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Active implants for monitoring human body functions became increasingly important in recent years, especially due to
an increase of heart diseases in an aging society. With the help of a miniaturised multi sensor implant, physiological parameters in cardiovascular areas can be monitored so that early diagnostics, optimisation of therapy and reduction of
hospitalisation time can be achieved. In addition to a highly accurate pressure sensor, the developed implant consists of
a further sensor elements, such as acceleration and temperature sensor, which are implemented in order to obtain more
information about the patient’s condition and thus improve pressure measurement accuracy. For wireless energy and
data transmission inductive near-field coupling at a frequency of 13.56 MHz is used. A bi-directional data transmission
between a reader unit and the implant is needed, in order to control the state of the implant.
A precise analysis of pressure progression requires a continuous data transmission from the implant to the reader unit
with a data rate of at least 26 Kbit/s. Since standard RFID protocols only support non continuous data transmission,
such as memory access operations, an extended ISO 15693 protocol was used to fulfil these requirements. In RFID systems usually power and data are transmitted over the same set of resonant antenna coils. The so called QualityBandwidth-Dilemma describes the problem, that high energy range and high data transmission bandwidth cannot be
achieved simulatneously. Nevertheless, small antenna sizes of the implant, implantation inside human body and continuous measurements requires exactly that. In this work, a solution how to solve this problem with antenna coil design
and high efficiency power amplifier in the reader unit is presented. A system composed of the antenna coil, an ASIC
with integrated rectifier and a hand held reader unit was manufactured. Wireless measurements were done to evaluate
the results.
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Clostridium difficile is a spore-forming bacterium which constitutes a major health thread due to the production of two
secreted toxins, TcdA and TcdB. These toxins bind to cell-surface glycans and destroy intestinal epithelial cells thereby
leading to pseudomembranous colitis. In many cases, the disease results in death of the patient. To prevent that from
happening, our project aims to scavenge the toxins via glycan-functionalized microgels before they can enter the epithelial cells. Currently, the Galili-epitope, a trisaccharide, containing galactose (Gal) and N-acetylglucosamine (GlcNAc),
appears as one of the best characterized, however, non-human glycan ligand for TcdA (Cherian et al., 2016). Recent
studies identified human milk oligosaccharides as potential binders of TcdA and TcdA (El-Hawiet, Kitova, & Klassen,
2015). To screen for high affinity glycan ligands, multivalent presentation is crucial [Laaf et al., 2017]. We already have
demonstrated high affinity binding of the TcdA receptor domain on Galili-modified glycopolymer brushes (Rosencrantz
et al., 2016) as well as selective binding of lectins in glycan-functionalized microgels (Jans et al., 2017). In the present
project we synthesize a multivalent glycan ligand library presented on microgels and neo-glycoproteins (Laaf et al.,
2017). We investigate the scavenging efficacy of the microgels by an assay measuring a TcdA-mediated cell death. Furthermore, we established a mouse model of Clostridium difficile infection monitoring toxin concentrations before and
after microgel treatment. During the acute phase, we observed up to 1.5 µg TcdA and TcdB per gram stool, respectively. In conclusion, we established in vivo and in vitro models of Clostridium difficile infection and are pursuing several
promising strategies, as screening of a ligand library and glycan-functionalized microgels, to efficiently scavenge bacterial toxins.
Acknowledgements
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After a clinical operation, patients are often hospitalized for a few days for observation. In addition to supplying
measures such as wound care, biosignals like body temperature or blood pressure are observed in the patient for diagnostic purposes. Most patients, however, are usually not bedridden and would profit from sufficient movement as a
therapeutic measure without being confined to stationary monitoring devices. Therefore, the aim of this work was to
provide a textile-integrated measurement system for biosignal acquisition in humans. This measuring system was designed to record and process the vital parameters temperature, humidity, pulse, and electromyogram. The measuring
technique should neither restrict the patient's range of motion nor disturb the subjective feeling of comfort. A light and
preferably textile solution was aimed for. Based on the guideline VDI 2221, a textile-integrated and multimodal measuring device was developed. Partial solutions of the development process were examined on the basis of textile test
methods. In particular, various processes for the production of textile conducting traces and interconnections were evaluated and characterized with regard to their durability over several washing cycles.The system solutions were evaluated
by a utility analysis and the best-rated system solution was transferred to a textile prototype. The basic functionality of
the textile-integrated and multimodal measurement technology has been demonstrated. Weak points of the textile-based
signal transmission chain were identified at the interconnection points between the conducting fabric and the PCB layer.
Further work will focus on stabilizing the signal quality in motion by analyzing the system solution in a reproducible
testing environment.
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The surface topography of medical implants plays an essential role for the integration of implants within the human
body. Especially for dental implants the so called soft tissue integration plays a crucial part in the early healing phase. If
the connection of the surrounding soft tissue to the implant surface is defective, bacteria can migrate to the underlying
bone and can cause inflammation or even chronic infections. The result of such infections is more often a complete loss
of the implant. To optimize the soft tissue integration on dental implants or dental implant abutments we demonstrate a
UV-lithography based method for the fabrication of microgrooves on titanium surfaces. The presented method allows
the manufacturing of optimized surfaces for contact guidance on implant surfaces or further general contact guidance
studies to identify the influence of various groove geometries on different cell types. The microgroove distance, depth
and profile form are easily controllable by process parameters. By controlled under etching of the lithographic mask different profile forms from nearly rectangular, over curvy/spiked to sinoid shapes with different amplitudes and sizes can
be realized. The resulting microgrooves can be directly used as implant or implant abutment surface structures by rotational lithography. Due to the method principle the process is highly controllable and reproducible.

Abstracts – BMT 2018 – Aachen, September 26–28 • 10.1515/bmt-2018-6051
Biomed. Eng.-Biomed. Tech. 2018; 63(s1): S276–S401 • © by Walter de Gruyter • Berlin • Boston

S280

Learning motion artefacts in non-Cartesian magnetic resonance imaging
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As magnetic resonance imaging is a relatively slow imaging method, motion artefacts are a major problem in many
clinical applications. Motion sensitivity and appearance of image artefacts can vary considerably between imaging
sequences and experimental conditions. If the raw data collection is performed in a radial fashion or using a stripe in kspace that is subsequently rotated about the origin (PROPELLER sequence), the sensitivity to motion is low. Although
these sequences proved to be relatively insensitive to motion, the motion-correcting techniques built into the image
reconstruction are not always robust: they fail in some situations. In addition, motion during this type of acquisition can
lead to artefacts that are less easy to recognize in the final images when compared to the so-called Cartesian order of
acquisition in k-space. Here, learning algorithms are used to detect motion degrading image quality. The detection
algorithm can be used to inform motion correction approaches or to trigger data rejection and re-acquisition. The
algorithm is trained and tested using a home-built phantom with MR-visible parts that can perform computer-controlled,
reproducible movements in a clinical MR system. The motion is induced with an MR-compatible setup. The motion
traces are known exactly and can be repeated accurately. These traces – together with the corresponding motioncorrupted k-space sequences as well as their non-corrupted counterparts – are used to train a deep convolutional neural
network.
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Magnetic microspheres (MMS) are essential for magnetic drug targeting and consist typically of a polymeric matrix
material, which encloses magnetic particles and a loaded drug. MMS can be magnetically guided to a target area within
the body, where the pharmaceutical agent is released. Typically, the release takes place by degradation of the polymer
matrix. For a faster release, the microsphere has to be disintegrated actively, e.g., by an increase of the temperature of the
MMS. For this, the MMS can be exposed to an alternating magnetic field resulting in magnetization reversal losses within
the magnetic particles leading to a temperature increase of the MMS. In previous investigations, we developed magnetic
multicore nanoparticles, which show a high magnetic heating efficiency. In the here presented study, these particles were
coated by different materials to enable a homogeneous dispersion of the magnetic cores within the poly(lactic-co-glycolic)
acid (PLGA) matrix of the microsphere. The drug camptothecin was also embedded into the PLGA matrix. MMS were
prepared from this hydrophobic dispersion by formation of micro-droplets within a hydrophilic phase using a mechanical
homogenizer, followed by drying of the droplets. MMS were characterized by means of dynamic light scattering, scanning
electron microscopy, magnetometry, magnetic calorimetry, and UV/Vis spectrophotometry for determination of the drug
release as a function of time and temperature. The MMS diameter can be tuned in the range of 1 to 2 µm and the MMS
show a content of magnetic material of up to 30% by mass and a drug loading of about 0.5% by mass. The MMS have a
specific heating power of 112 W/gMMS, which enables a sufficient magnetic heating for enforced drug release from the
MMS in tissue concentration of 2 % by mass. Depending on the applied temperatures and the used PLGA type, the loaded
drug is released within hours to days.
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Within 24 h before a migraine attack unspecific premonitory symtpoms, like distortions of perception, and changes in
sensitivity to external stimuli, such as heat pain, can occur. Recently, missing habituation of pain magnitude in migraine
patients to a longer lasting heat stimulus and a 5 s suprathreshold electrical stimulation was described. Electrical stimulation in contrast to computer-driven heat stimulation has the advantage of robustness and home-usability of the system.
Based on these results, this work presents a smartphone application to track influence factors, e.g. weather conditions
and premonitory symptoms on migraine attacks and an Arduino-based control unit which replaces the traditional approach of manual and therefore error-prone and time-consuming electrical stimulation for an early prediction of migraine. The control unit consists of a microcontroller combined with a touchscreen and is designed to automatically
control a stationary and clinical electrostimulator. The application implements a diary functionality for documenting
migraine influence factors and tracking headache attacks. The usability of both components of the project was evaluated
in two separate user studies with 15 subjects (control unit) and 21 subjects (application). Furthermore, a comparison between the manual electrical stimulation, which was used in the previous study, and the control unit has been made within the study. Results show a good acceptance with SUS scores of 91.67 ± 6.96 (application) and 93.16 ± 5.02 (control
unit). Additionally, results indicate that the control unit shows the same habituation effect as the manual stimulation,
however with lower variability and overall lower pain ratings, which is highly desirable for the measurement. Overall,
the proposed system allows standardized measurements and combined with the application is a first step towards a new
method for migraine prediction. In future work, a wearable system has to be designed, that is capable of acquiring data
in a daily life setting and incorporates machine learning methods for an improved prediction of migraine attacks.
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Presently, ventilation systems struggle to capture the breathing patterns of preterm neonates, with their low tidal volume
(4-5ml/kg), high breathing rate (40-60 BPM) and short inhalation periods (0.2-0.35 sec). In addition, the distance between the inhalator system and the patient interface is often appreciably large and must be addressed.
As a result, there is currently no available technology enabling breath-triggered drug release inside the patient interface.
In order to develop such a breath-triggered technology, a test system must first be designed to validate this breathtriggered technology.
However, the current standard test procedure used to determine the aerosol release (DIN EN13544-1:2007+A1:2009,
appendix CC), does not work for this intention due to the demanding breathing patterns of preterm neonates, especially
the low tidal volume and the corresponding technical dead space.
We developed a novel test system solving the aformentioned problems. Hereby, we use a continuous powder aerosolizer (CPA), administering high concentrations of humidified surfactant, in combination with a medical ventilation system
(Babylog® 8000 plus) for breathing gas. An artificial lung simulates the breathing patterns of preterm neonates. The
released aerosol is divided into an inhaled aerosol and not-inhaled aerosol, then measured gravimetrically (filter) as well
as optically (extinction) in each case. A regression analysis provides the prediction of the aerosol concentration.
This test system allows us to determine and optimize an inhalative breath-triggered drug release for preterm neonates in
real-time.
In summary, this novel test system has the potential to become the standard test system for this new application area.
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Stents are tubular wire structures that are inserted into vessels or organs to open them in the event of a threatening stenosis. While the interventional technique for the treatment of straight vessels with stent implants is already welladvanced, the treatment of branched lumina is still regarded a highly complex intervention. Current solutions show insufficient longtime results due to the formation of granulation tissue, stent migration and implant failure.
Three-dimensional braiding is a promising technology for semi-automated production of individual, complex and nontraumatic braided structures. Nevertheless, to produce bifurcated stent implants in an automated process there is still a
lack of basic process understanding. In this paper the development and validation of a modular braiding core and the
corresponding braiding process to produce bifurcated tubular braids is presented. The developed method enables production of bifurcated stents with individual dimensions on a 3D hexagonal braiding machine. The braiding process integrates 24 filaments into a branched round braid with a continuous 1:1-1 braid pattern. Bifurcation and J-Stents can be
produced with bifurcation angles of 30° to 180°. In addition, the length of the braid’s main and side branches can be
varied continuously from 0 to 60 mm. By varying the braiding angle, the radial resistance force and the elongation under load can be specifically adjusted.
Based on subsequent optical and mechanical examinations, the process proved to be sufficient to produce bifurcated
stents with a homogeneous braid pattern and a satisfactory radial force (about 3 N). The research provides a basis for
further development of the automated production process for bifurcated stent implants. In the future the technology
promises production of individually optimized bifurcation stents on-demand. The automated process ensures low production costs and a high degree of reproducibility.
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Standardized methods and measures are ubiquitous in biomedical engineering and a key factor for the successful development and certification of novel biomaterials, implants or other medical devices. Hence, the development of standardized measurement techniques, which can be applied to nearly every material and device is of crucial importance. Within
the current work, we introduce a method to evaluate the water permeability according to ISO/FDIS 7198. The setup was
designed to determine the volumetric flow through a test sample for a given hydraulic pressure. One key feature is the
effortless replacement of the chamber containing the test sample. The measurement technique can thus be applied to a
variety of materials and medical devices. To demonstrate the functionality of the setup we fabricated nanofiber membranes using the process of electrospinning. Nonwovens with comparable thickness and varying morphology were analyzed with regard to water permeability. In particular the different fiber diameters as well as the modified inter-fiber distances result in large deviations of the water permeability. Furthermore, there are hints for a rearrangement of the nanofibers due to the applied hydraulic pressure. The developed measurement technique provides a powerful tool for the
standardized quantification of the water permeability and can be applied to a variety of biomaterials and medical devices.
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Abstract:
In this study, PLLA-based sirolimus-eluting polymer scaffolds and permanent bare-metal stents (316L) were implanted
interventionally into both common carotid arteries (CCA) of 6 female pigs via the left common iliac artery (8F-sheath).
The pigs were administered dual antiplatelet drugs peroral starting 3 days before the procedure until the end of the
study. Stented CCA segments were explanted after 12 weeks, and processed for quantitative histomorphometry, and estimation of vascular inflammation and injury scores.
SIR/polymer scaffolds showed a decreased residual lumen area and higher restenosis after 12 weeks (4.45 ± 2.23 mm²
and 61.68 ± 22.39%) as compared to the 316L reference stent (16.53 ± 1.23 mm² and 6.65 ± 1.30%). After 12 weeks,
inflammation score and vascular injury score were higher in the SIR/polymer group (1.90 ± 1.15 and 1.26 ± 0.87) compared to the 316L group (0.57 ± 0.37 and 0.83 ± 0.34).
Smaller residual luminal areas in the SIR/polymer scaffolds might have been caused by tissue ingrowth into the larger
strut interspaces due to higher strut thickness (stent area) in this group. This limitation needs to be addressed in future
work on the stent design.
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Osteofit – Determination of a limit load for the treatment of osteoporosis based
on a natural movement of the patient and acoustic emission analysis AEA
Olaf Nalik, Fachbereich Pflege und Gesundheit, University of Applied Sciences, Fulda, Deutschland, olaf.nalik@pg.hsfulda.de
Udo Wolf, Fachbereich Pflege und Gesundheit, University of Applied Sciences, Fulda, Deutschland, udo.wolf@pg.hsfulda.de
Hans-Joachim Schwalbe, Biomechanics Lab, Technische Hochschule Mittelhessen, Giessen, Germany, hansjoachim.schwalbe@me.thm.de
Joerg Subke, Biomechanics Lab, Technische Hochschule Mittelhessen, Gießen, Deutschland, joerg.subke@lse.thm.de
Osteoporosis is classified by WHO as one of the most important widespread diseases. A preventive and therapeutical
method is need to decrease the effect of bone atrophy. One element is the functional training, but as long therapist are
missing a quantitive procedure to train patients. The goal is to stimulate the bones to reactivate the body’s own processes without accomplishing the maximal loading limit.
In this project we used the high sensitive method acouctic emission analysis to monitor the loading limit of osteoporosis
bones. On a specially developed test bench (bending and torsion) the bones are stressed to the breaking loading. The
recorded hits (acoustic emission) shows characteristic attitudes on rising load in comparison to former studies of
healthy bones.
We will present acoustic sound emission characteristics of the osteoporotic femur under physiological load and discuss
the options of acoustic emission analysis in diagnosing osteoporosis and the evaluation of therapy regimes.
This procedure is promising an innovative approach which will be screen in a further study.
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Spinal Monitoring for Emergency Care Training
Björn Krystek, Department of Biomedical Engineering, Hamburg University of Applied Sciences, Germany,
bjoern.krystek@haw-hamburg.de
Marcel Dudda, Department of Orthopedics and Trauma Surgery, University of Duisburg-Essen, Germany,
marcel.dudda@uk-essen.de
Boris Tolg, Department of Biomedical Engineering, Hamburg University of Applied Sciences, Germany,
boris.tolg@haw-hamburg.de
Patients with undetected spinal injuries after accidents are prone to severe complications when subjected to abnormal
loads. During rescue missions and patient transport the increased risk of secondary traumatization of the spine has to be
minimized as much as possible. Medical and rescue personnel can be trained for the interaction with patients with preexisting spinal injuries in specific exercises using standardized patients. During objective structured clinical examinations these skills can be obseverd and evaluated.
Spinal monitoring can help demonstrate critical residual movements of the spine. An appropriate system can be used for
the assessment of these exercises and improve the awareness of the traineed due to the provided feedback. A small, unobtrusive, and wearable sensor system using inertial measurement units for these scenarios is proposed in this study
where multiple sensor units are placed on the standardized patient’s back in order to track the spinal movements at different locations along the spine.
In the current third iteration of the prototype for spinal monitoring new and better sensor components are used and evaluated. These components show significant improvement for the sensor stability and offer much faster data gathering.
While the current prototype uses larger-than-necessary commercially available breakout boards for all components,
these findings will allow us to finalize the search for components and create a custom miniaturized version of the spinal
monitor for emergency care training.
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Nanofibrous polyamide 6 scaffolds promote adhesion of endothelial cells
Valeria Khaimov (Institute for ImplantTechnology and Biomaterials e.V. and Institute for Biomedical Engineering,
Rostock University Medical Center), Rostock-Warnemünde, Germany, valeria.khaimov@uni-rostock.de
Stefanie Kohse (Institute for Biomedical Engineering, Rostock University Medical Center), Rostock-Warnemünde,
Germany, stefanie.kohse@uni-rostock.de
Daniela Arbeiter (Institute for Biomedical Engineering, Rostock University Medical Center), Rostock-Warnemünde,
Germany, daniela.arbeiter@uni-rostock.de
Niels Grabow (Institute for Biomedical Engineering, Rostock University Medical Center), Rostock-Warnemünde,
Germany, niels.grabow@uni-rostock.de
Klaus-Peter Schmitz (Institute for ImplantTechnology and Biomaterials e.V. and Institute for Biomedical Engineering,
Rostock University Medical Center), Rostock-Warnemünde, Germany, klaus-peter.schmitz@iib-ev.de
The usage of synthetic scaffolds is a promising approach in development of implant materials. In this study we fabricated nanofibrous nonwovens of polyamide 6 (PA-6) by means of electrospinning and performed a systematic characterization with regard to the mechanical and biological performance of scaffold materials. Mechanical strength was assessed by uniaxial tensile testing and biological performance was evaluated by measuring cell viability and qualitative
analysis of cellular morphology when human umbilical vein endothelial cells (EA.hy926) or human fibroblasts (HT1080) were grown on polymeric substrates. While all polymeric materials exhibited an excellent biocompatibility with
respect to cell viability, their surface topography promoted the adhesion of endothelial but not fibroblast cells. A better
understanding of the physico-chemical and morphological material properties with a selective impact on cell adhesion
will help to further improve biocompatibility of nonwovens for biomedical applications.
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Mechanical properties of 3D printed electrode arrays for electrocortical monitoring
Filip Jakimovski, Hannover Medical School (BioMaterial Engineering), Hannover, Germany,
Jakimovski.Filip@mh-hannover.de
Theodor Doll, Hannover Medical School (BioMaterial Engineering), Hannover, Germany,
Doll.Theodor@mh-hannover.de
Jan Stieghorst, Hannover Medical School (BioMaterial Engineering), Hannover, Germany,
Stieghorst.Jan@mh-hannover.de
For the detection of epileptogenic tissue by means of electrocorticography (ECoG), electrocortical grid arrays are being
used, which are produced by precision engineering. Electrocortical grid arrays typically consist of 4 to 64 platinum contacts oriented in a rectangular shape and embedded in a silicone rubber matrix. As the shape and the contact number is
limited to different standard sizes the arrays cannot adapt on the different patients anatomies.
We developed a layer-by-layer 3D printing process for the manufacturing of patient-specific more flexible electrocortical grid arrays. The substrate is printed using medical grade two component room temperature vulcanising (RTV-2) silicone rubber. For the flexible conductor paths, an electrically conductive ink consisting of biocompatible elastomeric
polymer and graphene flakes was used.
To achieve higher implant flexibility we use silicone rubbers with varying elasticity. Using tensile testing we have determined the Young´s modulus of the used materials. To investigate the influence of geometry on the implants flexibility, we have 3D printed electrode arrays with different shapes. Three-point bending flexural test were carried out to determine the bending stiffness of the samples. In addition we have examined the bending stiffness of a conventionally
available state of the art electrocortical grid array.
As assumed from the early considerations, the stiffness of the sample decreases with proportionally with the material
tensile strength. Thus, the flexibility of the printed arrays can be modified by the choice of silicone rubber. Furthermore
we observe dependence between the shape and flexibility of the arrays.
With the use of this technology we are one step closer to the manufacturing of patient-specific grid arrays which can
adapt to the patient anatomy and thereby improve the limitations of the currently available electrocortical grid arrays.
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Nanostructuring of Titanium by Anodic Oxidation with Sulfuric and Hydrofluoric Acid
P. W. Doll, Karlsruhe Institute of Technology (KIT), Institute of Microstructure Technology (IMT). Hemann-vonHelmholtz-Platz 1, 76433 Eggenstein-Leopoldshafen, Germany, patrick.doll@kit.edu
M. Wolf, M. Weichert, R. Ahrens, A. E. Guber, Karlsruhe Institute of Technology (KIT), Institute of Microstructure
Technology (IMT). Hemann-von-Helmholtz-Platz 1, 76433 Eggenstein-Leopoldshafen, Germany
B. Spindler, Fräszentrum Ortenau GmbH & Co. KG. Industriestr. 2-4. 77728 Oppenau, Germany
Titanium and its alloy Ti6Al4V are widely used in medical applications especially for medical implants such as pace
makers, endoprosthesis or dental implants. The success of an implantation of such devices is yet often limited due to
bacterial adhesion and biofilm formation on the medical implant. Once a biofilm has formed the result is more often a
loss of the implant since treatment of implant associated infections are often complicated. To prevent biofilm formation
nanostructures can be applied to the implant surface. One elegant way to manufacture self-assembled nanostructures in
form of so called nanotubes is the process of anodic oxidation. With this process it is possible to create a broad variety
of different nanostructures reaching from nanoporosities to regular hexagonal arranged nanotubes. Within this work we
demonstrate different anodic oxidation processes to achieve a broad variety of nanostructures on titanium and the titanium alloy Ti6Al4V for the use as medical implant surfaces. The influence of electrolyte, voltage and temperature on the
nanostructure formation is described. As electrolytes we investigated sulfuric and hydrofluoric acids.
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Diffusion and relaxation profiling of skin layers employing the Fourier NMRMOUSE
Jennifer Flohr, Institut für Technische und Makromolekulare Chemie, RWTH Aachen University, Germany,
Flohr@itmc.rwth-aachen.de
Christoph Kuppe, Medizinische Klinik II, University Hospital Aachen, Germany, ckuppe@ukaachen.de
Christian Rehorn, Institut für Technische und Makromolekulare Chemie, RWTH Aachen University, Germany,
Rehorn@itmc.rwth-aachen.de
Jürgen Floege, Medizinische Klinik II, University Hospital Aachen, Germany, jfloege@ukaachen.de
Bernhard Blümich, Institut für Technische und Makromolekulare Chemie, RWTH Aachen University, Germany, Bluemich@itmc.rwth-aachen.de

