change in tremor at each stimulation position compared to baseline was evaluated using a 3-axis 

accelerometer. Based on accelerometer data, two stimulation amplitudes (low and high improvement) were identified per 

position and corresponding electric-field isosurfaces (0.2V/mm) were simulated. As each voxel in the region of interest 

may be part of several isosurfaces -each surface depicting one amplitude responsible for one improvement in tremor- the 

voxel was assigned to the isosurface representing the minimum improvement using Matlab. Data were imported into 

Paraview (VTK based 3D visualization software). Color-coded minimum 3D-improvement maps were visualized on the 

patient's MR images together with the manually outlined anatomical structures. The resulting visualization was evaluated 

by clinicians.  

The software allowed 3D visualization as well as orthographic slices parallel to the trajectory.  Clinicians confirmed that 

it enables the identification of the most effective stimulation areas with respect to the anatomy. This new concept based 

on quantitative symptom evaluation, electric field simulations, and patient specific anatomical data will allow the analysis 

of a high amount of intraoperative data which might help to elucidate the mechanism of action of DBS. 
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The development of nickel containing amorphous hydrogenated carbon thin films enables the production of highly 

sensitive strain gauges. In the industry thin films are especially applicable on load cells and sensor devices. Elongation 

respectively compression of the sensor layer causes a quantifiable change in the resistance. The strain sensitivity (gauge 

factor up to 30) is more than 10 times higher than the sensitivity of strain gauges available on the market (gauge factor 

about 2). The measuring principle applying Wheatstone bridges stays simple though. 

Following this approach, we developed a device containing a highly sensitive foil strain gauge to pick up pressure 

fluctuations of the artery at the wrist. By performing resistance measurements, it is possible to detect the heart rate and 

additionally the exact course of the pulse wave including the reflected wave from the fingertips of each participant at rest. 

Within the last years many studies have proved the medical importance of a parameter called augmentationindex (AIx). 

It correlates highly with the arterial stiffness and the risk to suffer from coronary diseases. The index can be calculated 

directly and without any calibration of the device from the course of the pulse wave itself. Dependent on individual factors 

of the patient the comparison to normotensive participants can deliver a statement of the health status. First measurements 

of the augmentationindex on participants with different ages and gender have shown reasonable results in relation to 

diverse publications. Additionally, the measured heart rates differed ±2 bpm in comparison to a conventional homecare 

device. 

Further development on the sensors and the data processing will enable the measurement of the absolute blood pressure. 

In the future we will increase the effort to design this device for measuring vital parameter also during movement of the 

participant. 
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Cataract is a pathologic condition caused by a clouding of the natural lens, resulting to the fact that vision is deteriorated 

and without proper treatment the affected person turns blind. Effective treatment of cataract is guaranteed by cataract 

surgery, during which the natural lens is removed and replaced by an intraocular lens. The postoperative intraocular lens 

position is influenced by healing processes and crucial for the vision of the patient. Misalignments such as tilts and shifts 

can influence the image quality negatively. To fulfil the needs of each individual patient and to utilize the maximum 

potential of the implant, investigations of the positioning sensitivity and its effect on the optical and visual performance 

are necessary. Numerical eye models, which are based on generic data, offer a possibility to describe the optical 

performance of the human eye. Unfortunately, due to the large variability of ocular parameters among patients, 

individualized assumptions cannot be made with generic eye models.  

Anatomical data of 62 eyes are obtained from ocular biometry including axial length and anterior chamber depth. Surface 

geometry of the cornea is provided by keratometry. The position of the implanted aspheric intraocular lens is determined 

in reference to the pupillary axis. To allow an assessment of optical aberrations of the patients’ eyes, wave front analysis 

is performed. Zernike coefficients of 3rd and 4th order including astigmatism, spherical aberration, coma, trefoil and 

tetrafoil are calculated. The ocular geometry and the resulting aberrations are analysed concerning their deviations from 

generic model eyes.  

Results allow the investigation of lens misalignments from an individualized perspective and additionally the limitations 

of generic eye models are identified. 
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The success of valve-sparing aortic root reconstruction strongly depends on the choice of the individual prosthesis size. 

We previously presented a machine learning based approach for pre-operative planning. However, this approach requires 

the knowledge of the patient's aortic root geometry in both, the healthy and the ill state, which is hard to realise in a 

clinical setting. We present a novel approach that combines deformation modelling and machine learning using training 

data that are easily obtainable. 

While the previous approach estimates the prosthesis diameter directly using support vector regression, the novel 

approach focusses on modelling the deformation of the aortic root during surgery. Here, the geometric relationship 

between the commissure points is formulated parametrically assuming that the leaflet free edge length stays constant. 