The skin is not only the biggest human organ but also a very sensitive one, which reflects the health and living conditions of a human. Severe illnesses like a renal insufficiency will influence processes inside the different skin layers and
therefore the natural functionality of the skin. In this study a low-field NMR tool, the Fourier NMR-MOUSE, was applied to take a deeper look into the diffusion and relaxation behavior of the human skin, as it is yet not fully understood.
To show the applicability of the Fourier NMR-MOUSE in clinical trials this study not only focused on healthy skin but
also in one specific medical topic, the skin of dialysis patients.
The human skin can be roughly divided into 4 layers, the epidermis, the dermis papillare, the dermis reticular followed
by the adipose tissue. These areas exhibit different diffusion coefficients D and T2 relaxation times, which also differ
from person to person not only by the thickness of the layers but also by the living and health conditions. An individual,
who applies skin cream daily will show a strongly deviating diffusion profile compared to one who does not. To better
understand these factors and specifically the diffusion through the skin, human and porcine skin was exposed to different liquids and cream.
During the process of dialysis not only toxins are removed from the blood of the patient but also excessive water. Until
now, the required dry weight of a patient cannot be calculated exactly. Monitoring changes in diffusion and relaxation
behaviour of skin layers may help to improve the dialysis process, as a part of the excessive water is taken out of the
connective tissue.
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The CellDrum and PulSElect system: Tools to evaluate
mechanical and pharmacological effects on arterial cells
Robin Bayer, Institute for Neurophysiology (University of Cologne) & Institute for Bioengineering (FH
Aachen), Co-logne, Germany, bayer@fh-aachen.de
Till Creutz, Institute for Bioengineering (FH Aachen), Aachen, Germany
Gerhard Artmann, Institute for Bioengineering (FH Aachen), Aachen, Germany
Aysegül Artmann, Institute for Bioengineering (FH Aachen), Aachen, Germany
Jürgen Hescheler, Institute for Neurophysiology (University of Cologne), Cologne, Germany

Hypertension is the most frequent disease related to the cardiovascular system in the Western World.
Driven by the steady increase of medical findings, the development of medication requires methods
that permit more precise and personalized evaluation of active agents and their biological response.
Additionally, new combinations of applied medication need to be assessed for their appropriate
personalized dosages and side effects. The increase in arterial pressure is most commonly associated
with increased vascular wall stiffness, caused for example by heart failure, vascular constriction and
injury. To evaluate these effects “in-vitro”, a system is required to observe the biomechanical changes
in a bioengineered vascular wall model. Analyzing the cellular tension with and without precise
mechanical stimulation of this model might give insight into etiology and/or treatment for mechanical
stress mediated hypertension. The CellDrum technology is a system for measuring mechanical
properties of cell monolayers and thin tissue constructs “in-vitro”. Due to its highly flexible polymer
support, cells can be mechanically stimulated by steady and cyclic biaxial stretching. The PulSElect
system was developed to expose CellDrum-Cell-Models to a brought range of precise and defined
dose of mechanical stimulation. Due to its dynamic functional principle, the cells can be exposed to
various, highly customized pressure pulses, resulting in cellular stretching and or compression. Recent
projects deal with monolayer and 3D cell cultures, consisting of primary arterial smooth muscle cells
and endothelial cells. The vascular model will be exposed to a non-physiological amount of
mechanical stress, which shall result in stiffness variations caused by matrix remodelling, proliferation
and vasoconstriction. To better understand the measurable parameters, the samples will be screened
for morphological changes and analyzed for expression and secretion of vasoactive transmitters. The
main aim of the study is to establish a quick and precise CellDrum model to elucidate the main and
side effects of novel and established hypertensive regulating agents in an in-vitro vascular model.
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Sparse autoregressive modelling of biomedical signals
Thomas Schanze, IBMT, FB Life Science Engineering (LSE), Technische Hochschule Mittelhessen (THM), 35390
Gießen, Germany, thomas.schanze@lse.thm.de
Assume that the current value of a discrete signal depends on previous ones. If this dependence is linear, then a current
value xi can be expressed by a weighted sum of past values and an error term to model noise: xi = a1 xi-1 + … + ap xi-p +
ei, using matrix notation we fnd x = X a + e. Such a model is called autoregressive model. If the error is not known,
then we may set e = o, subsequently we consider x and X to be erroneous. The task is to estimate the weights ai for
model order p. The weights can be obtained by solving the Yule-Walker equations or by a least squares approach.
When using the Moore-Penrose pseudo inverse, this is equivalent with minimizing ||a||2 subject to x = X a. Note, an l2solution has many small values, because large values count much more than small ones, thus it is very often not sparse.
The task is to fnd a sparse solution, i.e. to fnd an a which has few nonzero entries relative to its dimension. A sparse
solution can be obtained by using the l1-norm for minimization: min ||a||1 subject to x = X a. For this we enhanced the iterative thresholding approach to approximate a sparse solution by using the Moore-Penrose pseudo inverse and adaptive hard and soft thresholding to speed up convergence.
For testing we used simulated and biomedical signals. The results show, that signals can be represented by sparse au toregressive models, and that it is possible to uncover sparse autoregressive models, also for moderately noisy signals.
The goal of sparse autoregression is to model a current signal value by using a linear combination of a few past signal
values. For this we developed algorithms and applied them successfully to simulated and biomedical signals. The algo rithms are also useful when as little as possible parameters shall be used for an autoregressive representation of a signal.
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A treatment monitoring application for whole body PET imaging
Laveena Kewlani, Computer Aided Medical Procedures &Augmented Reality, Technische Universität München, München, Germany,laveena.kewlani@tum.de
Dr. Stephan G. Nekolla, Nuklearmedizinische Klinik und Poliklinik, Klinikum Rechts der Isar, München, Germany,
stephan.nekolla@tum.de
Metastatic disease is difficult to quantify and requires time consuming analysis. Therefore, we suggest a clinically useful method for this purpose. Response to chemotherapy in follow-up examinations is essential for evaluating and determining diagnostic performance. For this purpose, the assessment of metabolic tumor burden is relevant for disease
characterization in (18)F-FDG PET. PET using 18F-FDG currently plays a major role in cancer patient staging, management, and monitoring. Usage of diagnostic imaging devices (PET, CT etc.) to visually study the response of chemotherapy follow- up is a common practice and we used the sequential data to implement tools for therapy response.
Statistics over multiple imaging session of chemotherapy of a subject gives us a quantitative measure of metastatic disease, to potentially derive information to assist targeted chemotherapies. Overall tumor burden gives relevant information because it has impact for specific therapies. These parameters could be beneficial to assess tumor aggressiveness
over more established parameters such as the SUV (standard uptake value) that only assesses the metabolic activity of a
single lesion. We developed an algorithm that gives us an accountability over multiple parameters of the tumor or tumors within a subject and laying out graphical results for better investigation. Follow-up scans were examined, and the
resulted statistics and data distribution gave us data over different phases of chemotherapy broadly underlining on success or failure of specific case along with tumor aggressiveness.
Statistics obtained over multiple chemotherapies can further be used to study the physiology and texture of tumor with
high metabolic burden to explore and validate the effect of specific chemotherapy for a patient.
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Integrating a Usability Engineering Process into a Consisting Risk Management
Michael Scholtes, University of Applied Sciences – Faculty of Health Sciences, Wiesenstraße 14, 35390 Gießen, Germany, e-mail: Michael.Scholtes@ges.thm.de
Annemarie Behrend, University of Applied Sciences – Faculty of Health Sciences, Wiesenstraße 14, 35390 Gießen, Germany, e-mail: Annemarie.Behrend@ges.thm.de
Stephanie Buedenbender, University of Applied Sciences – Faculty of Health Sciences, Wiesenstraße 14, 35390 Gießen,
Germany, e-mail: Stephanie.Buedenbender@ges.thm.de
Keywan Sohrabi, University of Applied Sciences – Faculty of Health Sciences, Wiesenstraße 14, 35390 Gießen, Germany, e-mail: Keywan.Sohrabi@ges.thm.de
Volker Gross, University of Applied Sciences – Faculty of Health Sciences, Wiesenstraße 14, 35390 Gießen, Germany,
e-mail: Volker.Gross@ges.thm.de
The complexity of medical devices and its user interactions increases. A growing number of incident reports are assumed
to be associated primarily with user errors. This development is tackled through current modifications in standards, such
as ISO 13485:2016 and legislations, such as the Medical Device Regulation. Both intensify the focus on use errors significantly. The aim of this paper was the development of a process orientated approach integrating usability engineering
into a consisting risk management based on a classic V-model. An appropriate procedure was worked out. For each
development step, risk and usability activities were cumulated. Thus, the present paper might help medical device manufacturers to reflect their risk management and usability management processes to find synergies. Prospectively, a stepby-step guide for the integration of risk management and usability engineering based on this approach should be developed.
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Low-cost active knee orthoses – a systematic evaluation
Swantje Janzen, Institute of Medical Device Technology, University of Stuttgart, Stuttgart, Germany, swantje.janzen@imt.uni-stuttgart.de
Kent Stewart, Institute of Medical Device Technology, University of Stuttgart, Stuttgart, Germany, kent.stewart@imt.unistuttgart.de
Peter P. Pott, Institute of Medical Device Technology, University of Stuttgart, Stuttgart, Germany, peter.pott@imt.unistuttgart.de