Additionally, a support vector machine is trained to classify a valve geometry as healthy or ill. Hence, the prosthesis size 

prediction can be performed by deforming the ill valve geometry until it is classified as healthy.  

We evaluated both methods on an experimentally obtained set of 21 porcine aortic root geometries in both states (i.e. 42 

geometries in total). The evaluation was performed using a leave-one-out method where the predicted diameter was 

compared to the reference obtained from the database. With the direct estimation approach, 62 % (13/21) of the valves 

were matched correctly, while the deformation modelling approach reached 58 % (12/21) correct matches. The mean 

estimation errors were 2.7 ± 2 mm and 0.85 ± 0.65 mm, respectively. 

The new approach delivered a comparable prediction accuracy combined with a higher robustness while offering the 

advantage that the healthy and ill geometries can be obtained from different patients now. These results indicate that the 

deformation modelling approach is a promising alternative to direct estimation, particularly due to its easier transfer to 

clinical application. 
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Children with neurological impairments start walking later compared to healthy children and sometimes it is even 

impossible for them to learn a physiological gait pattern. This has a major impact on the physical development and 

moreover on the social wellbeing with increasing age. For the therapy of infants, current devices for locomotor therapy 

are not useable. So far, only children with a body height of more than 90cm could benefit from this kind of therapy. 

Therefore it was the aim to design and develop a locomotor therapy device suitable for infants aged from 1 to 4 years, 

considering actual medical-technical standards and special requirements in regard to the scope of application.  

For this purpose, the necessary parameters for the range of application were identified and concepts for setup, automatic 

drive and control for the device were designed. The aim of the methodical approach of this work was to design and 

construct the prototype as close as possible to a market-ready medical device. Therefore the whole development process 

was supported by an extensive risk management process according to EN ISO 14971. More than 120 risks were 

discovered, mainly in the fields of mechanical or electrical issues and software realisation. The software is used to control 

the electrical drives including safety aspects, as well as managing the patient information and therapy planning. The 

software development process covers the requirements specified in IEC 62304 (medical device software – software life 

cycle processes). Concerning mechanical and electrical features the general safety requirements according to EN 60601-

1 were considered. 

As a result of this work the realisation of a prototype that fulfils the given requirements can be presented. The developed 

device closes a gap in therapeutic possibilities for infants, with the objective of an improved quality of life and reduced 

impairments for affected children. 
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The gait simulator, a test device for lower limb exoprostheses, was developed at the Department of Medical Engineering 

of the TU Berlin to fulfill the increasing requirements for comprehensive functional and fatigue testing of modern 

prosthetic knee joints. Compared to gait laboratory measurements, the influence of subjects concerning inter-individual 

and day-to-day variability as well as accommodation time on different prostheses set ups can be eliminated during 

functional testing. Particularly, the simulator suited for measurements which are usually not possible due to ethical 

restrictions or excessive stress for the subjects, such as simulations of falls and stumbles. For complex fatigue testing, a 

wide range of loads can be applied with a high variability in a large amount of cycles. Loads are applied by five servo-

hydraulic actuators with volume-controlled servo valves, arranged in two kinematic chains controlled by complex 

algorithms and high precise sensors. First comparative measurements were taken to determine differences between 

microprocessor controlled knee joints. Results show that the simulator is able to detect functional differences between 

prosthetic knee joints. However, it became clear that the system has some major limitations. For example, the very rigid 

connection of the prosthesis to the simulator, which induces an oscillation of sagittal moment at swing extension stop. To 

overcome these limitations and for its further use for validation of a new mobile gait analysis system (MGAS), the 

simulator was upgraded in hard- and software (project BeMobil FKZ 16SV7069K, founded by the Federal Ministry of 

Education and Research Germany). After this process, first measurements were performed with use of reference data 

collected during trials with an existing MGAS. In result, the upgraded simulator shows good reproduction of loads and a 

substantial decrease of the oscillation of sagittal moment. However, the simulation of kinematics still showed deviations 

and further optimization of the simulator is needed. 
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Myoelectric control system is an approach of prosthetic limbs control. With electromyography (EMG), prosthesis users 

are able to intentionally control the movement of the device via muscle contraction. The input EMG signal is processed 

by mathematical methods in order to obtain control signal for the prosthesis. However, an intuitive way of controlling the 

myoelectric prostheses is needed to be explored. To efficiently use the myoelectric control system, the user needs a period 

of training to get familiar with the device manipulation. Although, the user has attended to the training sessions, there is 

no guarantee for the success of using complex control methods, e.g., pattern recognition and regression method, in real 

world situations. Until now, most of the clinical arm prostheses use the conventional myoelctric control due to its higher 

reliability, even though it is no promising approach to control multiple degrees of freedom simultaneously.        

Considering that, lacking of user understanding and adaptability to the real-world situation seems to be the cause of the 

problem. In this study, as a part of modular bionic upper extremity prosthesis (MARTEX) development project, we aim 

to present an idea and a concept of applying an adaptive machine learning system as an assistive agent to improve the 

performance in myoelectric control. The system would consist of multiple feedback sensors, e.g., computer vision sensor, 

inertial sensors, etc. to gain information of user and environmental status. Therefore, the agent could obtain more 

knowledge by observing the users behavior during the use of the prosthesis in daily life, e.g., object manipulating, target 

reaching, etc. So, the agent could optimize the parameters of myoelectric control and help the user to finish the task 

efficiently and with a minimum of effort. This could lead to better human-robot cooperation in myoelectric-controlled 

prosthesis.  
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An active prosthetic arm needs reliable control inputs for accurate and safe positioning in the three dimensional space. 

Here, we present a modular concept for a device, which integrates a control system based on electromyography (EMG) 

and inertia sensors for position feedback. The hardware design is based on three different modules: an eight-channel 

EMG-module, a motion capture module and a synchronization module. Recorded data are analyzed in a connected 

personal computer that allows to perform complex decisions and control algorithms fast enough for real-time control of 

the prosthesis actuators. 

The recording system is capable of combining up to eight acquisition modules, each with eight bipolar inputs, and data 

transfer via USB-interface. Important for control applications as well as experimental multi-channel recording, is reliable 

synchronization of all acquired signals. Different modules are coordinated by a separated clock module, which provides 

the time-base for the microcontrollers and delivers trigger signals. The developed system ensures a synchronization error 

smaller than 10μs within 10s for simultaneous signal recording. The EMG signals of up to 64 bipolar channels are 

processed and filtered in groups of 8 inputs by the analog front-end circuit, an ADS1299 analog-to-digital converter 

(Texas Instruments Inc., Dallas, TX, USA). In addition to EMG control inputs, the device is suitable for other bioelectrical 

signals like electrooculogram (EOG) or electroencephalogram (EEG) that could be used for a brain-computer interface.  

The system provides a flexible design, which is of great importance for the intended primary application for advanced 

real-time control of a prosthetic arm and hand. The modules are compact enough to be carried for mobile use. The USB-

interface allows uncomplicated interaction with standard computers and gives at the same time easy access to a simple 

and reliable power supply. 
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The majority of stroke patients, which survive the acute phase of stroke, experience deficits in mobility and need 

rehabilitation to regain walking independence. To document and assess the rehabilitation progress, assessments like the 

Timed-up-and-Go (TUG) test are used. The Timed-up-and-Go test evaluates balance and mobility performance by 

measuring the time the persons takes to perform this test. With the help of the mobile, sensorized gait analysis system 

eSHOE, consisting of instrumented insoles with pressure sensors, 3D accelerometer and 3D gyroscope embedded, motion 

data of persons executing the test can be gathered. The objective of this research is to automatically detect different phases 

of the TUG-test using multisensor data.  

Motion parameter of 35 stroke patients (22 m, 13 f, 65±13 yrs) were acquired during their performance of the TUG-test 

at begin and end of their stationary rehabilitation with the multisensor insoles. By postprocessing the different sensor 

data, the five phases of the assessment are detecable.   

The starting and ending times could be extracted from the data of all stroke patients automatically. At the beginning of 

the stationary rehabilitation the patients needed 16.73±10.34 s, whereas at the end they needed 15.77±10.25 s for the 

performance of the TUG-test. Preliminary results show, that an automatic detection of the turning phases is possible 

through the analysis of the angular velocity around the longitudinal axis and the acceleration in the sagittal axis.  

It is essential for the instrumentation of the TUG-assessment to distinguish different movement phases. Detection of the 

starting and ending times were implemented successfully. Due to very broad inclusion criteria, the overall times for the 

performance show very high standard deviations. Nevertheless, the instrumentation of the TUG-test has the advantage 

that besides automatic timing, movement parameters like the course of the center-of-pressure or acceleration in all three 

axes can be analysed.  
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Electrophysiological measurements, especially electromyography (EMG) can be used not only for medical diagnostics 

but also for intuitive gesture-based control of mechatronic devices, such as prosthetic hands or multi-finger grippers in 

industrial handling and assembly. In order to develop a versatile, transparent EMG-based mechatronic control interface, 

we tested two different types of inexpensive, ready-to-use EMG hardware: An Arduino-like, microcontroller-based 

development platform Olimexino-328 with an extension module Shield-EKG-EMG (Olimex) and a Myo gesture control 

armband (Thalmic Labs). These systems either provide an application programming interface (API) or are freely 

programmable so that they can easily be adapted for various applications. 