The aging of humans induces muscle weakness which can result in the inability to climb stairs and/or stand up from a
chair and thus, is one of the first steps towards elderly having a less autonomous and self-sufficient life. Therefore, an
accessible active knee orthosis, which supports these movements would be of great assistance. Recent research projects
into active knee orthosis have focused on feasibility, perfection of motion control, and imitation of human movement.
However, very few have focused on cost factors up to now. In this paper, the current literature on active knee orthosis
which addresses elderly and/or those with muscle weaknesses, and provides assistance in climbing stairs and/or standing
up from a chair was reviewed. Within the reviewed papers potential reductions in cost were investigated. Overall, the
costs associated with active knee orthosis can be divided into three groups: before, during and after use of the device. In
addition to the used materials, the construction strongly impacts the cost. The active parts of the published knee orthoses
consist of complex structures with many components e.g. motor, gearbox, sensor technology, and control. In terms of
cost effectiveness it would be beneficial to focus on simple construction. In relation to the costs during and after the use,
a simple design which requires minimal instruction, services and repairs, and disposal as well as recycling would be
advantageous. In addition, this review found that the actuator parts of an active knee orthosis device were a signicant
contributer to the large associated costs and therefore, should be a main focus of future research into cost reduction of
active knee orthoses. Research projects into alternative, new, simple, and low-cost actuator systems, like shape-memory
(SMA) or twisted-string actuators (TSA), were also shown to be potentially useful for reducing the cost of active knee
orthoses.
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Proposal of a functional assessment battery for elbow functionality for the design and evaluation of assistive technology for children with spastic cerebral palsy.
Alberto-Isaac Perez-Sanpablo, Human Motion Analysis Lab, Mexican National Institute of Rehabilitation/Automatic
Control Department, CINVESTAV, Mexico City, Mexico, albperez@inr.gob.mx; alberto.perez@cinvestav.mx
Elisa Romero-Avila, Rehabilitation and Prevention Engineering, RWTH-Aachen University, Aachen, Germany,
romero@ame.rwth-aachen.de
Alicia Meneses-Peñaloza, Pediatrics Rehabilitation Department, Mexican National Institute of Rehabilitation, Mexico
City, Mexico, ameneses@inr.gob.mx
Maria-Elena Arellano-Saldaña, Pediatrics Rehabilitation Department, Mexican National Institute of Rehabilitation, Mexico City, Mexico, marellano@inr.gob.mx
Catherine Disselhorst-Klug, Rehabilitation and Prevention Engineering, RWTH-Aachen University, Aachen, Germany,
disselhorst-klug@ame.rwth-aachen.de
Josefina Gutierrez-Martinez, Medical Engineering Department, Mexican National Institute of Rehabilitation, Mexico
City, Mexico, josefina_gutierrez@hotmail.com
Juan-Manuel Ibarra-Zannatha, Automatic Control Department, CINVESTAV, Mexico City, Mexico, jibarra@cinvesvtav.mx
Upper limb compromise is frequent in children with spastic cerebral palsy (CSCP). This condition can not be cured but
assistive technology (AT) is a promising approach to improve their functionality. There are several clinical scales to assess upper-limb functionality, but they are lengthy and broad. Therefore, a functional assessment battery is proposed to
gather relevant information for designing and evaluating AT. Battery is based on existing validated clinical scales and
point of view of professionals, patients and caregivers (PPC) using the International Classification of Functionality and
Health (ICF) as a framework. A review of the literature was performed to identify most relevant categories within activities and participation (AP) component for CSCP and upper-limb functionality according to PPC. Five from thirty-seven
papers were reviewed including two original studies and three reviews. Categories not directly related to upper limb
functionality were discarded. Ten categories of four AP domains were identified. A second literature review was performed to find clinical scales targeting previous categories. Six of thirty-three scales were analyzed. Functional assessments were categorized in previous categories. After an use and feasibility analysis performed by a group of four experts in the field, six functional maneuvers addressing five second level categories of three AP domains were selected:
1)lifting an object to waist level (fine hand use in mobility), 2)placing an object with both hands above the head (fine
hand use in mobility), 3)throwing an object (hand and arm use in mobility and sports in recreation and leisure), 4) use a
knife to cut food (eating in selfcare), 5)Grasping and drinking from a glass (drinking in selfcare), 6)hammering (Play
and sports in Recreation and leisure). The proposed battery assessment brings an opportunity to gather relevant information about elbow functionality for the development of AT for CSCP based on PPC’s opinions and clinical scales. Research support CONACyT-BMBF-FONCICYT-267734.
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Challenges of Medical Device Regulation for Small and Medium sized Enterprises
Marcel Vila Wagner, IBMT, FB Life Science Engineering (LSE), Technische Hochschule Mittelhessen (THM), 35390
Gießen, Germany, marcel.vila.wagner@lse.thm.de
Thomas Schanze, IBMT, FB Life Science Engineering (LSE), Technische Hochschule Mittelhessen (THM), 35390
Gießen, Germany, thomas.schanze@lse.thm.de
Due to the greed of some companies, which brought lower-quality products and materials to the market at the expense of
human lives or severe human harm, the European Parliament was forced not only to revise the old Medical Device Directive (MDD) and the Active Implantable Medical Devices Directive (AIMDD), but to replace it with the extensive
MDR. With the implementation of the Medical Device Regulation (MDR) in May 2017, manufacturers of medical devices
will face new challenges for their products in the future, which also have to be implemented in a timely manner. Particularly small and medium-sized enterprises (SMEs) are concerned about whether a timely adaptation to the MDR and their
requirements can be implemented. The conversion is associated with a huge effort for all producers of medical devices
and certainly, produkt launchers. The purpose of this paper is to get an overview of the most relevant and emerging
requirements that manufacturers need to adapt to sell their medical devices in compliance with the MDR regulations. It
also explains the extent to which changes and innovations in the MDR are discusses and problems for SMEs.
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Electrode model and simulation of catheter ablation of
supraventricular tachycardia
Karl Ehret, Biomedical Engineering Department of University of Applied Sciences Offenburg, Badstrasse 24, D-77652
Offenburg, Germany, e-mail: kehret@stud.hs-offenburg.de
Matthias Heinke, Biomedical Engineering Department of University of Applied Sciences Offenburg, Badstrasse 24, D77652 Offenburg, Germany, e-mail: matthias.heinke@hs-offenburg.de
Johannes Hörth, Biomedical Engineering Department of University of Applied Sciences Offenburg, Badstrasse 24, D77652 Offenburg, Germany, e-mail: johannes.hoerth@hs-offenburg.de

Background: The high frequency (HF) catheter ablation is the gold standard for the therapy of many cardiac tachyarrhythmias, such as atrioventricular node re-entry tachycardia (AVNRT), atrioventricular re-entry tachycardia
(AVRT) or atrial flutter (AFL). The aim of the study was to simulate the HF ablation of AVNRT, AVRT, AFL and its
heat propagation in reference to the supplied power with different electrode material and electrode size.
Methods: The modeling and simulation were performed with the thermal and electromagnetic simulation software
CST® (CST Darmstadt). The modeling and simulation were carried out using ablation catheters with 4 mm tip electrode and 8 mm tip electrode with different electrode materials. Both electrode types were made of platinum and gold
respectively. For the measurement of the heat propagation in the heart tissue, the catheters were integrated in the Offenburg heart rhythm model.
Results: The HF ablation procedures were performed with the 4 mm platinum tip electrode, with an application duration of 45 seconds and a power output of 40 watts. The HF ablation of the atrioventricular node slow pathway produced
a maximum temperature of 66.33 °C. The Kent bundle HF ablation in the left atrium achieved a maximum temperature
of 67.14 °C. The HF ablation of the right atrial isthmus resulted 65.96 °C. The 8 mm distal platinum tip electrode and a
power output of 60 watts reached 72.85 °C. The 8 mm distal gold tip electrode and a power output of 60 watts reached
64.66 °C, due to the improved thermal conductivity of gold.
Conclusions: Virtual heart and ablation electrode models allow the static and dynamic simulation of HF ablation with
different electrode material and electrode size. The 3D simulation of the temperature profile may be used to optimize
the AVNRT, AVRT and AFL HF ablation.

.
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Registration of pre- and postoperative surface scans for pediatric neurosurgery
Manuel Katanacho, Fraunhofer Institute for Production Systems and Design Technology IPK, Berlin, Germany,
e-mail: manuel.katanacho@ipk.fraunhofer.de
John-Certus Lack, Felix Fehlhaber, Jörg Krüger, Fraunhofer Institute for Production Systems and Design Technology
IPK, Berlin, Germany, e-mail: {felix.fehlhaber,joerg.krueger}@ipk.fraunhofer.de
One in 2,000 newborns in Germany suffers from craniosynostosis. Craniosynostoses cause premature ossification of
cranial sutures during the first months of life, which impairs cranial growth. Surgical correction of deformity ensures
natural growth of the brain and prevention of long-term damage. To evaluate the outcome of the surgery and to improve
future operations, 3D surface scans of the patient's head are taken before and after the operation. The comparison of
pre- and postoperative data is currently carried out visually by the attending physician using separate graphical views on
the computer. The goal of the work is the development and implementation of a software for automatic registration and
differential visualization of these pre- and postoperative data. The core operations of the registration include an automatic head extraction, a rough registration by aligning the main axes, a depth map-based registration for the robust determination and registration of feature points in the facial area, and a fine registration. For head extraction, a the point
clouds are projected in 10° steps from different directions onto a virtual image plane. The neck position is reliably computed by determining the minimum width of the projection image from different directions. The rough registration provides for an alignment of the point clouds along the longitudinal/width and depth axis. In the first step, the orientation
of the head (sagittal plane) is carried out by an elliptical fit and calculation of the main axis. For alignment around the
horizontal axis, three feature points around the nose are detected in the data sets and used for alignment. Rotation
around the depth axis is performed by minimizing the sum of the differences. The depth map-based registration converts the calculation of corresponding feature points in computed depth maps (2D), which are then transformed back to
single points in 3D. The corresponding characteristic points allow the calculation of the registration transformation by
minimizing the sum of the differences. The fine registration is finally carried out with an adapted ICP algorithm. The
difference visualization allows the comparison of the pre- and postoperative data of the patient. The preoperative data
set, the postoperative data set and the visualization of the differences are displayed in a 3D viewer. The visualization of
the distances in different colors allows users to read the distance in millimeters depending on the position.
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Computational comparison of different textile implants to correct apical prolapse in females
Aroj Bhattarai, Biomechanics Laboratory, Institute of Bioengineering, FH Aachen University of Applied Sciences,
Heinrich-Mußmann-Str.1, 52428, Jülich, Germany, bhattarai@fh-aachen.de
Manfred Staat, Biomechanics Laboratory, Institute of Bioengineering, FH Aachen University of Applied Sciences,
Heinrich-Mußmann-Str.1, 52428, Jülich, Germany, staat@fh-aachen.de
Weakness or damage of the supporting tissues during childbirth, menopause or previous pelvic surgeries may put females in higher risk of prolapse. Post-hysterectomy apical prolapse in multiparous elderly women can be surgically
treated using textile implants. Implants of different shapes, sizes and polymers are available, the selection before or during minimally invasive surgery depends on the patient’s anatomical defect, intended function after reconstruction and
the surgeon’s preference. However, such surgical interventions using textile mesh implants may possess a certain probability of long term complications, such as chronic pain, infection, mesh shrinkage, excessive organ support thereby restricting functions in different compartments and foreign body inflammations. These events may require multiple reoperations including complete mesh removal which may significantly impair the patient’s quality of life.
Numerical simulations of reconstructed pelvic floor with weakened tissues and organ supported by textile models: DynaMesh®-PRS soft, DynaMesh®-PRP soft and DynaMesh®-CESA from FEG Textiletechnik mbH, Germany are compared. Weakened or lax tissues are modeled by reducing their stiffness to simulate the weakened pelvic floor being responsible for prolapse. The biomechanical performances of the post-hysterectomy apical prolapse repair techniques:
sacrocolpopexy (anterior longitudinal ligament fixation of DynaMesh®-PRS soft,), pectopexy (iliopectineal ligament
fixation of DynaMesh®-PRP soft,) and cervicosacropexy (bilateral reinforcement of the uterosacral ligaments using DynaMesh®-CESA,) are investigated using a 3D finite element (FE) model of the female pelvic floor. Mesh implants are
expected to reposition the vaginal-cervical stump at rest after surgery and during Valsalva maneuver. The results of the
FE analysis with different implants are compared with respect to the stump position and the vaginal axis after reconstruction. The success of the surgical approach may be associated with sufficient vaginal mobility and desired level of
support from the implants during increased intra-abdominal pressure for all three implants which defines the patient’s
comfortability and relative movement of the organs.
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Extended CT Hounsfield values scale as a method to improve radiotherapy
for patients with active and metallic implants
Zehra Ese1,4,5, Lara Tuma5, Sima Qamhiyeh2, Jakob Kreutner1,3, Gregor Schaefers1,3, Daniel Erni4 und Waldemar
Zylka5
1

MR:comp GmbH, Buschgrundstraße 23, 45894 Gelsenkirchen, Germany
Radiation Therapy, University Hospital Essen, Hufelandstraße 55, 45147 Essen, Germany
3
MRI-STaR – Magnetic Resonance Institute for Safety, Technology and Research GmbH, Buschgrundstraße 23,
45894 Gelsenkirchen, Germany
4
General and Theoretical Electrical Engineering, University Duisburg-Essen, Bismarckstraße 81, 47057
Duisburg, Germany
5
Electrical Engineering and Applied Natural Sciences, Westphalian University, Campus Gelsenkirchen, 45897
Gelsenkirchen, Germany
2

Radiotherapy (RT) planning is based on computed tomography (CT) images. A CT scan provides
information about shape and location of the organs and describes the radiation attenuation in tissue by
Hounsfield units (HU). The conventional HU (CHU) scale is optimized to cover all relevant human
tissue types and thus cannot represent the much higher values of metallic materials. In order to
increase the safety of patients with metallic implants in RT, a precise determination of the HU values
is necessary. Some modern CT systems offer an extended HU (EHU) scale that allow proper
representation of metallic objects. We present the quantification of HU values for typical materials of
active implants.
The HU values of the metallic samples (titanium, chromium, aluminium and copper) were determined
both on the CHU and EHU scales. All samples were positioned in a water phantom and CT images
were acquired with a SIEMENS Somatom Force Dual Energy CT (100 kV and 150 kV, 600 mA) and
reconstructed on both HU scales. The HU values were quantified in Varian Eclipse™ software within
a constant ROI. The distribution of HU values across the sample was analysed.
Aluminium shows an HU value of (2148±172) HU in both HU scales. Materials with mass densities
above 3.0 g/cm3, such as titanium, chromium and copper, are shown as a constant value of
HUmax=3017 HU on the CHU scale, which is due to saturation. On the EHU scale, the HU values are:
titanium (6543±713) HU, chromium (8722±127) HU and copper (11552±127) HU, respectively. The
transverse profiles of the samples show cupping artifacts, which are more severe for increasing mass
density.
This study shows that the EHU scale is better capable of reproducing HU values of high-density
materials than the CHU scale; use of the former would lead to improved dose calculations in RT for
patients with implants. Due to cupping artifacts, the quantified HU value strongly depends on the
selected ROI´s position and size.
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Microplastic extraction from biological materials – a possible extraction
method
Adrian Monteleone, Andreas Fath, Folker Wenzel
Medical and Life Sciences, Furtwangen University, Villingen-Schwenningen, Germany
Introduction: Since the beginning of industrial production in 1950, plastic production has continued to
grow strongly worldwide and is now at 322 million tonnes in the year 2015. From these very high
production volumes ever larger quantities are found in the environment. There the plastics degradate to
microplasticity and spread ubiquitously in the world. The present work deals with the possible uptake
of microplastic particles in human organisms. For the detection of these plastic particles, an extraction
method was developed and validated.
Materials and Methods: Biological materials consist of human blood (healthy volunteers, n = 4) and
different tissues of pigs and cattles. Various lysis solutions were tested for degradation efficiency of
biological material and for effects on the plastics. The mass loss, surfaces and structure variations as
well as the physicochemical spectrum of the material were observed after treatment by atomic force
(AFM) and electron microscopy (EM) and Fourier transform infrared spectrometry (FTIR).
Results: The different plastic types as polyamide (PA), polycarbonate (PC), polyethylene (PE),
polypropylene (PP), polystyrene (PS) and polyvinyl chloride (PVC) could be clearly differentiated and
identified by FTIR. Regarding the surface control, especially PVC showed detectable alterations: After
extraction an irregular surface structure caused by protuberances or bubbles could be observed.
However, instead of these alterations an equivalent count of plastic particles was found in correlation
to the applied plastic amount (recovery rate overall was 99,12 ± 0,67%).
Conclusion: The applied method can be used for plastic extractions from human or animal tissues
without remarkable effects on the plastics.
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Digital products and processes in dental technology
Needs for digitalization

Eva Rothgang, Ostbayerische Technische Hochschule, Germany; Michael Wehmöller, Hochschule Osnabrück,
Germany

Following the VDMA guideline Industry 4.0 potential ways towards digitalization of production are illustrated
using an example from dental technology. The special feature in medical engineering is the responsibility of the
physician, particularly in the context of custom-made products. Data security, integrity, and traceability is
mandatory in digital processes when responsibility is switching between parties, e.g. dental laboratory / practice.
This article illustrates how those requirements can be met.
Keywords: Digitalization, processes, data security, data integrity, medical engineering, traceability.
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A methodical approach for integrating end-user usability evaluations into the
procurement process of medical devices
Lorenz Müller, FH Münster, Steinfurt, Deutschland, lorenz.mueller@fh-muenster.de
Claus Backhaus, FH Münster, Steinfurt, Deutschland, claus.backhaus@fh-muenster.de
Efficient and safe patient treatments in health facilities require medical devices with a high usability. However, the usability of a medical device depends on its use context. That is why product evaluations play a crucial role during the procurement processes. The problem is that current evaluations are not standardized planned or evaluated. Therefore, a
standardized procedure for clinical evaluations is needed. For this purpose, exploratory semi-structured expert interviews were conducted in German health facilities. As part of these interviews, a participatory process analysis was conducted to identify current procurement practices, product requirements and decision influencing factors. The evaluation
was performed through a qualitative and quantitative data analysis. As a result, based on the interview findings and
common usability-methods a suitable solution was developed. A total of 65 interviews were conducted. Study participants were managing directors (n = 11), purchasers (n = 15), medical technicians (n = 13), physicians (n = 15) and nurses (n = 15) from hospitals (n = 36), care facilities (n = 13), doctor's practices (n = 13), as well as one rescue service. The
study represents the current state of the medical device procurement in Germany. The results show that different interest
groups influence the purchase of medical devices and further proves the need for a standardized integration of user
needs. The developed procedure comprises a standard procurement process, checklists to identify the use context and
the user requirements and a questionnaire to evaluate the user satisfaction. The procedure provides a framework for increasing the usability of medical devices in health facilities. It sensitizes the importance of usability issues and helps to
select suitable products. Further tools can be easily integrated.
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Improving electrocorticograms of awake and anaesthetized mice using wavelet
denoising
Michael Schweigmann, Department of Electrical Engineering, Trier University of Applied Sciences, Trier, Germany
and Department of Molecular Physiology, CIPMM, University of Saarland, Homburg, Germany, e-mail:
m.schweigmann@hochschule-trier.de
Fabian Auler, Department of Electrical Engineering, Trier University of Applied Sciences, Trier, Germany
Frank Kirchhoff, Department of Molecular Physiology, CIPMM, University of Saarland, Homburg, Germany, e-mail:
frank.kirchhoff@uks.eu
Klaus Peter Koch, Department of Electrical Engineering, Trier University of Applied Sciences, Trier, Germany,
k.koch@hochschule-trier.de

The quality of bioelectrical signals is essential for functional evaluation of cellular circuits. The electrical activity recorded from the cortical brain surface represents the average of many individual synaptic processes. By downsizing micro-electrode arrays, the spatial resolution of electrocorticograms (ECoGs) can be increased. But, upon increasing electrode impedance, recorded noise from the electrode–tissue interface and the surroundings will become more prominent.
Frequently, signal interpretation is improved by post-processing using filtering or pattern recognition. For a variety of
applications, wavelet denoising has become an accepted tool. Here, we present how wavelet denoising affects the signal-to-noise ratio of ECoGs. The recording qualities from awake and anesthetized mice was artificially reduced by adding two noise models prior to filtering. Raw and filtered signals were compared by calculating the linear correlation coefficient. We show that wavelet denoising algorithms have only minimal effects on the recorded ECoGs of mice, but a
high effect on the artificially applied signal noise. Compared with other standard filtering methods, the strong advantage
to restore the ECoG signal of the wavelet approach is shown. In addition, we tested three different wavelets (dB4, dB8,
sym24). They demonstrated a similar performance but the sym24 wavelet required substantially more computer time
than the dB4 and dB8 wavelets.
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Characterization of Acoustic Properties of Poly-(L)-lactic Acid Nanoparticles in
terms of Inertial Cavitation
Pia-Theresa Hiltl, Division fo Pharmaceutics, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, Germany,
pia.hiltl@fau.de
Michael Fink, Chair of Sensor Technology, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, Germany,
michael.fink@fau.de
Astrid Hofmann, Chair of Sensor Technology, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, Germany, astrid.hofmann@studium.fau.de
Helmut Ermert, Chair of Sensor Technology, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, Germany,
helmut.ermert@fau.de
Geoffrey Lee, Division fo Pharmaceutics, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, Germany, geoff.lee@fau.de
Stefan J. Rupitsch, Chair of Sensor Technology, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, Germany, stefan.rupitsch@fau.de

Chemotherapeutical cancer treatment comes with a high risk of serious side effects, like hair and weight loss, skin irritation, nausea and emesis. To lower these, it is necessary to decrease the applied dosis of cytostatics. Drug targeting, if
active or passive, provides the possibility to apply the drug directly on a carrier to the tumour region.
Polymer nanoparticles containing poly-L-lactic acid with a size of 110 nm show passive aggregation in the tumourous
tissue due to the enhanced permeation and retention effect. Drug release is intended to be controlled via high intensity
focused ultrasound. Therefore, we use the effect of ultrasound-mediated inertial cavitation. After freeze drying and reconstitution with water, the nanoparticles show inertial cavitation. They are being activated using focused ultrasound
waves with a frequency of 835 kHz and a moderate negative acoustic peak pressure level of 1.5 MPa. To understand
this process more accurately, we characterized not only the particles themselves but also the cavitation circumstances
like temperature, pressure threshold and frequency dependency. Inertial cavitation appears after reaching the threshold
of 0.2 MPa and after filtration with a threshold of 0.55 MPa.
In this contribution, we will show the production process of the particles and demonstrate that cavitational activity is as
high as of a commercial microbubble based ultrasound contrast agent.
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Cryoballoon model and simulation of catheter ablation for pulmonary vein isolation in atrial fibrillation
Müssig Robin, Department of Electrical Engineering and Information Technology / Medical Engineering, University of
Applied Sciences, Offenburg, Germany, rmuessig@stud.hs-offenburg.de
Matthias Heinke, Department of Electrical Engineering and Information Technology / Medical Engineering, University
of Applied Sciences, Offenburg, Germany, matthias.heinke@hs-offenburg.de
Johannes Hörth, Department of Electrical Engineering and Information Technology / Medical Engineering, University of
Applied Sciences, Offenburg, Germany, johannes.hoerth@ hs-offenburg.de
Background: Pulmonary vein isolation (PVI) is a common therapy in atrial fibrilation (AF). The cryoballoon was invented

to isolate the pulmonary vein in one step and in a shorter time than a point-by-point radiofrequency (RF) ablation. The
aim of the study was to model two cryoballoon catheters, one RF catheter and to integrate them into a heart rhythm model
for the static and dynamic simulation of PVI by cryoablation and RF ablation in AF.
Methods: The modeling and simulation were carried out using the electromagnetic and thermal simulation software CST
(CST, Darmstadt). Two cryoballons and one RF ablation catheter were modelled on the basis of the technical manuals of
the manufacturers Medtronic and Osypka. The PVI especially the isolation of the left inferior pulmonary vein using a
cryoballoon catheter was performed with a -50 °C heatsource and an exponential signal.
Results: The temperature at the balloon surface was -50 °C after 20 s ablation time, -24 °C from the balloon 0,5 mm in
the myocardium, at a distance of 1 mm -3 °C, at 2 mm 18 °C and at a distance of 3mm 29 °C. PVI with RF energy was
simulated with an applied power of 5 W at 420 kHz at the distal 8 mm ablation electrode. The temperature at the tip
electrode was 110 °C after 15 s ablation time, 75 °C from the balloon at 0,5 mm in the myocardium, at a distance of 1
mm 58 °C, at 2 mm 45 °C and at a distance of 3 mm 38 °C.
Conclusions : Virtual heart rhythm and catheter models as well as the simulation of the temperature allow the simulation
of PVI in AF by cryo ablation and RF ablation. The 3D simulation of the temperature profile may be used to optimize RF
and cryo ablation.
Keywords: pulmonary vein isolation, atrial fibrillation, radiofrequency ablation, cryoablation, cryoballoon
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Development of a graphical user interface and cross manufacturer adaptation of
a program for determining the pulse wave velocity in the aorta from phasecontrast magnetic resonance images
Constantin Schareck, Institute of Medical Engineering, Universität zu Lübeck, Lübeck, Germany, constantin.schareck@student.uni-luebeck.de
Thekla Oechtering, Clinic of Radiology and Nuclear Medicine, Universitätsklinikum Schlesweig-Holstein, Lübeck,
Germany, thekla.oechtering@uksh.de
Alex Frydrychowicz, Clinic of Radiology and Nuclear Medicine, Universitätsklinikum Schlesweig-Holstein, Lübeck,
Germany, alex,frydrychowicz@uksh.de
Martin Koch, Institute of Medical Engineering, Universität zu Lübeck, Lübeck, Germany, koch@imt.uni-luebeck.de
Due to the periodic contraction of the heart, a pulse-shaped course of the blood velocity is caused in the aortic system.
The speed at which this pulse wave moves is called pulse wave velocity (PWV). Since it depends, among other parameters,on the elasticity of the vascular wall, it can be used clinically as an indicator of atherosclerotic changes and, above
all, as a measure of the risk of stroke for hypertensive patients. PWV can be determined non-invasively if the blood
flow inthe aorta is measured via flow-sensitive MRI. Within the scope of this work, existing phase-contrast (PC) image
analysis algorithms, resulting in the PWV, were embedded in a graphical user interface (GUI). These algorithms were
only able to evaluate PC images which were acquired on a Philips tomograph. Therefore they have been extended for
the analysis of PC images acquired on a Siemens tomograph.
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Reconstruction of the Excitation Origin Region of Focal Ventricular Tachycardia with the ECG
Nicolas Pilia, Karlsruhe Insitute of Technology (KIT), Karlsruhe, Germany
Olaf Dössel, Karlsruhe Insitute of Technology (KIT), Karlsruhe, Germany
publications@ibt.kit.edu

Catheter ablation is a common treatment of focal ventricular tachycardia. Since the triggering sites have to be found in an
elaborated procedure, a method for automatically determining their positions is desired. In this work, we propose the
usage of a classification algorithm assigning measured ECGs to ventricular segments to give the physician an estimation
of the position of triggering site. Furthermore, we present a method for choosing adequate segments. We considered 600
simulated 120-lead ECGs with different known excitation origins in the heart. The segments were defined according to a
clustering algorithm similar to k-means minimising an intra-class distance and simultaneously maximising an inter-class
distance. For intra-class distances, we calculated ECG features and minimised their Euclidean distance to the cluster
center in combination with the actual spatial Euclidean distance in an iterative algorithm. At the same time, we maximised
inter-class distance by minimising the reciprocal of the Euclidean feature distance between the cluster centers. The
weighting of inter- and intra-class distances is a tunable parameter as well as the number of found clusters (17 in this
study). The found clusters were used to train a neural network with 10 neurons in one hidden layer. We used the determined ECG features as input for the classifier delivering a probability for each of the 17 segments. The maximum probability determined the class to be assigned. Evaluation with 10-fold cross-validation delivered a correct rate of 89%. At
this point, we need to remark that neither the network, e.g. number of hidden neurons, nor the parameters of the clustering
algorithm were optimised. Furthermore, by just using the maximum probability, we discarded possible valuable information. Last, the method has to be benchmarked with either more simulations from different geometries or patient data.

Abstracts – BMT 2018 – Aachen, September 26–28 • 10.1515/bmt-2018-6051
Biomed. Eng.-Biomed. Tech. 2018; 63(s1): S276–S401 • © by Walter de Gruyter • Berlin • Boston

S312

Biphasic parameter identification of equine articular cartilage from creep indentation data using an optimized 3D FE-based method
Thomas Reuter, ICM-Institut Chemnitzer Maschinen- und Anlagenbau e.V., Chemnitz, Germany, t.reuter@icmchemnitz.de
Christof Hurschler, Laboratory for Biomechanics und Biomaterials, Hannover, Germany, Hurschler.Christof@mhhannover.de
Articular cartilage can be investigated and characterized by biomechanical, biochemical and histological analysis. The
biomechanical properties contain a variety of relevant information for the functional characterization of cartilaginous
tissue. In this study, we present a biphasic 3D-FE-based method to determine the biomechanical properties of equine
articular cartilage from creep indentation tests by using a cylindrical rigid indenter (diameter 1 mm) with a loading of
0.1 N and a creep duration of 1000 s.
The determination of the material parameters of equine articular cartilage (knee, medial condyle, n=5) were performed
in two steps. First, creep indentation measurements were conducted to record the creep indentation profile over time at a
constant creep load. Second, a computational approach was developed to identify the material properties of articular
cartilage. A biphasic FE-model was used for an accurate description of the mechanical behavior of articular cartilage.
The FE-model was optimized by exploiting the axial symmetry and mesh resolution. The parameter identification was
executed with the Levenberg-Marquardt-algorithm. Additionally, sensitivity analyzes of the calculated biomechanical
parameters were performed.
Results show that the Young’s modulus has the largest influence and the Poisson’s ratio of ν ≤ 0.1 is rather insensitive.
The R² of the fit results varies between 0.882 and 0.974. The determined values of the Young’s modulus were
0.806±0.093 MPa, the Poisson’s ratio 0.03±0.06 and the permeability 0.012±0.002 mm4/Ns (mean±standard deviation).
The two-step method is a robust approach to extract the material parameters of articular cartilage. Because of the insensitivity of the Poisson’s ratio in the range of ν ≤ 0.1, the three parameter identification approach can be reduce to a two
parameter identification problem.
Future work will deal with mathematical extensions of the biphasic 3D-FE-model. The application of the optimized 3DFE-based method will focus on the characterization of cartilage constructs or degenerate cartilage tissue.
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Comparison of biphasic material properties of equine articular cartilage from
stress relaxation indentation tests with and without tension-compression nonlinearity
Thomas Reuter, ICM-Institut Chemnitzer Maschinen- und Anlagenbau e.V., Chemnitz, Germany, t.reuter@icmchemnitz.de
Christof Hurschler, Laboratory for Biomechanics und Biomaterials, Hannover, Germany, Hurschler.Christof@mhhannover.de
The mechanical parameters of articular cartilage estimated from experiments depend on the constitutive model adopted
to analyze the data. In this study, we present a 3D-FE-based method to determine the biomechanical properties of equine articular cartilage from stress relaxation indentation tests by using a cylindrical rigid indenter (diameter 1 mm)
with a strain value of 6 % and a relaxation time of 1000 s. Whereby articular cartilage is modeled as a biphasic material
without (BM) and with tension-compression nonlinearity (BMTCN).
The determination of the material parameters of equine articular cartilage (knee, medial condyle, n=5) were performed
in two steps. First, stress relaxation indentation measurements were conducted to record the stress relaxation indentation
profile over time at a constant strain. Second, a computational approach was developed to identify the material properties of articular cartilage. The FE-model computation was optimized by exploiting the axial symmetry and mesh resolution. Parameter identification was executed with the Levenberg-Marquardt-algorithm. Additionally, a comparison between BM-model and BMTCN-model was performed.
The BMTCN model describes the experimental stress relaxation indentation with higher accuracy (R² = 0.92±0.04) than
the BM-model (R² = 0.84±0.08). Particularly, the initial stress relaxation behavior is better described by the fiber modulus from the BMTCN-model. However, the Young’s modulus of both models describes the equilibrium force of cartilage. The determined parameters of both models were in the same order of magnitude, permeability values were particulary close. The mean value for the Poisson’s ratio estimated from BM-model is nearly zero. The Poisson’s ratio is rather
insensitive and assumed to be zero for the BMTCN-model. The fiber modulus determined from the BMTCN-model is
10-times lower than the Young’s modulus.
Future works will focus on the characterization of cartilage constructs with the BMTCN-model. Especially the maturing
process of cartilage constructs will analyze with stress relaxation tests.
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Implementation of open-porous load-bearing structures for the
improvement of the primary stability of acetabular press-fit cups
Volker Weißmann
University of Applied Science, Technology, Business and Design, Philipp-Müller-Str. 14, 23966 Wismar,
Germany
E-Mail: weissmann@ipt-wismar.de