The sensor systems are equipped with pre-gelled wet respectively dry stainless steel surface electrodes and register 

electrical activity of the forearm muscles during gesture movements of the hand. The software modules for acquisition, 

cross-platform transfer, processing, and visualization of the myoelectric signals were integrated into Robot Operating 

System (ROS) with its core running on a low-budget single-board computer. With the development of affordable, additive 

manufactured mechatronic hand prostheses in mind, functionality and integratability of the two EMG sensor systems 

were validated using a simple cable-driven anthropomorphic gripper composed of lightweight, 3D-printed phalanges. 

The benchmarking shows a) feasibility of the integrated EMG sensor interface consisting of multiple stand-alone 

hardware modules, b) cross-language, cross-platform operability of the EMG sensors and the actuators in ROS, and c) a 

notable application potential of the low-priced open-source hardware for affordable prosthetics. 
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Nowadays, the respiratory rate (RR) monitoring of newborns in neonatal intensive care units is based on wired sensors. 

To reduce false alarms and the discomfort often caused by these sensors, a contactless, camera-based method to measure 

RR might represent an interesting alternative solution which is being explored in the presented work. However, most of 

the existing algorithms for camera-based RR monitoring use computationally intensive optical flow computations and are 

therefore not suited for real-time applications.  

In contrast, the proposed approach uses a simple projection-based motion estimation to assess subtle thorax movements 

in the sub pixel range. These motions are computed for different regions – i.e. blocks – of the image and further classified 

by their likelihood to contain a true respiratory signal. From the blocks with the highest likelihood, the RR is estimated 

as the dominant frequency of movement. The proposed algorithm was evaluated on 18 video recordings of 9 healthy adult 

volunteers breathing at a controlled and varying rate – including apnea sequences – during 4 minutes. For each subject 

two recordings were performed, one in darkness with a near infrared camera and one with artificial illumination with an 

RGB camera. The estimated RR was compared to a reference recorded from a thoracic belt and obtained by spectral 

analysis.  

Bland-Altman analysis shows a good agreement (error: 0.0±2.4 bpm) between the reference and estimated RR, both in 

darkness and illuminated conditions. This was evaluated for more than 63 minutes of recordings (manually excluding 

apnea sequences) for which the reference RR was in the range of 5 to 25 bpm. 

A real-time capable algorithm for camera-based RR monitoring is presented. This preliminary analysis shows promising 

results on healthy adults. Future work necessitates to improve the robustness against non-respiratory movement, reliable 

detection of apnea and necessitates an evaluation on a larger database especially including neonatal data. 

 

  



 Biomed Tech 2016; 61 (s254) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5023 S254 

 

ID: Y-OP-04 

 

Hemodynamic Response to Exercise in Patients with a Left Ventricular Assist 

Device: In-Sights from Clinical Data and a Numerical Model 
 

Christoph Gross, Center for Medical Physics and Biomedical Engineering, Center of Medical University of Vienna, 

Vienna, Austria, christoph.gross@meduniwien.ac.at 

Martin Maw, Center for Medical Physics and Biomedical Engineering, Center of Medical University of Vienna, 

Vienna, Austria, martin.maw@meduniwien.ac.at, 

Christiane Marko, PVA Center for Ambulatory Rehabilitation Vienna, Vienna, Austria, 

christiane.marko@pensionsversicherung.at 

Thomas Schlöglhofer, Center for Medical Physics and Biomedical Engineering, Center of Medical University of 

Vienna, Vienna, Austria, thomas.schloeglhofer@meduniwien.ac.at, 

Michael Haller, Center for Medical Physics and Biomedical Engineering, Center of Medical University of Vienna, 

Vienna, Austria, michael.haller@resourcebase.net 

Daniel Zimpfer, Department of Cardiac Surgery, Center of Medical University of Vienna, Vienna, Austria, 

daniel.zimpfer@meduniwien.ac.at 

Heinrich Schima, Center for Medical Physics and Biomedical Engineering, Center of Medical University of Vienna, 

Vienna, Austria, heinrich.schima@meduniwien.ac.at 

Francesco Moscato, Center for Medical Physics and Biomedical Engineering, Center of Medical University of Vienna, 

Vienna, Austria, francesco.moscato@meduniwien.ac.at 

 

Improvement in physical capacity in patients with a left ventricular assist device (LVAD) implanted remains limited. 

Understanding the interaction of pump and cardiac response during exercise tests could provide valuable information 

about current limitations of LVAD patient exercise. Aim of this work was to investigate hemodynamics during exercise 

in LVAD patients using pump-based monitoring and an individualized computer model. 

Pump data from 7 LVAD patients were acquired in an ongoing clinical study using a previously developed data recorder. 

Estimated pump flow and derived parameters such as heart rate, contractility and relaxation as well as aortic valve opening 

were continuously monitored during ergometry stress tests and 6-minute walk tests. A hemodynamic lumped-parameter 

model was used to reproduce patient exercise responses. 

At a constant speed the assisted cardiac function lead to an increased pump flow at peak exercise of only +1.2±0.5 L/min 

(n=6) during physical capacity tests and +1.1±0.7 L/min (n=5) during 6-minute walk tests. Aortic valve opening following 

exercise occurred in all but one patient. Heart-rate response was absent in the same patient and was in all other patients 

+17±12 bpm during ergometry tests and +12±7 bpm during 6-minute walk tests. The hemodynamic model was able to 

reproduce and explain these observed changes in individual patients. 

In summary, with current constant-speed pump management, the flow increase during exercise in LVAD-patients is very 

limited. As more exercise patients get enrolled in the study the combination of continuous pump monitoring and of the 

hemodynamic model will provide improved understanding of the pump-hemodynamic interaction, especially to develop 

individual strategies for improving exercise response in the individual patient. 
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With an increasing number of people with chronic wounds like leg ulcera and subsequent high therapy costs, there are 

medical and economical needs for an improved wound management. 

A continuous monitoring based on flexible textile sensors enable objective recordings of important physiological and 

chemical parameters to determine the health status of the patient. These parameters include pH-value and lactate content 

of the wound exsudate as well as temperature on the wound edges. Textiles with sensor functions are easily scalable and 

have a high flexibility. Using biocompatible materials as titanium or chitosan as well as innovative textile production 

techniques, yarn based sensors can be produced to record the mentioned parameters. A textile sensor network as an 

interconnection of these yarn-based sensors can be integrated into a wound dressing or used as an additional layer in the 

bandaging of chronic wounds. This concept improves wound healing control, especially for wounds with a high risk of 

infection. Furthermore, this integrated textile sensor networks can help to improve the understanding of the wound healing 

process by analysing important physiological parameters. 

In this presentation, the developed sensor yarns integrated into a textile-based sensor network and the working principle 

are shown. 
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In orthopaedic spine surgery pedicle screw systems are used for stabilisation of the spine after injuries or disorders. Almost 

all surgeries are realized with an open procedure, which is very traumatic because of an extensive muscle dissection 

during surgery.  With an alternative percutaneous operation method surgeons are faced with huge challenges compared 

to an open surgery, but it`s less traumatic and the patient benefits with a faster rehabilitation and less traumatic injuries. 

One of the big challenges this method is, that the screw positions relative to each other are not visible for the surgeon. 

That`s why the required rod dimensions for the stabilizing connection between the screws can just be estimated by the 

operator without an open view on the operating field. Because of these facts, a smart device based system for rod shape 

assignment has been invented. For this system an application for a smart device has been developed, which integrates a 

localizer module to get the position data of the pedicle screws with help of rigid bodies placed on top of the downtubes 

intraoperatively. With the recorded position data it is possible to calculate the correct shape of the rod, which fits to the 

current pedicle screws situation. In this work the latest state of the rod assignment method and first results of the system 

accuracy will be shown. In addition prospects of an augmented reality implementation into the application and a method 

for pedicle screw placement with navigated ultrasound are being presented.  
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Total hip replacement is a very common surgical procedure in orthopedics and is performed very effectively all over the 

globe. The longevity of the implant relies mostly on the correct alignment of the components. The most critical component 

is the positioning of the acetabular cup which defines the functional performance of the entire endoprosthesis. The 

positioning of the acetabular cup is commonly referenced against the anterior pelvic plane which defines a reference for 

the anteversion and inclination angles which set the basis for a correct alignment of the implants. Current state-of-the-art 

procedures are based on Lewinnek’s inclination and anteversion angles which define a „safe zone“ of the implant. 

Lewinnek's assumptions though are only based on measurements when the patient is lying flat on the operating table and 

possess only a horizontal pelvic plane. The pelvic plane differs in standing and supine position, additionally the main 

functional pressure on the implant requires its highest performance in a standing position. With the known pelvic 

inclination, it is possible to readjust the position of the cup implant with respect to the individual posture of the patient. 

Taking into account the fact that there is no general rule how to place the cup implant for every patient,  a system was 

developed to receive patient-specific and personalized data. A cost-effective navigated ultrasonography-based system has 

been developed for measuring the patient-specific hip rotation. In this system the ultrasound probe is tracked with an 

optical localizer implemented on a hand-held mobile device. The system was tested by taking preoperative measurements 

in 20 osteoarthritis patients in standing and supine position to determine the individual pelvic rotation. 
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We present a preliminary evaluation of a prototype, portable localizer for intraoperative measurements in navigated total 

hip replacement (THR). Our system combines a color camera and a Time-of-Flight (ToF) depth camera to detect the 

instruments that are used to introduce the acetabular cup and to determine their orientation in a predefined reference 

frame. As a mobile tool, it is also capable of determining its own pose with respect to patient’s anatomy, by means of 

inside-out optical tracking, augmented with inertial cues. In contrast to the marker-based optical localizers, which are the 

current standard in computer-assisted surgery, our prototype does not require any patient- or instrument-mounted markers 