Additive manufacturing and the three-dimensional design of components or structures using titanium and
titanium alloys offer a wide range of unprecedented applications in medical technology thanks to their
multifarious properties (biomedical compatibility, corrosion resistance, mechanical properties).
The suitability and successful application of mechanically optimized structures in biomedical fields, such as
bone substitutes, depend essentially on their mechanical properties. As is generally known, mechanical
properties are directly determined by the size and shapes of structures, as well as by manufacturing conditions. In
addition to reducing the stiffness of implants, the primary objective of developing structures is to achieve bonelike mechanical parameters and to design the replacement structure in a porous (micro and macro) structure or
surface.
In the field of human orthopaedic care such as the use of cement-free acetabular cups in a press-fit design this
offers new possibilities and as well as new constructive and procedural challenges for development engineers.
The development of new cup designs requires the proof of suitability for the intended application. In addition to
proving the initial stability during the insertion of the cup into the bone bearing, this entails the primary stability,
which decisively influences the success of an implantation. Of particular interest in pre-clinical examinations for
the assessment of the anchoring strength of press-fit acetabular cups is experimental work to evaluate their pullout and lever-out behaviour.
In this work differently designed press-fit acetabular cups are characterized with respect to the open-pore
structures used and compared with each other in terms of anchoring strength in artificial bone cavities. Here, the
design of the load-bearing porous structure (micro- and macro porosity) is based on bone-like stiffness. The
results show the influence of the structure used on the anchoring strength and they identify ways to improve
primary anchorage strength.
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Development of a tissue model to simulate extravasation
Niels Hinricher, Fachhochschule Münster, Münster, Germany, niels.hinricher@fh-muenster.de
Leonard Pawelzik, Fachhochschule Münster, Münster, Germany, leonard.pawelzik@fh-muenster.de
Claus Backhaus, Fachhochschule Münster, Münster, Germany, claus.backhaus@fh-muenster.de
A frequent complication in children during infusion therapy is the emergence of extravasation. Extravasation occur when
the infusion solution is not delivered into the vein, but into the surrounding tissue.
To test a new developed measuring system, which should detect extravasations early, a tissue model is needed.
This tissue model with artificial blood flow is developed according to VDI Guidelines 2221/2222 to simulate extravasation. The development process is divided into two parts. The first part is the development of an experimental setup to
simulate venous hemodynamics. The second part is the preparation of an artificial tissue, which emulates a physiological
infusion site, especially the mechanical properties of human tissue.
The venous hemodynamic is generated in the model by a roller pump in conjunction with an adjustable compliance vessel
and a controllable flow resistance. The artificial blood flows in an open circuit and is heated to 37 °C. The current blood
pressure and flow is detected by sensors, processed and visualized with a LabVIEW based software application.
To identify an appropriate material for the artificial tissue, compression curves of various materials are measured and
compared with the compression curve of porcine tissue (Musc. longissimus dorsi). Silicone and gelatin prove to be the
most suitable materials (r = 0,98).
Due to low acquisition costs, as well as the ease of modifying the mechanical properties, gelatin is chosen as the optimal
material. Silicone tubes are poured into the gelatin and used as artificial veins. These are available in various sizes and
have similar geometric and mechanical properties as human veins.
With this developed setup, different physiological pressures (1- 25 mmHg) and flows (50- 300 ml/min) can be adjusted.
Furthermore, the tissue model offers the possibility of imaging veins of various geometries in tissues with variable mechanical properties and, overall, a cost-effective way to simulate infusions and extravasations.
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Molecular processes of corneal collagen cross-linking in keratoconus therapy
Steven Melcher, Carl Gustav Carus Faculty of Medicine, Anesthesiology and Critical Care Medicine, Clinical Sensoring and Monitoring, TU Dresden, Dresden, Deutschland,
steven.melcher@tu-dresden.de
Eberhard Spörl, Department of Ophthalmology, University Hospital Carl Gustav Carus, TU Dresden, Dresden,
Deutschland, eberhard.spoerl@uniklinikum-dresden.de
Edmund Koch, Carl Gustav Carus Faculty of Medicine, Anesthesiology and Critical Care Medicine, Clinical Sensoring
and Monitoring, TU Dresden, Dresden, Deutschland,
Edmund.Koch@tu-dresden.de
Gerald Steiner, Carl Gustav Carus Faculty of Medicine, Anesthesiology and Critical Care Medicine, Clinical Sensoring
and Monitoring, TU Dresden, Dresden, Deutschland,
gerald.steiner@tu-dresden.de
Corneal collagen cross-linking (CXL) with riboﬂavin and UVA light is a therapeutic procedure to restore the mechanical stability of corneal tissue. The treatment method applies to pathological tissue changes, such as keratoconus. It induces the photochemical formation of new collagen cross-links. Although therapeutic effects are indisputable, the exact
molecular process of CXL and how cross-links are formed is still unclear. In this work, Fourier-transform infrared (FTIR) spectroscopy is used to investigate the cross-linking process. For that purpose, in-situ experiments with porcine corneas are carried out using attenuated total reﬂection (ATR) spectroscopy. Furthermore, IR microspectroscopic imaging
in transmission mode is used to investigate thin tissue sections of the cornea and initial approaches for the distinction of
cross-linked and untreated tissue by IR microspectroscopic imaging were performed. Multivariate methods are applied
to access changes that occur as a result of CXL. It is shown that spectral changes after cross-linking are caused predominantly by an increase of methyl- and methylene groups as well as primary and secondary amines. In addition, a decrease of carbonyl groups could be observed.
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Advanced characterization of particles and cells in a laser flow cytometer by
angular-resolved light scattering
Martin Hussels, Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, martin.hussels@ptb.de
Dirk Grosenick, Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, dirk.grosenick@ptb.de
Jörg Neukammer, Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, joerg.neukammer@ptb.de
Jonas Gienger, Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, jonas.gienger@ptb.de
Hermann Groß, Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, hermann.gross@ptb.de
The differentiation of cell populations in conventional laser flow cytometry is hampered by different orientations of the
cells, by the occurrence of cell agglomerates and by dynamic changes of the cell shape due to hydrodynamic focusing.
The extension of standard forward and sideward light scattering detection by angular-resolved measurements of the
scattered light offers a way to gain additional information on the shape of the scattering particles, on their internal
structures, and on their indices of refraction. We equipped a home-made laser flow cytometer with an intensified CCD
camera to record the light scattered by single particles in forward or sideward direction as a function of the scattering
angle. Two laser beams were installed such that the particles passed them sequentially. The first beam (wavelength 488
nm) served to measure the spatially-integrated scattered light in forward and 90° sideward direction by photomultipliers.
When a particle moved through this beam, a trigger pulse was generated and delayed such that the gate of the intensified
camera was open during passage of the particle through the second beam (wavelength 413 nm). The scattered light at 413
nm collected within the numerical aperture of the microscope objective in forward or sideward direction was guided as a
parallel beam directly to the CCD sensor chip. The microchannel plate intensifier of the camera was switched on for about
100 ns to avoid blurring of the diffraction pattern due to the movement of the particle. Angular-resolved scatter patterns
were recorded for spherical particles of different size as well as for red blood cell suspensions. The measured angular
distributions were compared with simulations based on Mie theory (spherical particles) and on the discrete dipole
approximation (non-spherical particles). The influence of the model input parameters on the interpretation of the observed
diffraction patterns is discussed.
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3D reconstruction of thyroid ultrasound images segmented using k-means clustering
Prabal Poudel, Otto-von-Guericke-Universität, Department of Medical Engineering, Magdeburg, Germany, prabal.poudel@ovgu.de
Alfredo Illanes, Otto-von-Guericke-Universität. Department of Medical Engineering, Magdeburg, Germany, alfredo.illanes@ovgu.de
Michael Friebe, Otto-von-Guericke-Universität. Department of Medical Engineering, Magdeburg, Germany, michael.friebe@ovgu.de
Segmentation and volume reconstruction are important image analysis tools for monitoring anatomical structures in the
human body. In this work, a novel approach for segmentation of thyroid ultrasound (US) images by extracting features
using autoregressive (AR) modelling and then classifying them using k-means classifier is presented. The segmented
results are then 3D reconstructed to form a fully segmented thyroid volume. Thyroid diseases like Grave’s, subacute
thyroiditis, thyroid cancer and goitre involve changes in shape and size of the thyroid over time. Monitoring the size of
the thyroid volume therefore has a high clinical relevance. Several approaches such as edge detection, thresholding, active contours, support vector machines and neural networks approaches have been proposed to correctly segment the
thyroid in US images. However, most of these approaches are not automatic, require long time to correctly segment the
thyroid region as well as perform very poorly in the presence of speckle noise. The features extracted using AR modelling in this work are very robust as the features are computed from a parametrized model of a signal version of the thyroid US images and they perform sufficiently well even in the presence of speckle noise and low contrast, thus serving
as a novel approach. A total of 30 different features were obtained by computing the frequency and energy ratios between the different modelled frequency bands. These features were then classified using k-means classifier to distinguish and subsequently segment the thyroid region from non-thyroid region. This was done in a stack of 2D freehand
US images. The segmented thyroid images were then 3D reconstructed using volume. The obtained results showed that
the accuracy of the segmentation is 89.7% and that the 3D reconstructed volume shows a very close correlation to the
ground truth results obtained from physician input.
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Determination of tissue optical properties from spatially resolved diffuse
reflectance
Dirk Grosenick, Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, dirk.grosenick@ptb.de
Thomas Gladytz, Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, thomas.gladytz@ptb.de
Andreas Pohlmann, Max Delbrueck Center for Molecular Medicine, Berlin, Germany, andreas.pohlmann@mdcberlin.de
Thoralf Niendorf, Max Delbrueck Center for Molecular Medicine, Berlin, Germany, thoralf.niendorf@mdc-berlin.de
Kathleen Cantow, Institut für Vegetative Physiologie, Charité Universitätsmedizin, Berlin, Germany,
kathleen.cantow@charite.de
Sarah Brix, Institut für Vegetative Physiologie, Charité Universitätsmedizin, Berlin, Germany, sarah.brix@charite.de
Bert Flemming, Institut für Vegetative Physiologie, Charité Universitätsmedizin, Berlin, Germany,
bert.flemming@charite.de
Erdmann Seeliger, Institut für Vegetative Physiologie, Charité Universitätsmedizin, Berlin, Germany,
erdmann.seeliger@charite.de
We develop methods to monitor and to quantify physiological parameters in the kidney of rats in vivo by near-infrared
spectroscopy. To this end, we characterized the potential and limitations of the spatially resolved diffuse reflectance
technique, which seems to be well suited for measurements on small tissue volumes. We evaluated the accuracy of this
method for source-detector distances adapted to the size of the rat kidney and compared the results to those obtained for
a larger range of distances. Basic investigations were done with both a free-space light detection setup and a linear fiber
probe. Measurements were carried out on various tissue-mimicking phantoms with optical properties known from
independently performed measurements employing a time-resolved technique as gold standard. Spatially resolved
diffuse reflectance was analyzed by a Monte Carlo model of light propagation. To evaluate the accuracy of the optical
properties retrieved by curve fitting, we investigated the dependency of the chi square minimization function on the
optical properties. Without any calibration of the reflectance data the minimum of the fit was flat which resulted in a
poor estimation of the true optical properties, and very large error bars were obtained. The separation of scattering and
absorption coefficients was strongly improved when the measured reflectance data had been calibrated. We applied our
methods to in vivo investigations on renal tissue in wistar rats. Based on the optical properties estimated at several nearinfrared wavelengths, hemoglobin concentration and oxygen saturation of hemoglobin were quantified using the
calibrated approach, and uncertainties of the results were estimated. Monte Carlo simulations on the depth sensitivity
have shown, that the reflectance measurements are sensitive to the renal cortex, whereas the deeper situated renal
medulla could not be sampled with a maximum fiber distance of 8 mm.
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Determination of spatiotemporal gait parameters from different sensor configurations
Bernhard Penzlin, Chair for Medical Information Technology, Helmholtz-Institute for Biomedical Engineering,
RWTH Aachen University, Germany, penzlin@hia.rwth-aachen.de
Jonas Nienhaus, Chair for Medical Information Technology, Helmholtz-Institute for Biomedical Engineering,
RWTH Aachen University, Germany, Jonas.nienhaus@ rwth-aachen.de
João P. Batista Jr., Department of Geriatric Medicine, RWTH Aachen University Hospital, Germany, Germany,
jbatista@ukaachen.de
L. Cornelius Bollheimer, Department of Geriatric Medicine, RWTH Aachen University Hospital, Germany, Germany,
cbollheimer@ukaachen.de
Steffen Leonhardt, Chair for Medical Information Technology, Helmholtz-Institute for Biomedical Engineering,
RWTH Aachen University, Germany, leonhardt@hia.rwth-aachen.de

For the assessment of human movement, physiotherapists usually observe a test person and identify malpositions or
movement characteristics according to their individual experience. This experienced-based approach is in contrast to an
exact observation of movements, where a motion laboratory with permanently installed tracking technology has to be
employed. For use in rehabilitation robotics, different gait parameters are to be measured, calculated and interpreted automatically. This monitoring is particularly important for a controlled active motion support system.
In our first experiments, the gold standard measurement modalities of a motion laboratory were used as a reference system, in this case: 3D motion analysis system, wireless sEMG system, force plates or an instrumented treadmill. Systemintegrated sensors of the support system consisted of a dual-axis (sagittal plane) acceleration sensor and four force sensors per foot. The joint angles were not determined with independent sensors, but were calculated by biomechanical
analysis software Visual 3D (C-Motion Inc., USA). These data will certainly be available via actuators and their sensors
(Hall or dedicated sensor) when active motion support is applied.
Applicable parameters are cadence, step length, cycle time, step duration, foot-related temporal course of the centre of
mass and variability of the respective parameters. As far as necessary, the gait parameters are determined independently
using the integrated measuring system and the gait laboratory.
The aim of this study is to define a minimum measurement setting for the integrated gait analysis in automated motion
rehabilitation. Finally, the sensor system will be utilized for monitoring of gait cycles in the trajectory control process.
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Influence of additives on physico-chemical properties of electrospun poly(Llactide)
Daniela Arbeiter, Institute for Biomedical Engineering, Rostock University Medical Center, Rostock, Germany,
daniela.arbeiter@uni-rostock.de
Stefanie Kohse/ Thomas Eickner/ Niels Grabow, Institute for Biomedical Engineering, Rostock University Medical
Center, Rostock, Germany, stefanie.kohse@uni-rostock.de, thomas.eickner@uni-rostock.de, niels.grabow@unirostock.de
Klaus-Peter Schmitz, Institute for ImplantTechnology and Biomaterials e.V., Rostock, Germany, Klauspeter.schmitz@uni-rostock.de

Electrospun poly(L-lactide) (PLLA) nonwoven represent potential options for biodegradable medical implants. They
can be manufactured with high reproducibility and do offer the potential for chemical modification to alter matrix properties. In our study, we investigate the mechanical, thermal and morphological properties of PLLA fiber matrices. Fibrous nonwovens were fabricated from polymer solution by the use of needle electrospinning. The polymer solutions
were loaded with Triton X-100 (TX-100), formic acid and tetraethyl ammonium chloride (TEAC) with respect to polymer weight. Morphology of the PLLA nonwoven scaffolds was examined with SEM. We performed uniaxial tensile
tests and differential scanning calorimetry (DSC). Surface morphologies of PLLA nonwoven without additives (PLLA0)
show smooth fibers with an average diameter of 850 ± 310 nm. The addition of TEAC leads to an increasing density of
the fibers and a decrease of the average diameter of 270 ± 70 nm, but 12.5 wt% of TX-100 leads to increase the density
and the fiber diameter to 1100 ± 370 nm. Different concentrations of the additives TEAC, formic acid and Triton X100 lead to strong changes regarding mechanical and thermal properties of the electrospun PLLA fiber matrices. In
comparison with mechanical properties of established biological tissue materials, the results indicate the suitability for
medical applications.
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Design and Evaluation of a Mechanism Modelling CSF Resorption for In-Vitro
Simulation
Stefan Stürmer, Chair of Medical Engineering, Hemlholtz Institute for Biomedical Engineering, RWTH Aachen University, Germany, stefan.stuermer@rwth-aachen.de
Anne Benninghaus, Chair of Medical Engineering, Hemlholtz Institute for Biomedical Engineering, RWTH Aachen
University, Germany, benninghaus@hia.rwth-aachen.de
Steffen Leonhardt, Philips Chair for Medical Information Technology, Hemlholtz Institute for Biomedical Engineering,
RWTH Aachen University, Germany, leonhardt@hia.rwth-aachen.de
Klaus Radermacher, Chair of Medical Engineering, Hemlholtz Institute for Biomedical Engineering, RWTH Aachen
University, Germany, radermacher@hia.rwth-aachen.de
While cerebrospinal fluid CSF is of major importance in the CNS, changes of its physiological fluid dynamics can lead
to numerous pathological conditions. One of these is the normal pressure hydrocephalus (NPH). It is characterized by
abnormal accumulations of CSF in the cerebral ventricles, while the mean intracranial pressure remains normal. These
accumulations come along with deformations of the brain which can cause cognitive impairment and other conditions.
To further investigate the causes of NPH, an in-vitro model of the fluid dynamics of the CNS was designed at the Chair
of Medical Engineering. For sensitivity studies on the phantom model, it has to simulate all key features of the brain’s
fluid dynamics.
The objective of this project was to design and evaluate a mechanism to model the resorption in the craniospinal system
for in-vitro simulations. There are three major characteristic properties of the resorption described in literature: The
opening pressure (pO), the resistance to outflow (ROF) and the rate of resorption. Based on a requirements analysis a
mechanism was designed which consists of a ball seat valve to realize varying opening pressures and a cannula to model a defined resistance to outflow. The evaluation of the mechanism showed, that the features can be realized with sufficient accuracies (pO = 2,3 mmHg; ROF = 3mmHg/(ml/min)) to reproduce a physiological cranial and spinal resorption.
Due to the modular setup of the mechanism it is possible to model varying pathological conditions, enabling in-vitro
sensitivity analyses regarding the onset of normal pressure hydrocephalus as a major aspect of our ongoing research.
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Increased baroreceptor sensitivity in a patient with hereditary spastic paraplegia – type SPG11: a case report
Gerald Fischer, Institute of Electrical and Biomedical Engineering, UMIT - University for Health Sciences, Medical Informatics and Technology), Hall in Tirol, Austria, gerald.fischer@umit.at
Jürgen Fortin, CN-Systems, Graz, Austria, juergen.fortin@cnsystems.at
Sara Baumgartner Sigl, Department of Pediatrics, Medical University Innsbruck, sara.baumgartner@tirol-kliniken.at
Daniel Baumgarten, Institute of Electrical and Biomedical Engineering, UMIT - University for Health Sciences, Medical Informatics and Technology), Hall in Tirol, Austria, daniel.baumgarten@umit.at

A 18 years old male patient was diagnosed with genetically confirmed hereditary spastic paraplegia of type SPG11 - a
rare disease of neurodegeneration. During normal clinical routine investigation, he presented with a moderate sinus
bradycardia. The function of the cardiovascular system was investigated by recording electrocardiogram, impedance
cardiogram and continuous blood pressure non-invasively. Cardiac function appeared normal in all modalities. However, baroreflex sensitivity was strongly increased by a factor of 2.8. Results indicate that the same overexpression of reflexes which causes spasticity has also a strong influence on the heart rhythm. Thus, we provide evidence for the impact
of a neurological disorder onto the cardiovascular system and its autonomic control.
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Non-invasive reconstruction of atrial ectopic activity using a spatio-temporal
basis of body surface potentials
Steffen Schuler1, Axel Loewe1, Olaf Dössel1
1

Karlsruhe Institute of Technology, Institute of Biomedical Engineering, Karlsruhe, Germany

Reconstructing the electrical activity of ectopic beats and localizing their origin from dense measurements of body surface
potentials (BSP) remains a challenge. Previous studies showed that performing an exhaustive search by correlating BSPs
of simulated ectopic beats often yields better localizations than applying standard inverse methods such as Tikhonov
regularization. Therefore, incorporating information about the physiological spread of electrical excitation waves seems
key to good reconstructions.
In this work, simulations of atrial ectopic beats obtained using the fast marching method were used to build a basis of
spatio-temporal activity patterns. Usually, a singular value decomposition (SVD) of source patterns, i.e. transmembrane
voltages (TMV), is performed to create basis vectors. However, basis vectors created in source space may contain
redundant information with respect to BSPs, as multiple different source patterns can lead to very similar BSPs. In order
to condense the information to what can possibly be measured on the body surface, we performed an SVD of BSP patterns
instead. Corresponding singular vectors in source space were then calculated and a least squares regression of BSPs was
computed to find the optimal basis vector weights. This approach resolves ambiguities in the mapping from BSPs to
TMVs by choosing the most likely linear combination of simulated source patterns that leads to a given BSP pattern.
We evaluated the method for different numbers of consecutive time steps included in the basis vectors, with the longest
basis comprising 68 ms. Including more time steps increased the robustness to noise, but also required a more accurate
model. Compared to Tikhonov regularization, our novel method improved the reconstruction quality in terms of TMV
correlation. Further investigation is needed to determine the influence of uncertain model assumptions such as incorrect
conduction velocities or neglecting non-conducting scar regions.