The prototype is composed of a miniature ToF camera, coupled with a smartphone with built-in color camera and intertial 

sensors. The orientation of the cup is measured based on the axis of acetabular impactor. In order to define an appropriate 

reference frame for this measurement, the system is with two patient-specific orientations of the anterior pelvic plane 

(APP): first, measured pre-operatively in standing position and the second, in supine position, measured on the operating 

table, immediately before THR. The system uses an assumption that the position of the pelvis does not change 

significantly during the procedure. All measurements of the APP are taken noninvasively, with a smartphone-navigated 

ultrasound probe. 

The prototype was tested in terms of angular accuracy, with actual instruments used for THR. As a reference system, we 

used a marker-based optical localizer. Since our tracking method is based purely on the shape and appearance of the 

instrument, we also evaluated its reliability under various lighting conditions. According to the first test, the indications 

of our prototype proved to be in agreement with those of the reference system. For more specific evaluation, further tests 

will be performed in clinical setup in the future. 
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Medical navigation plays great role in computer assisted surgery (CAS) providing intraoperative localization of medical 

instruments. Several different optical localizers are available on the market as multiple-camera standalone specialized 

systems. These devices are usually expensive and difficult to use for the user. Our aim was to develop a single-camera, 

easy-to-use, portable, and low-cost medical localizer based on Apple iPhone and iPod. We decided to use these devices 

because of their high performance, reliability and good optical parameters of their cameras.  In our approach we use iOS 

localizer app to detect two rigid bodies on the camera image and to determine their position in 3D device's coordinate 

system. Set of two Rigid Bodies (first acting as a reference and second attached to the tool) allows us to estimate position 

of an instrument regarding to position of the reference. Moreover, our localizer can be embedded into another CAS 

application providing specialized measurement system for a given medical procedure. The prototype was preliminary 

calibrated, tested and evaluated in terms of measurement accuracy and repeatability. In the testing procedure, we took 

measurements of two Rigid Bodies placed at a known distance from several different points of view and for various 

distances between the camera and the Rigid Bodies. The standard deviation of the measured distance in first validation 

trials was 1.37 mm and 2.27 mm for iPhone 6 and iPod Touch, respectively. Due to the promising results of this evaluation, 

we plan to perform more specific tests in clinical setup in near future.  
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Two ongoing trends will play a crucial role in the development of innovative medical products in future: 1. Realization 

as single use devices made of plastics to reduce manufacturing costs and avoid necessity of resterilization; 2. Integration 

of electronic components even in small medical mass products to realize smart functions such as sensing parameters or 

device tracking. We performed a comprehensive study on the challenges to insert electronic components into plastic parts 

unmediated within the injection molding process. This avoids a separate assembly step, however leads to a critical thermal 

and mechanical strain for integrated electronic parts. The study was performed on a test system comprising an electronic 

test piece and a test injection mold. The sophisticated electronic test piece contains passive (e.g. resistors, capacitors) and 

active (e.g. photodiodes, operational amplifier, temperature sensors, microcontroller) electronic components on a FR-4 

printed circuit board (PCB). The arrangement allows a differentiated consideration of damages of individual parts and 

component classes. The test injection mold was designed supported by injection molding simulation. The test mold allows 

insertion of the electronic test piece in different orientations so that next to the variation of process parameters (e.g. 

injection speed, pressure, temperature) various melt injection directions could be realized and their influence on the 

integrity of the test piece investigated. Different thermoplastics relevant for medical devices were processed. The damage 

analysis comprises microsection studies to look for form fit and shear off of electronic parts, function tests of single 

electronic components, and microcontroller data analysis. The results allow profound statements of mechanical and 

thermal loading capacity of relevant electronic components within the injection molding process. This serves as a basis 

for recommendations for action regarding the design of electronic pieces and the choice of process parameters for a 

successful processing of electronic components by injection molding. 
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Monitoring of daily physical activity is an important tool to assess health status both in normal and pathologic conditions. 

Such monitoring can be particularly useful in patients with a left ventricular assist device (LVAD) implanted. This study 

aims at the validation of activity detection based on accelerometer data and at its first application to monitor post-implant 

patient activity. 

A 3-axial accelerometer was embedded in a previously developed recording device for LVAD data, which is placed in 

the patient’s shoulder-bag. The measured signals (sampled at 10Hz) allowed a binary classification of activity/rest based 

on device position and acceleration magnitude. For validation, during ambulatory visits the accelerometer data were 

compared to notes recorded in a protocol including the time course of active and resting periods. Once validated the post-

operative course of total daily activity (min/day) was also analyzed. 

Validation was performed with 17 datasets from 11 patients and resulted in a sensitivity of 96.3±3.1% and a specificity 

of 93.6±6.8%. To investigate the postoperative course, activity data were recorded in 7 patients within the first 200 days 

post-implant (at an average length of 152 days). At post-operative days 50, 100, 150, 200 average daily physical activity 

was 60, 77, 88, 65 min/day. Two rehospitalizations due to the occurrence of adverse events were correlated with a drop 

in detected activity. 

In conclusion, activity derived from the accelerometer can be useful for monitoring LVAD therapy and for closed-loop 

feedback control of blood pumps. Combined with hemodynamic pump monitoring, it provides a comprehensive picture 

of the interaction between LVAD and the remaining cardiac function during daily living. 
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Modern Medicine is characterized by the intensive use of high-tech instruments with short innovation cycles of medical 

technology. This generates new demands for curricular contents in education of physicians beyond those of usual physics 

courses for medical students. Keeping these contents up to date and presenting the matter suitable for medical students is 

challenging. 

Usually Biomedical Engineering is not subject of education in Medicine. Some fundamentals of medical technology and 

instrumentation are embedded in courses of “Physics for Medical Students”. Textbooks of “Physics for Biology and 

Medicine” reduce the content of general physics courses by selecting topics relating mainly to application in physiology. 

Aspects like medical technology and fundamentals of informatics in medicine are often underrepresented or outdated.  In 

many textbooks of “Physics for Medicine” we found a distinct gap between their contents of basic physics and the missing 

“Introduction in Medical Technology”. A modern and contemporary curricular design should identify those gaps and 

provide appropriate course material. The goal of such courses should be to describe and explain the functional principles 

of the most frequently used medical technologies and their limitations in a way comprehensible for medical students. The 

question “How much physics knowledge is needed for a modern medical doctor?” can be answered by the course design 

principle mentioned above. We demonstrate exemplarily such gaps in textbooks used in the German speaking area and 

focus on a dozen topics of medical technology.  

The introduction and maintenance of this part of medical education is very time consuming and represents an 

extraordinary teaching load. On the other hand, such basic skills and knowledge ensure the communication level needed 

for cooperation between physicians, clinical engineers, and scientists from other fields and might be fundamental for 

prospective medical doctors working in research.  
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The MasterOnline study program Technical Medicine offers continuing medical-technological education for 

professionals working in the medical field. The study course follows the “Blended-Learning“-concept, i.e. it is conceived 

as an online study course with small portions of intermittent phases of attendance teaching.  

Beginning as a program solely designed for medical professionals, the study program expanded its target group to include 

biomedical engineers starting in the winter term of 2015. In March 2016, the first group including both medical 

professionals and biomedical engineers has completed their first semester. Additionally, students with a background in 

biomedical engineering have to complete the online course “Clinical Propaedeutics”, which includes principles of 

Anatomy and Physiology as well as Structures and Logistics. 

Students were given evaluation questionnaires at the end of the first semester. Additionally, they were personally asked 

about their demands in group interviews. We compared evaluation questionnaires of medical professionals enrolled in 

the program over the last years with questionnaires completed by the study group including biomedical engineers. Items 

such as structure of course content, learning materials, time management and workload were measured on a scale ranging 

from 1 (fully disagree) to 5 (fully agree). The results show an overall satisfaction with the study program as well as with 

the teaching situation in particular. E.g. students of the mixed cohort rated structure of course content on a scale of 1 to 5 

with 4,3, whereas medical professionals participating in the course program from 2011-2014 rated the same item with 

3,7. 

We found that students with a background in biomedical engineering rated the study program comparable to medical 

professionals. We conclude that the study program Technical Medicine provides a good opportunity for biomedical 

engineers to deepen their scientific education in the medical field and to gain skills helpful in working in a clinical 

environment. 

 

  



 Biomed Tech 2016; 61 (s264) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5024 S264 

 

 

ID: Z-OP-03 

 

Biomedical Engineering in Northern Iraq. DAAD-Projects BIONIQ-Bios and 

BIONIQ-MedPhys 
 

Thomas Schanze, FB Life Science Engineering, THM, Gießen, Germany, thomas.schanze@lse.thm.de 

Jan-Dirk Janßen, FB Life Science Engineering, THM, Gießen, Germany, jan-dirk.janssen@lse.thm.de 

Robin Etzel, FB Life Science Engineering, THM, Gießen, Germany, robin.etzel@lse.thm.de 

Martin Fiebich, FB Life Science Engineering, THM, Gießen, Germany, martin.fiebich@lse.thm.de 

 

Kurdistan region in northern Iraq belongs to the middle east crisis region. Thus strenuousness work is necessary to help 

people in this area. Biomedical engineering affects every stage of the health cycle. From prevention to diagnosis to 

monitoring to therapy, biomedical engineers support health care and thus help men. 