Abstracts – BMT 2018 – Aachen, September 26–28 • 10.1515/bmt-2018-6051
Biomed. Eng.-Biomed. Tech. 2018; 63(s1): S276–S401 • © by Walter de Gruyter • Berlin • Boston

S325

Heart rhythm model for the simulation of electric fields in transesophageal
atrial pacing and cardiac resynchronization therapy
Kerem Göküs, Department of Electrical Engineering and Information Technology / Medical Engineering, University of
Applied Sciences, Offenburg, Germany, kgoekues@gmail.com
Matthias Heinke, Department of Electrical Engineering and Information Technology / Medical Engineering, University
of Applied Sciences, Offenburg, Germany, matthias.heinke@hs-offenburg.de
Johannes Hörth, Department of Electrical Engineering and Information Technology / Medical Engineering, University
of Applied Sciences, Offenburg, Germany, johannes.hoerth@hs-offenburg.de

Background: Electric field of biventricular (BV) pacing, left ventricular (LV) electrode position and electrical interventricular desynchronization are important parameters for successful cardiac resynchronization therapy (CRT) in patients with heart failure, sinus rhythm and reduced LV ejection fraction. The aim of the study was to evaluate electric
pacing field of transesophageal left atrial (LA) pacing and BV pacing with 3D heart rhythm simulation.
Methods: Bipolar right atrial (RA), RV, LV electrodes and multipolar hemispherical esophageal LA electrodes were
modeled with CST (Computer Simulation Technology, Darmstadt). Electric pacing field were simulated with bipolar
RA and RV pacing with Solid S (Biotronik) electrode, bipolar LV pacing with Attain 4194 (Medtronic) electrode and
bipolar LA pacing with TO8 (Osypka) esophageal electrode.
Results: 3D heart rhythm model with esophagus allowed electric pacing field simulation of 4-chamber pacing with bipolar intracardiac RA, RV, LV pacing and bipolar transesophageal LA pacing. The pacing amplitudes were 3V RA pacing amplitude, 50V LA pacing amplitude, 1.5V RV pacing amplitude and 3V LV pacing amplitude with 0.5ms pacing
pulse duration. The atrioventricular delay between RA pacing and BV pacing was 140ms atrioventricular pacing delay
and simultaneous RV and LV pacing. Electric pacing fields were simulated during the different pacing modes AAI,
VVI, DDD and DDD0V. The intracardiac far-field pacing potentials were evaluated with intracardiac electrodes and a
distance of 1mm from the electrodes with RA electrode 1.104V, RV electrode 0.703V and LV electrode 1.32V. The
transesophageal far-field pacing potential was evaluated with transesophageal electrode and a distance of 10mm from
the elelctrode with LA electrode 6.076V.
Conclusions: Heart rhythm model simulation with esophagus allows evaluation of electric pacing fields in AAI, VVI,
DDD, DDD0V and DDD0D pacing modes. Electric pacing field of RA, RV and LV pacing in combination with LA
pacing may additional useful pacing mode in CRT non-responders.
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A Model of Cerebral Collateral Circulation for Evaluation of Blood Flow in
Case of M1-Stenosis
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In western countries, stroke is the third-leading cause of death. 80% of all strokes are ischemic and caused by a cerebral
thrombosis or an embolism. The mortality rate of ischemic strokes is about 25%, while 35–55% of affected patients
experience permanent disability. Cerebral collateral circulation affects the pathophysiology of ischemia and the clinical
outcome. In case of a failure of the principal conduits e.g. due to stenosis as in acute ischemic stroke, a network of vascular
channels, the collaterals, maintain a reduced blood flow in the penumbra. However, the extend of collateralization varies
among individuals. Computational modeling provides unique opportunities to analyze the behavior of cerebral blood flow
and the role of cerebral collateralization degree in case of an ischemic stroke in further detail. For this purpose, we have
established a hemodynamics model, including the basic formations of the anterior (ACA), middle (MCA) and posterior
(PCA) cerebral arteries using the transmission-line approach. Furthermore, seven end-to-end anastomoses (3 MCA-ACA,
3 MCA-PCA, 1 ACA-PCA) were integrated for each hemisphere. For the evaluation of the influence of collateralization
degree, the anastomoses radii were varied in a set of simulations and the arising collateral blood flow and the flow into
the model’s terminal MCA segments were analyzed. For a 95% M1-stenosis, the model predicted a significant increase
in anastomoses’ blood flow for increasing radii. The incoming flow through the collaterals led to an inverted flow in the
MCA branches and thereby to a partly preservation of the flow into the terminal segments. Compared to physiological
conditions, the flow into the terminal segments decreased respectively by 93, 75 and 52% for single, 1.5-fold and doubled
collateral radii in case of stenosis. Our results confirm the crucial role of collateralization degree in case of an ischemic
stroke due to an MCA stenosis or occlusion.

Abstracts – BMT 2018 – Aachen, September 26–28 • 10.1515/bmt-2018-6051
Biomed. Eng.-Biomed. Tech. 2018; 63(s1): S276–S401 • © by Walter de Gruyter • Berlin • Boston

S327

Concept of a multi sensor and freely configurable patient table for CT applications
Mathias Leopold, Institute for medical engineering, Otto von Guericke University Magdeburg, Magdeburg, Germany,
leopold@ovgu.de
Thomas Hoffmann, Institute for medical engineering, Otto von Guericke University Magdeburg, Magdeburg, Germany
Klemens Opfermann, Institute for medical engineering, Otto von Guericke University Magdeburg, Magdeburg, Germany
Enrico Pannicke, Institute for medical engineering, Otto von Guericke University Magdeburg, Magdeburg, Germany
Elmar Woschke, Institute for mechanical engineering, Otto von Guericke University Magdeburg, Magdeburg, Germany
Georg Rose, Institute for medical engineering, Otto von Guericke University Magdeburg, Magdeburg, Germany

Conventional computed tomography (CT) systems are encapsulated in hardware and software. Integration of further
imaging modalities and sensors which can acquire prior knowledge for dose saving image acquisition and reconstruction techniques are barely possible. Within the scope of our research project, an open interface and freely configurable
CT system is now being developed. The integration of further modalities and sensors into this system is a main target. A
subproject deals with a multi sensor patient table, which provides additional information through integrated sensors.
In particular, force sensors are installed inside the patient table to determine the patient’s mass. This value can be used
to specify the required tube voltage, so that a more precise setting can be made in comparison to today‘s clinical practice. Studys show that a more precise kVp estimation can significantly reduce patient dose. Sensors for the monitoring
of respiration and pulse are also integrated into the setup of the patient table. On the one hand, these are designed to encourage the patients to minimize disturbing movements and on the other hand to generate trigger signals for the examination.
In addition to the sensor concept of the table, a position control system for vertical and horizontal movement of the table
is integrated. The position of the table can be adjusted using different input devices so that a fast and intuitive handling
of the table movement can be achieved for standard diagnostic and CT guided interventional procedures.
The communication between all sensors, actors and the CT ist realized via the Robot Operating System (ROS) framework.
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Development of biodegradable stents for the treatment of Eustachian tube dysfunction
Kerstin Schümann, Institute for Biomedical Engineering, Rostock University Medical Center, Friedrich-BarnewitzStr. 4, 18119 Rostock, Germany, e-mail: kerstin.schuemann@uni-rostock.de
T. Wilfling, G. Paasche, R. Schuon T. Lenarz, Department of Otorhinolaryngology, Hannover Medical School, CarlNeuberg Str. 1, 30625 Hannover, Germany
W. Schmidt, N. Grabow, Institute for Biomedical Engineering, Rostock University Medical Center, FriedrichBarnewitz-Str. 4, 18119 Rostock, Germany
H. Müller, C. Momma, CORTRONIK GmbH, Friedrich-Barnewitz-Str. 4a, 18119 Rostock, Germany
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To provide an effective, safe and pathophysiological therapy for the treatment of chronic Eustachian tube dysfunction
(ETD) biodegradable stents should be developed to restore important functions, e.g. middle ear ventilation and drainage. Therefore, a transfer of cardiovascular stent technologies in the otorhinolaryngology field is performed.
After defining general requirements specifications concerning geometric dimensions and required mechanical properties
stent designs of polymeric stents were modified according to Eustachian tube application. Finite element simulations
were performed to demonstrate the crimping capacity of the developed stent design. A simplified Eustachian tube model serves as basis to examine the expansion behavior of the stent in the specific geometry of the target region. Subsequent to the fabrication of Eustachian tube stent prototypes in vitro testing of the crimping and expansion behavior was
performed.
With the tested specific crimping procedure an outer stent diameter of 1.5 mm could be achieved that will allow good
retention on the balloon catheter and passaging of application tools. The analyzed expansion behavior that showed a
maximum inner stent diameter of 3.5 mm and an elastic recoil of 7.88 % demonstrated general feasibility. Depending
on the particular tube dimension stents with a bigger target diameter or different stent lengths could be generated in further stage of development. Future ex vivo cadaver studies will allow the evaluation of stent performance in the physiological geometry of the Eustachian tube.
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Enhanced language mapping in awake brain surgery by using intraoperative
optical imaging
Martin Oelschlägel, Klinik und Poliklinik für Neurochirurgie, Universitätsklinikum Carl Gustav Carus, Dresden,
Germany, martin.oelschlaegel@tu-dresden.de
Stephan B. Sobottka, Klinik und Poliklinik für Neurochirurgie, Universitätsklinikum Carl Gustav Carus, Dresden,
Germany
Matthias Kirsch, Klinik und Poliklinik für Neurochirurgie, Universitätsklinikum Carl Gustav Carus, Dresden, Germany
Gabriele Schackert, Klinik und Poliklinik für Neurochirurgie, Universitätsklinikum Carl Gustav Carus, Dresden,
Germany
Ute Morgenstern, Institut für Biomedizinische Technik, Technische Universität Dresden, Dresden, Germany

Although modern functional imaging techniques, e. g. fMRI, made enormous technical progress in
the past decade, the application and use of those modalities in clinical routine is limited. For localization of essential cortical language areas, direct electrical stimulation (DES) of the brain surface
(single- or multisite) combined with the feedback of an awake patient is still the gold standard for
prevention of postoperative functional deficits. One drawback of this method is that the surgeon is
left without feedback about the actual size of the area that is affected by the electric field induced by
punctual stimulation. Here, we demonstrate the improvement of language mapping procedures with
Intraoperative Optical Imaging (IOI). IOI observes alterations in cortical optical properties which
are related to metabolic changes induced e. g. by electrical stimulation. Therefore, the technique is
suited to visualize the spatial extent of the region that is responding with an altered metabolism to
DES. We used the existing IOI hardware setup, already described in detail elsewhere, and performed intraoperative proof of concept measurements on one patient that underwent tumor resection
adjacent to essential language areas. DES was observed with IOI on eight different stimulation sites
and the spatial extent of the activated area (ΔR/R > 5 %) was calculated, using relative difference
imaging. The results reveal significant differences in the size of the activated area between different
stimulation sites. Although stimulation current was kept constant, altered microanatomy led to an
varied area size between 𝐴𝑚𝑖𝑛 = 74 𝑚𝑚2 and 𝐴𝑚𝑎𝑥 = 342 𝑚𝑚2 (𝐴̅ = 182 ± 84 𝑚𝑚2 ). This
supports the notion that IOI is useful in support of brain mapping procedures since it provides immediately visual feedback of the extent of the stimulation affected area. Furthermore, it reveals information about the variability of the activated area. This may improve functional outcome of the
patients.
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Impact of anatomical variations on insertion forces
- An investigation using artificial cochlear models Silke Hügl, Department of Otorhinolaryngology, Hannover Medical School, Hannover, Germany, huegl.silke@mhhannover.de
Tobias Blum, Department of Otolaryngology and Cluster of Excellence EXC 1077/1 “Hearing4all”, Hannover Medical
School, Hannover, Germany, blum.tobias@mh-hannover.de
Thomas Lenarz, Department of Otolaryngology and Cluster of Excellence EXC 1077/1 “Hearing4all”, Hannover Medical School, Hannover, Germany, lenarz.thomas@mh-hannover.de
Omid Majdani Department of Otolaryngology and Cluster of Excellence EXC 1077/1 “Hearing4all”, Hannover Medical School, Hannover, Germany, Majdani.omid@mh-hannover.de
Thomas S. Rau, Department of Otolaryngology and Cluster of Excellence EXC 1077/1 “Hearing4all”, Hannover Medical School, Hannover, Germany, rau.thomas@mh-hannover.de

The choice of a suitable cochlear implant electrode carrier for the individual patient is influenced by cochlear size and
morphology, as these parameters have an impact on the risk of scala dislocations. Artificial cochlear models are used
for insertion studies evaluating newly developed cochlear implant electrode carriers and insertion techniques, before
studies with human temporal bone samples are applied for. That places the necessity for cochlear models representing
anatomical variation and enable repeated and reproducible experiments.
Within this study custom-made electrode carrier test samples were inserted into nine artificial cochlear models of different shape. For the fabrication of the cochlear models, four human temporal bone samples have been processed using
a serial cross-sectioning technique (microgrinding); the other four samples have been scanned with micro computed tomography. The cochlea was segmented on this data using midmodiolar slice planes, rotating around the spiral axis of
the cochlea. A three-dimensional digital model was generated out of the segmented points and projected on a plane. Finally planar cochlear models were milled out of polytetrafluoroethylene (PTFE). For comparative reasons a model used
in previous studies was included in this study too. The ratio of length to width of the cochlear basal turn of our samples
were found to be within previously reported range. The maximal insertion forces per cochlear model, occurring at the
end of each insertion, followed a normal distribution. Insertion curves of 13 insertions into each cochlear model were
averaged. The insertion depth at the point of initial insertion force increase is correlated to the length of cochlear basal
turn (A-value), whereas the width of cochlear basal turn (B-value) shows a correlation to the maximal insertion force.
Using the here presented cochlear models with varying anatomical measures may help to increase the clinical relevance
of insertion studies in artificial cochlear models.
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Novel hot-wire based spirometry ensures accurate and reproducible
measurements at low flow and volume rates
P. Friedrich1, A. Perera2, R. Ledermüller2
1

Hochschule für angewandte Wissenschaften Kempten, CoKeTT Center, 87435 Kempten, DE
PARI GmbH, 82319 Starnberg, DE

2

Spirometry is the most commonly used pulmonary function test for diagnosing and monitoring a wide variety of
obstructive and restrictive disease patterns. Furthermore, spirometry has become increasingly important among
pediatricians due to the introduction of the Disease Management Program Asthma bronchiale. Consequently,
spirometers must be able to deliver reliable and reproducible results even for small respiratory flows and
volumes, which is relevant for children under 5 years and for patients with impaired lung function.
The aim of this comparative study was to evaluate four commercially available spirometers with different
measurement principles (turbine-, ultrasound-, differential pressure and hot-wire anemometer). In particular, the
measurement accuracy in breathing maneuvers with low flow and volume rates was scrutinized.
First, the devices were equipped with five naturally forced breathing profiles and immediately followed by five
dynamic respiratory profiles peaking at 10 - 800 l/min. After completion of all test series, the measurement
accuracy was determined regarding bias, frequency response and linearity.
The turbine anemometer was not designed to measure peak flows below 200 l/min and the peak flow dynamic
error was outside a medically acceptable range for the tested differential pressure- and ultrasound anemometers.
Hot-wire anemometry showed the highest measuring accuracy in breath maneuvers between 10-300 l/min with a
measurement deviation of 1% compared to the other devices.
The novel hot-wire based spirometer enables accurate measurement at low flows corresponding to children
below 5 years and fully complied with the ATS/ERS specifications. Hence, hot-wire based spirometry is highly
suitable for pediatric use.
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Automatic identification for medical instruments – development and proof of
concept of a memory chip based solution
Friederike Redemann, Hochschule Mannheim, Mannheim, Germany, 1720409@stud.hs-mannheim.de
Jürgen Wangler, Thilo Krüger, Oliver Weihberger, inomed Medizintechnik GmbH, Emmendingen, Germany.
Plug-in connections are broadly used in a large variety of models from different medical device manufacturers and
include a wide range of application-specific variations. This work focuses on the development and the verification
of an automatic identification mechanism not only for reusable medical electrodes through the integration of a
memory chip. The requirement of re-sterilisation needed to be taken into account and was thoroughly tested.
Additionally, the possibility of making instrument-specific settings at the connected device for an optimal
application process needed to be considered.
By means of an analysis of the technical drawings of the electrodes, an overview was obtained to identify how the
instruments differ from each other. The mechanical integration was approached by the creation of a 3D-CAD-modell
and practically implemented by the construction of prototypes. The electrical solution for data transmission to the
device was realized by programming the memory chip with two different programming modules. The functional
modell was cleaned and sterilised in a validated process in cooperation with a clinic in order to proof compatibility
and robustness with current reprocessing standards.
For the electrical solution, the most important identification parameters were defined and the most suitable memory
chip was selected. With this chip, it was possible to place it in the existing connector of the electrode. Prototypes
were built and programmed successfully since they retained their data more than 15 sterilisation cycles. The proofof-concept for the given identification mechanism could thus be proved. Furthermore, the analysis of taken
temperature measurements with different electrode versions provided important data for specific control parameters.
This could in the future be used to adjust and configure the connected device according to the connected instrument.
An additional benefit of our circumscribed identification mechanism is the prevention of repeated use of single-use
instruments or non-adequate accessories.
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MEMS Needle Electrode for Impedance Spectroscopy on Cell Spheroids
Stefan Hanitsch, (Fachgebiet Mikromechanische Systeme, Technische Universität Ilmenau), Ilmenau, Germany,
Stefan.hanitsch@tu-ilmenau.de
Uwe Pliquett, (Institute for Bioprocessing and Analytical Measurement Techniques (iba)), Heilbad Heiligenstadt, Germay, Uwe.Pliquett@iba-heiligenstadt.de
Martin Hoffmann, (Fachgebiet Mikromechanische Systeme, Technische Universität Ilmenau Fachgebiet Mikromechanische Systeme, Technische Universität Ilmenau and Chair of Microsystems Technology, Ruhr Universität Bochum),
Bochum, Germany, martin.hoffmann-mst@rub.de
Stefan Sinzinger, (Fachgebiet Mikromechanische Systeme, Technische Universität Ilmenau), Ilmenau, Germany,
Stefan.Sinzinger@tu-ilmenau.de

Cell cultivation in hanging-droplet-bioreactors is a high throughput method for applications such as pharmaceutical
drug screening or cytotoxicity tests. This method is based on the behaviour of adherent cells in a hanging drop of cell
culture medium: Due to the lack of suitable surfaces for the cells to attach and spread, a cell spheroid is formed as cells
grow on top of each other. Multiwell-plates holding hundreds of drops are commercially available. The spheroids
grown in this kind of bioreactors can be seen as a quasi 3D-cell culture model of eukaryotic tissue. To analyse the
drops’ content, optical methods such as laser-scanning microscopy are commonly used. These methods mostly require a
fluorescent staining of the spheroids, are time consuming, serial techniques requiring expensive equipment and highly
skilled operators. We propose electrical impedance spectroscopy to analyse cell spheroids in hanging-dropletbioreactors. Therefore, a needle electrode was fabricated to be inserted into the drop, as well as a suitable test setup. The
needle features a fully suspended channel, a pair of electrodes, the required fluid and electrical connections. During
measurement, the drop is fully sucked through the needle while all the drops’ content passes the electrodes. Fast impedance spectroscopy techniques are applied to extract cell vitality data as the spheroid passes by. After the measurement
the drop is refilled in its original position. The procedure is accomplished within seconds and the needle electrode can
move on to another drop. The manufacturing process of the silicon needle electrodes is based on microsystem (MEMS)
technology including Deep Reactive Ion Etching (DRIE) and thin film technology which allows parallel production in
larger quantities. This enables approaches to cluster needle electrodes in arrays and parallelize measurements.
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Lossless and Lossy Compression of Neural Signals with Predictor Schemes on
in-vitro and in-vivo Pre-Recorded Signals
Matteo Pagin, Institute of Microelectronics, University of Ulm, Ulm, Germany, matteo.pagin@uni-ulm.de
Florian Jetter,Natural and Medical Sciences Institute, University of Tuebingen (NMI), Reutlingen, Germany, florian.jetter@nmi.de
Günther Zeck, Natural and Medical Sciences Institute, University of Tuebingen (NMI), Reutlingen, Germany, guenther.zeck@nmi.de
Maurits Ortmanns, Institute of Microelectronics, University of Ulm, Germany, Maurits.ortmanns@uni-ulm.de

In neural recordings from high number of channels, due to bandwidth and resolution requirements huge amounts of data
are easily generated when recording neural spikes; this can make storage or transmission cumbersome hence signal
compression is highly desirable.
In this abstract two compression schemes based on predictive encoding are presented. A predictor block is used to predict the incoming signal values based on previous observations. This exploits signal redundancies and models signal
properties in order to obtain an accurate value for the next sample. After the prediction, the difference between predicted and actual value is encoded using an entropy encoder and transmitted or stored. When the predictor can model accurately the signal, the error will have a smaller dynamic range than the original signal and additionally a skewed distribution. This allows the entropy encoder to effectively reduce its data rate.
The first proposed scheme performs lossless compression, the predictor is implemented as a linear neural network
which learns a representation for the neural signal being recorded. This predictor offers data reduction from 5 up to 7
times on in-vitro recordings, using temporal or spatial information from array recordings to perform the prediction. It is
suitable for a use with in-vitro recordings using a large number of channels since its implementation might make it too
power consuming for an implantable device. The second scheme is a simpler one and uses the previous value of the signal as prediction (delta predictor), it can achieve lossy compression by thresholding the error. This easier implementation can be implemented on implantable devices. We compare it - using pre-recorded data and spike sorting programs to a state of the art compressed sensing based method and show that it can achieve better compression rates when no
prior knowledge about the spikes is provided.
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Chip-based sensing of glycosylphosphatidylinositol-anchored proteins in
complex with phospholipids and correlation to metabolic states
Günter A. Müller (Institute for Diabetes and Obesity, Helmholtz Center Munich), Garching, Germany,
guenter.mueller@helmholtz-muenchen.de
Andreas W. Herling (Diabetes Research Division, Sanofi Pharma GmbH), Frankfurt am Main, Germany
Kerstin Stemmer (Institute for Diabetes and Obesity, Helmholtz Center Munich), Garching, Germany
Matthias H. Tschöp (Institute for Diabetes and Obesity, Helmholtz Center Munich), Garching, Germany
Glycosylphosphatidylinositol-anchored proteins (GPI-AP), which represent about 1% of all proteins in eukaryotes, are constituted by a highly conserved hydrophobic glycolipidic membrane anchor (GPI) and variable
hydrophilic protein moieties. Their amphiphilic nature makes them putative candidates for the spontaneous
or controlled release from the extracellular face of plasma membranes upon exposure towards mechanical
forces or "membrane-active" extrinsic factors. The possibility of the release of GPI-AP equipped with the
complete GPI anchor together with lipids (phospholipids and cholesterol), presumably required to shield the
fatty acid moieties of the GPI-AP from the aqueous environment, into extracellular complexes (GLEC) was
first studied with adipocytes since their plasma membranes undergo severe remodeling upon filling up with
endogenous lipids and are in intimate contact with serum albumin and fatty acids.
To avoid isolation of the presumably labile GLEC, a chip-based sensor was developed. It relies on specific
capturing of the GLEC streaming through the microfluidic channels of the chip by their gold surface coated
with α-toxin. Coating with α-toxin, which binds to the glycan core of the GPI anchor, was performed with conventional coupling chemistry. Any (covalent or secondary) interaction of molecules or complexes with the
chip surface will lead to right-ward shifts in phase and/or reductions in amplitude of the horizontal surface
acoustic waves (SAW) propagating along the chip surface. This reflects changes in mass loading and/or viscoelasticity, respectively, exerted by the interacting materials. Consequently, the coating with α-toxin per se
and the capturing of complete GPI-AP and GLEC can be monitored by chip-based sensing.
GLEC were found to be released from isolated rat adipocyte plasma membranes immobilized on the chip,
dependent on the flow rate and composition of the buffer streaming through. GLEC were also detected in the
incubation medium of isolated adipocytes and in serum of rats, enabling the differentiation according to cell
size and genotype or body weight, respectively.
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Testing of dynamic wrist joint external fixator mobility and reaction moment
Heiner Martin, University medical centre, Institute for Biomedical Engineering, Rostock, Germany, heiner.martin@unirostock.de
Michael Stiehm, Institute for Implant Technology and Biomaterials Rostock-Warnemünde, Germany
Ingmar Rinas, University medical centre, Surgical clinic, Traumatology department, Rostock, Germany
Niels Grabow, University medical centre, Institute for Biomedical Engineering, Rostock, Germany
Thomas Mittlmeier, University medical centre, Surgical clinic, Traumatology department, Rostock, Germany
For the investigation of reaction moments of the wrist joint with a dynamic external fixator, a test device was developed
that allows a well-defined investigation of the joint loads during hand flexion movements. The reaction moments are
considered as a measure for the joint loads due to the constraint forces, which occur with differences of the rotation axis
of the fixateur device from the physiological rotation axis of the wrist joint.
The developed test device allows a dynamic momentum load application into the wrist by a servohydraulic testing machine. This testing device converts the force to a moment by a constant lever arm and allows thereby the measurement
of the reaction moments by the force load cell of the testing machine. Measurements on cadaveric wrist joints with external fixator can be thereby performed under reproducible conditions.
The cadaveric wrist joints can be integrally casted into bone cement and thereby clamped to the testing device. Preliminary experiments with artificial bones showed that forces within the measuring range of the load cell of the testing machine can be measured. The design of the test device is presented. Hence, the requirements for measurements of the reaction moments with wrists with external fixator for distal radius fractures under dynamic loads are created.
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MATLAB Simulation Environment for Estimating the Minimal Number and
Positions of Cameras for 3D Surface Reconstruction in a Fully-Digital Surgical
Microscope
Andreas Wachter, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany, Andreas.Wachter@kit.edu
Jan Kost, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany, publications@ibt.kit.edu
Werner Nahm, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany, Werner.Nahm@kit.edu
Contemporary surgical microscope systems have excellent optical properties but some desirable features remain unavailable. The number of co-observers is currently restricted, by spatial and optical limitations, to only two. Moreover,
ergonomics poses are a problem: Current microscope systems impede free movement and sometimes demand that surgeons take uncomfortable postures over long periods of time. To rectify these issues, some companies developed surgical microscope systems based on a streaming approach. These systems remove some of the limitations. Multi-observer
positions, for example, are not independent from each other, for example.
In order to overcome the aforementioned limitations, we are currently developing an approach for the next generation of
surgical microscope: Namely the fully digital surgical microscope, where the current observation system is replaced
with a camera array, allowing real-time 3D reconstruction of surgical scenes and, consequently, the rendering of almost
unlimited views for multiple observers. These digital microscopes could make the perspective through the microscope
unnecessary allowing the surgeon to move freely and work in more comfortable postures. The requirements on the
camera array in such a system have to be determined. For this purpose, we propose of estimation the minimal number of
cameras and their positions needed for the 3D reconstruction of microsurgical scenes. The method of estimation is
based on the requirements for the 3D reconstruction. Within the MATLAB simulation environment, we have developed
a 3D model of a microsurgical scene, used for the determination of the number of required cameras. In a next step a
small, compact and cost-efficient system with few opto-mechanical components could be manufactured.
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Electrophoretic deposition of dielectric film on stimulation electrodes for the use
in intraoperative neuromonitoring
Karin J. Chen, Medizintechnik, Universität Stuttgart, Stuttgart, Germany, karin.chen@live.de
Johanna Oswald, inomed Medizintechnik GmbH, Emmendingen, Germany, j.oswald@inomed.com
Thilo Krüger, inomed Medizintechnik GmbH, Emmendingen, Germany, t.krueger@inomed.com
Electrophoretic deposition (EPD) is a material processing technology which uses direct current (DC) voltage to deposit thin
layers on a metallic substrate. EPD is a promising coating technology for medical devices due to its advantages such as thin
homogenous layers and a broad range of usable substrates. The objective of this paper is to demonstrate how EPD can be deployed successfully to apply an insulation layer on a stimulation electrode. The Mapping suction probe by inomed Medizintechnik GmbH, Germany, was coated in this investigation. The unique feature of this product is that it combines both a surgical vacuum and a stimulation probe and is used for brain tumour resection. As for the insulation layer, ethylene chlorotrifluoroethylene (ECTFE) was chosen because of its good dielectric and biocompatible properties. ECTFE particles (Halar®6514,
Solvay Specialty Polymer, Italy) were mixed with a solvent (Novec™ 7100DL Engineered Fluid, 3M™) to form a suspension. The coating process was partly automatized to ensure good repeatability and reproducibility. For coating, the stimulation
probe was immersed in the suspension so that the counter electrode, a stainless-steel net, surrounded it equidistantly. A heat
treatment of the coated device in an oven (FED56, Binder, Germany) was required afterwards to melt the deposited polymer
particles. After the heat treatment, a glossy black layer (layer thickness 42 m) was observed on the substrate. A smooth and
homogenous surface confirmed that the coating is suitable for surgical application. However, due to a high evaporation rate of
the solvent, the ratio of particles and solvent changes and the coating process will have to be controlled in the future to
achieve a stable process. Further advantages of EPD such as short processing time, straightforward process flow and scalability enables high production quantities which is attractive for industrial application. EPD might be a promising coating technology for medical devices in the future.
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Interface Adhesion in Flexible Micromedical Devices
Helen Steins, NMI Natural and Medical Sciences Institute at the University of Tübingen (Micromedical and surface
engineering), Reutlingen, Germany, helen.steins@nmi.de
Lena Bleck, NMI Natural and Medical Sciences Institute at the University of Tübingen (Micromedical and surface engineering), Reutlingen, Germany, lena.bleck@nmi.de
Rene von Metzen, NMI Natural and Medical Sciences Institute at the University of Tübingen (Micromedical and surface
engineering), Reutlingen, Germany, rene.vonmetzen@nmi.de
In the past few years, the idea of replacing conventional drug therapies by neurostimulation has attracted increasing attention with the goal of improving the treatment approaches of various disorders ranging from epilepsy to Parkinson’s
disease. To selectively address delicate target structures, such as nerve fibers, the development of very small and flexible
implants is necessary. In many respects, such chip-in-foil systems seem to surpass hermetic implants. However, to ensure
a long life-time in the body, the polymeric encapsulation in particular needs to adhere firmly to the implant components.
Many polymers used in medical applications are highly inert, which significantly impedes their adhesion properties. In
this study several approaches to systematically increase the interface adhesion of silicone rubber and Parylene C to polyimide are developed, including plasma activation, the use of coupling agents, the deposition of a reactive coating or
surface etching techniques. To estimate and compare the interface stability of the different approaches, polymer samples
are measured in 90° peel tests, either directly or after storage in saline solution at 37 °C. For this purpose, a specially
designed sample mounting has been developed which enables the peeling under wet conditions. If no pretreatment has
been applied, both fabricated polymer systems show complete delamination after 1 day of soaking. In contrast, the application of several adhesion promoting techniques results in a significantly improved interface adhesion. By combining a
10 nm titanium oxide coating with the adhesion promoter Dow Corning 1200 OS, the interface stability of silicone rubber
to polyimide could be remarkably improved, resulting in a peel force of 720 mN/cm after 14 days of soaking. Atomic
force microscope measurements revealed an increase in surface roughness of about 100 times for polyimide substrates
treated by this approach, leading to a mechanical interlocking of the two polymers.
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Comparing distance measures on assessed medical device incident data using
Average Silhouette Width
Christian Bayer, Federal Institute for Drugs and Medical Devices, Bonn, Germany, christian.bayer@bfarm.de
Robin Seidel, Federal Institute for Drugs and Medical Devices, Bonn, Germany, robin.seidel@bfarm.de
Many machine learning algorithms depend on the choice of an appropriate similarity or distance measure. Comparing
such measures in different domains and on diversely structured data is common, but often performed in regards of an
algorithm to cluster or classify the data. In this study, data assessed by experts is analyzed instead. The data is taken
from the database of the Federal Institute for Drugs and Medical Devices (BfArM) and represents free text incident reports. The Average Silhouette Width, a cluster density measure, is used to compare the distance measures' ability to discriminate the data according to the experts' assessments. The Euclidean distance and four distance measures derived
from the Jaccard similarity, the Simple Matching similarity, the Cosine similarity and the Yule similarity are compared
on four subsets of this database. The results show, that a better data preprocessing is necessary, possibly due to boilerplate texts being used to write incident reports. These results will also provide the basis to compare improvements by
different methods of data preprocessing in the future.
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Investigation of balloon dilation devices for treatment of Eustachian tube dysfunction
Julia Schubert, Institute for Biomedical Engineering, Rostock University Medical Center, Friedrich-Barnewitz-Str. 4,
18119 Rostock-Warnemünde, Germany, E-Mail: julia.schubert@uni-rostock.de
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Carl-Neuberg-Str. 1, 30625 Hannover, Germany
Kerstin Schümann, Niels Grabow, Wolfram Schmidt, Institute for Biomedical Engineering, Rostock University
Medical Center, Friedrich-Barnewitz-Str. 4, 18119 Rostock-Warnemünde, Germany
Klaus-Peter Schmitz, Institute for Implanttechnology and Biomaterials – IIB e.V., Friedrich-Barnewitz-Str. 4, 18119
Rostock-Warnemünde, Germany
An impaired function of the Eustachian tube (ET) is the main underlying pathophysiology of chronic otitis media.
Amongst current treatment options for chronic otitis media, the balloon dilation Eustachian tuboplasty (BET) is a more
recent treatment concept. The idea is to dilate the cartilaginous part to loosen existing obstructions. There is no systematic overview on BET systems. This study focuses on the different device parameters of three commercially available
BET systems.
The presented systems (Johnson & Johnson Acclarent Aera Eustachian Tube Balloon Dilation System, Entellus Medical
XprESS LoProfile, Spiggle & Theis TubaInsert & TubaVent short) were compared regarding their geometries and designs. The balloon dilation behaviour was investigated by an in vitro test setup consisting of a test chamber with 37 °C
water, a 2-axis laser scanner and a pressure controller. The dilation was conducted in several pressure steps up to nominal pressure (NP) and rated burst pressure (RBP) as specified by the manufacturers. The comparison and characterization of the balloons was based on the measured outer balloon diameter and balloon compliance.
All balloons could be properly dilated up to the given NP or RBP. The balloons reached their expected balloon diameters (D) and lengths (L) (Acclarent Aera Eustachian Tube Balloon Dilation System: L=16 mm, D=6 mm, XprESS LoProfile: L=18 mm, D=6 mm, TubaVent short: L=20 mm, D=3 mm). The compliance for TubaVent short was
1.07 %/atm. As there were no further data about RBP of the other balloon dilation systems the following calculated
compliance was based on the 2 atm pressure step and NP. Therefore the compliance of Acclarent Aera and XprESS LoProfile was about 1.16 %/atm and 1.28 %/atm.
Considering the applied methods, the balloon compliance is comparable for all dilation devices and would be classified
as semi-compliant compared to coronary balloon systems. The measured profile and compliance data and the shown tip
designs can be used for development of new devices for balloon dilation Eustachian tuboplasty. These should allow for
some adjustments regarding the balloon diameter and the guiding catheter angle to match different anatomical variations within the ET.
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Design Evaluation of Bipolar Electrodes for Promontory Stimulation
Jennifer Biendara, Medizintechnik, Hochschule Offenburg, Offenburg, Germany, Jennifer.Biendara@gmx.de
Celine Wegner, inomed Medizintechnik GmbH, Emmendingen, Germany, C.Wegner@inomed.com
Thilo Krüger, inomed Medizintechnik GmbH, Emmendingen, Germany, T.Krueger@inomed.com
Intraoperative neuromonitoring (IONM) is an essential procedure to identify nerves and to confirm their function
during surgical interventions. Nowadays neuromonitoring methods can also be used for preoperative diagnostic
procedures such as promontory stimulation testing (PST). The aim of this report is to review new designs of
bipolar electrodes for PST. As it is used to evaluate the excitability of the auditory path of the nervus vestibulocochlearis in patients with profound sensorineural hearing loss and deafness. For this purpose an electrode is
inserted through the tympanic membrane and placed on the promontory. With current between 0.01 and 250 mA
the promontory field and hence the acoustic nerve is stimulated. Formerly the patient gave subjective feedback to
the stimulation, nowadays, the auditory brainstem responses (ABR) is derived simultaneously. According to the
current state of the art the PST is typically performed with a monopolar electrode resulting in undesired
stimulation artifacts due to the proximity of stimulation and recording sites. The artifact superimposes the ABR,
which makes the interpretation of the signal complicated or sometimes impossible. One method of significantly
reducing stimulation artifacts is the use of bipolar electrodes. In this study different bipolar electrodes for
promontory stimulation were designed and verified regarding the aspects of design, effectiveness and reliability.
Additional measuring tests were performed to evaluate the bipolar electrodes. Finally, further possible
applications were examined and discussed with clinical experts. The designed functional bipolar electrodes
showed good mechanical properties and offer a great potential for diagnostics in the audiology. The bipolar
electrode is a convenient tool for PST with reduced stimulation artifacts than using a monopolar electrode and
can support the determination of eligibility of cochlear implant candidates.
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Distribution of the Electromechanical Delay in the Heart Muscle: a Study on a
Simple Geometry
Ekaterina Kovacheva1, Lukas Baron1, Olaf Dössel1, Axel Loewe1
1
Institute of Biomedical Engineering, Karlsruhe Institute of Technology (KIT), Kaiserstr. 12, 76131, Karlsruhe, Germany;
publications@ibt.kit.edu