The recently launched DAAD-projects BIONIQ-Bios and BONIQ-MedPhys have the objectives to intensify the 

collaboration of the University of Duhok (UoD), Iraq, with THM University of Applied Sciences and to support our UoD 

colleagues to establish a bachelor degree program in the field of biomedical engineering. We also support the opening of 

a faculty in the field of biomedical technology in 2016/17 at UoD. Additional goals are to foster research and economic 

co-operations. 

However, "help for self-help" is an essential guiding principle of the two projects. In order to reach our goals, we continue 

our work that we started some years ago also within a previous DAAD sponsored project called “Biomedical Engineering 

in Northern Iraq” (BIONIQ). Several expert conferences and workshops in Duhok and in Gießen are planned. A very 

important point is the promotion of young scientists. Consequently 6 iraqi PhD students will have the possibility to receive 

scholarships in order to study biomedical engineering or medical physics at THM. Summer schools are known to have 

substantial beneficial effects on educational progress. Thus we want to carry out a summer school in the field of 

biomedical engineering and medical physics in 2017 in collaboration with our colleagues from UoD. This summer school, 

which will be principally open for UoD and THM students, is expected to promote education and, in addition, mutual 

understanding. 

We will report on the two DAAD-projects and on the work that will have taken place, those still to come, and on spillover 

effects that these projects are creating. 
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Recanalization of chronic total occlusions of coronary vessels is a wide-spread catheter intervention with proven benefit 

for the patient. However, it incorporates a certain risk of penetrating the vessel as well as increasing patient’s exposure to 

radiation and contrast agent with longer procedural time. As with many medical applications, the physician’s expertise is 

a key to successful interventions. In this work, we present a specially designed model circuit, which provides CTO-

training for interventional cardiologists. As a test scenario, a silicone model of a coronary vessel is modified to exhibit 

comparable haptic properties of a CTO with and without microchannels. Expert evaluation in the development phase will 

ensure a realistic haptic impression of the model. Extending the state-of-the-art, a special guide wire from the HapCath 

project with a diameter of 0.014 inch and an integrated force sensor at the tip can measure the intracorporal forces of the 

intervention. Additionally, a modified torquer with an integrated single-axis force sensor is used to measure the forces 

executed by the cardiologist during the test procedure. The movement of the guide wire is measured by an encoder in 

order to assess movement-based quality criteria. A camera setup with software filtering is used to obtain an x-ray-like 

image of the training scenario that can be used with a human-machine-interface similar to a real operating setup. Applied 

x-ray and contrast agent doses can be measured as well. Thus, a new training and evaluation setting for CTO training with 

haptic feedback will be developed to optimize training in interventional cardiology and to evaluate new technologies for 

the interventional treatment of these challenging scenarios. The setup will also help to evaluate whether haptic facilitates 

the CTO-intervention.  
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High quality of new algorithms, methods, workflows, and technical equipment in biomedical engineering research should 

be examined before transferring the innovation into clinical applications. Usually, evaluation is made by comparing new 

methods with approved „gold standard“ directly at an adequate cohort. But verification could be profoundly made on the 

basis of validated models with well-known characteristic parameters. Simulation with reliable mathematical or physical 

models is a typical  engineering technique, often combined with sophisticated artificial test signals. The fundamental 

procedure of modelling and simulation methodology including validation and verification will be demonstrated using 

examples from several research fields: simulation of local brain activity resulting from functional stimulation in 

neurosurgery, simulation of retinal venous pulsation at healthy subjects or glaucoma patients in ophthalmology, 

simulation of heart-pacemaker interaction, simulation of continuous blood pressure measuring, and simulation of cerebral 

autoregulation or interaction between respiratory system and mechanical ventilation devices in intensive care. Each model 

focusses on other properties of living organism and interacting technical equipment. Each dynamic biomedical 

engineering process is described by other physically and physiologically interpretable structures, functions, measures, 

parameters. But all models are based on the same engineering technology of  building an analogy to represent regulation 

and control in complex hierarchical systems by the help of flow and difference quantities. Models and simulation systems 

generated for research purposes are shared with education and training environment, complementing theoretical presence 

lectures or internet-based interactive blended learning systems with guided laboratory courses for deeper understanding 

of biomedical engineering in practical use at the patient. Background theory can be found in textbooks „Biomedizinische 

Technik“ (de Gruyter Berlin) and corresponding interactive electronic learning programme. Details of model construction 

and application of experimental setups are offered for use by other institutions for education and training  courses in 

technical and medical academic studies - or for research. 

  

 