The deformation of the heart is the complex result of different processes involving electrical activation, calcium release,
interaction with surrounding tissue and interplay between passive material properties and active force generation.
Computer simulations can foster our understanding of these relations. It is known that electrical activation is delayed
between cells and can be reproduced by solving the bidomain equation with detailed electrophysiological cell models,
which provide the course of the depolarization in each cell. Here, we study the electromechanical delay (EMD), defined
as the offset between the time of electrical and mechanical activation. The latter was defined as the time of maximal force
development in each myocyte, which is related to the pre-stretch of the contractile element as described by the Starling
effect. In this study, we computed the EMD in a beam resembling an apico-basal section of the left ventricle with a
unidirectional fiber orientation along the main axis. The beam was fixed on the apical end. The early electrically activated
regions caused an increase of the sarcomere length in the neighboring regions, thus increasing pre-stretch in those regions.
Due to this stretch the later electrically activated cells developed the maximal force twice faster compared to the early
activated ones. In particular EMD was about 0.1 s for the pre-stretched regions, while it was slightly over 0.2 s for the
early activated ones. Furthermore, the maximal force in the later electrically activated cells reached more than double the
value of the maximal force of the early activated cells. In conclusion, an inhomogeneous distribution of the EMD was
observed. Future studies will examine if and how this contributes to a more efficient pumping of the heart muscle and
cardiac output in healthy and diseased conditions.
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Real-Time Streaming of 3D Ultrasound Data  
Felix von Haxthausen, Institute for Robotics and Cognitive Systems, University of Lübeck, Lübeck, Germany,
vonhaxthausen@rob.uni-luebeck.de
Floris Ernst, Institute for Robotics and Cognitive Systems, University of Lübeck, Lübeck, Germany
Ralf Bruder, Institute for Robotics and Cognitive Systems, Lübeck, Germany
Verónica García-Vázquez, Institute for Robotics and Cognitive Systems, Lübeck, Germany
Ultrasound (US) imaging is a common method for interventional tasks as well as for diagnostic purposes. Currently, the
physician’s gaze is focused on the US workstation as generated images are displayed on-screen. Thus, the physician
does not have visual information regarding the position of the US probe relative to the patient. Furthermore, the quality
of 3D rendering is limited. HoloLens (Microsoft, USA) as an optical see-through head-mounted display can solve this
problem by rendering 3D objects that can be displayed next to the US probe or following the gaze of the physician. We
present an approach that allows real-time streaming of US volumes to the HoloLens.
A 3D US station (Vivid7, GE Healthcare) with an in-house modification, which enables access to the raw volume data,
was used for US volume acquisition. Lossless data encoding was performed to reduce the bandwidth required and the
resulting data was streamed to HoloLens using Google’s open-source gRPC framework. The application for HoloLens
was developed using Unity and C#. It includes the gRPC receiving module, the decoding module and the volume
rendering to display 3D US data. This approach was evaluated sending US volumes (size 67 x 92 x 120 voxels) from a
computer to a router via Ethernet and then to the HoloLens via Wi-Fi with a frequency of 9.2 Hz (108.7 ms).
After encoding, the data size was decreased by 63 %. Consecutive volumes were displayed with a time difference of 108.8
± 42.3 ms (mean ± standard deviation) and a latency of 118.4 ± 27.9 ms. The results show that the proposed method is
capable of real-time streaming of US volumes to HoloLens. This will offer benefits for the physician during examination
such as a more intuitive view on anatomical 3D data and direct feedback of the position of the probe related to the patient
as the rendered US volume is displayed in the physician’s visual field.
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In vitro bio-stability screening of novel implantable polyurethane elastomers.
Morphological design and mechanical aspects
Larysa Kutuzova, University of Reutlingen, School of Applied Chemistry, Reutlingen,
larysa.kutuzova@reutlingen-university.de,
Kiriaki Athanasopulu, University of Reutlingen, School of Applied Chemistry, Reutlingen, Germany;
Markus Schneider, University of Reutlingen, School of Applied Chemistry, Reutlingen, Germany;
Andreas Kandelbauer, University of Reutlingen, School of Applied Chemistry, Reutlingen, Germany;
Günter Lorenz, University of Reutlingen, School of Applied Chemistry, Reutlingen, Germany;
Ralf Kemkemer, Max-Planck-Institute for Intelligent Systems, Stuttgart, Germany

Germany,

A series of novel biomedical TPCUs with different percentages of hard segment and a silicone component in the soft
segment were synthesized in a multi-stage one-pot method. The kinetic profiles of the urethane formation in TPCUbased copolymer systems were monitored by rheo-logical, in line FTIR spectroscopic (React IR) and real-time
calorimetric (RC1) methods. This process-analytically monitored multi step synthesis was successfully used to optimize
the production of medical-grade TPCU elastomers on preparative scale (in lots of several kg) with controlled molecular
structure and mechanical properties. Various surface and bulk analytical methods as well as systematic studies of the
mechanic response of the elastomer end-products towards compression and tensile loading were used to estimate the
bio-stability of the prepared TPCUs in vitro after 3 months. The tests suggested that high bio-stability of all
polyurethane formulations using accelerating in vitro test can be attributed to the synthetic design as well as to the
specific techniques used for specimen preparation, namely: (i) the annealing for reducing residual polymer surface
stress and preventing IES, (ii) stabilization of the morphology by long-time storage of the specimens after processing
bevor being immersed in the test liquids, (iii) purification by extraction to remove the shot chain oligomers which are
the most susceptible to degradation. All mechanical tests were performed on cylindrical and circular disc specimens for
modelling the thickness of the meniscus implants under application-relevant stress conditions.
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Frankfurt/Main, Germany, ahegner@stud.fra-uas.de
Andreas Wittek, Personalized Biomedical Engineering Laboratoy, Frankfurt University of Applied Sciences,
Frank-furt/Main, Germany, wittek@fb2.fra-uas.de
Stefan Dominico, Computer Science and Engineering, Frankfurt University of Applied Sciences,
Frankfurt/Main, Germany, dominico@fb2.fra-uas.de
Christopher Blase, Personalized Biomedical Engineering Laboratoy, Frankfurt University of Applied Sciences,
Frankfurt/Main, Germany, cblase@ fb2.fra-uas.de
Cardiovascular diseases are one of the leading causes of death. Among these, abdominal aortic aneurysms
(AAA) stand out with a high mortality rate up to 95% in case of a rupture. Decision making for surgical
treatment is based on a diameter rate criterion and does not necessarily increase the survival rate, which results in
the desire for more meaningful patient specific factors. To determine these factors, among other concepts, finite
elements simulations are used to examine wall stresses in patient specific AAA geometries. These simulations
need appropriate anisotropic and nonlinear material mod-els which depend on a reliable parameterization. Often
it is a problem to gather sufficient experimental data. In particular, in a clinical setting only uniaxial test data are
available, often.
Therefore an optimization routine was developed in order to parameterize the orthotropic and nonlinear
Holzapfel-Gasser-Ogden (HGO) material model uniquely and reproducible based on uniaxial tensile tests on
axial and circumferential strips of human aortic and aneurysmal tissue. Mechanical testing was performed in
tempered circulating saline. In doing so, deterministic Newton-Raphson, meta-heuristic particleswarm and
derivative free heuristic Nelder-Mead Simplex algorithms were compared. To ensure reproducibility also
stochastic approaches were embedded to the algorithms and a Monte-Carlo algorithm was used for creation of
initial parameter sets. Via verification experiments it could be shown that only the combined deterministicstochastic Nelder-Mead Simplex approach was capable of solving this problem uniquely. To assur the validity of
the established routine nine sets of uniaxial test data in axial and circumferential direction with known
parametrization were taken from literature. Using the established optimization routine, these parameters could be
identified in narrow limits. Additionaly, inflation extension tests and two uniaxial tensile tests were performed
on the same porcine aorta. Resulting parameterization of the HGO model based on both experimental setups is
compared. The established routine was used to identify all five parameters of the HGO material model for 26
specimen of AAA wall tissue extracted during surgery. The results for the identified parameters are
[Median( )]     [MPa],       [MPa],  

 ,     and  
     .
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Quantification of environmental influences and interferences affecting an active
lens implant
Liane Koker, Institute for Automation and Applied Informatics (IAI), Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany, liane.koker@kit.edu
Matthias Stoll, Fa. Bertrandt Ehningen, former student at Institute for Automation and Applied Informatics (IAI), Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany, Matthias.Stoll@outlook.com
Ulrich Gengenbach, Institute for Automation and Applied Informatics (IAI), Karlsruhe Institute of Technology (KIT),
Karlsruhe, Germany, ulrich.gengenbach@kit.edu
Georg Bretthauer, Institute for Automation and Applied Informatics (IAI), Karlsruhe Institute of Technology (KIT),
Karlsruhe, Germany, georg.bretthauer@kit.edu
The Artificial Accommodation System is an active lens implant that shall restore the accommodation ability of human
eyes. The objective of the present research is to identify and quantify the environmental influences and interferences
that might affect the implant and its internal components during operation.
First, within a risk analysis, the internal subsystems are analyzed regarding their sensitivity to external influences. The
polymer lens system might be affected by intruding radiation. Its fixation and the actuation system used to position the
lenses are sensitive to high accelerations. The mechanical fixation of electronic components on the circuit carrier can
also be affected by high accelerations. Furthermore, the operation of electronic components including energy supply,
communication, control and sensor elements can be interfered with high frequency electromagnetic fields and high static magnetic fields. The sensitivity of the sensor subsystems depends on the choice of sensor principle. Magnetic sensors
are susceptible to magnetic fields and metal objects, acceleration sensors to high accelerations, photosensitive sensors to
radiation. The glass encapsulation of the implant is potentially sensitive to radiation, chemical loads caused by the
aqueous fluid and significant raise of intraocular pressure.
Afterwards, the environmental influences are categorized and quantified. Electromagnetic interferences can be caused,
e.g., by magnetic resonance tomography, static magnets, high-voltage lines, rail traction power supply and various wireless transmissions, including mobile phone networks and near field communication. Due to the dissimilar effect on the
system, electromagnetical radiation in the visible range is a separate category. This radiation is mainly generated by solariums, welding operations, furnaces and laser therapy of the eye. Potential ionizing radiation exposures reach from
natural sources, medical radiation therapy to nuclear reactor accidents. Mechanical influences are caused by punches,
crashes or objects hitting the eye. The impact of the different interferences is then classified into harmless, potential reversible implant failure and potential permanent implant failure. Based upon the present investigation, according protective measures can be taken to ensure stable long-time implant operation.
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Balloon-based measuring system for compliance investigations
Wolfram Schmidt, Institute for Biomedical Engineering, Rostock University Medical Center, Rostock, Germany,
wolfram.schmidt@uni-rostock.de
Carsten Tautorat, Kerstin Schümann, Peter Behrens, Niels Grabow, Institute for Biomedical Engineering, Rostock
University Medical Center, Rostock, Germany,
Olaf Specht, Frank Kamke, Institute for ImplantTechnology and Biomaterials e.V., Rostock, Germany,
Klaus-Peter Schmitz, Institute for ImplantTechnology and Biomaterials e.V., Rostock, Germany and
Institute for Biomedical Engineering, Rostock University Medical Center, Rostock, Germany

For the development of new cardiovascular stent designs but also for different fields of medical application, the geometric dimensions of the lumen as well as the compliance of the surrounding biological tissue have to be identified. It is
expected to obtain parameters for simulation, stent dimensioning, and to specifiy the forces acting on the stent after implantation.
The investigations are based on the commercially available Metricath system allowing measurements of cross-sectional
lumen area of arteries and in-stent diameter after stent implantation. Its working principle is based on the pressurevolume relationship using a balloon catheter inserted into the artery. The balloon is automatically inflated to a specific
pressure of about 250 mmHg and conforms to the shape and size of the lumen being measured. However, for compliance charts a larger pressure range and multiple pressure levels are needed. To overcome this limitation the Metricath
balloon catheter was combined with a self-developed inflation device. We adapted the mathematical model to our high
pressure (up to 10 bar) and volume monitoring system called pV-Monitor. The pressure range is user selectable between
2.4 or 10 bar full scale. A graphical user interface features data recording, displays pressure over time and provides the
balloon pressure-volume curve.
For the proof of principle, cross-sectional lumen area measurements in rigid tubes with known inner diameter are presented (ID 2.0 - 4.0 mm) as well as compliance investigations of elastic dip-coated tubes.
In future studies the pV-Monitor will be applied to determine the physiological compliance and dimensions of the Eustachian tube that is connecting the nasopharynx with the middle ear. These investigations will serve as a basis for the
development of an Eustachian tube stent for the treatment of Eustachian tube dysfunction.
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Visualization of biomechanical model parameters by adapting methods from
game development
Tobias Bolten, Niederrhein University of Applied Sciences, Krefeld, Germany, tobias.bolten@hs-niederrhein.de
Andre Kürten, Niederrhein University of Applied Sciences, Krefeld, Germany, andre.kuerten@hs-niederrhein.de
Andreas Kitzig, Niederrhein University of Applied Sciences, Krefeld, Germany, andreas.kitzig@hs-niederrhein.de
Edwin Naroska, Niederrhein University of Applied Sciences, Krefeld, Germany, edwin.naroska@hs-niederrhein.de
In biosignal processing, the importance of modeling and simulation to assist the development of methods, algorithms
and systems is increasing. However, models and simulation environments may also be used in the later application, e.g.
to enable physicians, therapists and nurses to provide assistance in treatment. Most of the time, however, the difficulty
is to implement and apply the rather complex model data or to evaluate the output of the model. For this purpose, the
paper presents a method that intelligibly prepares the input data of a biomechanical model for the end user using a game
development environment.
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Multi-functional Test-Setup to Characterize the Mechanical Properties of
Human Hair
Yacine Achour, Frankfurt University of Applied Sciences, Frankfurt/Main, Germany, achour@stud.fra-uas.de
Achim Hegner, Frankfurt University of Applied Sciences, Frankfurt/Main, Germany, ahegner@stud.fra-uas.de
Mounir Jebabli, Frankfurt University of Applied Sciences, Frankfurt/Main, Germany, jebabli@stud.fra-uas.de
Nahid Miah, Frankfurt University of Applied Sciences, Frankfurt/Main, Germany, nmiah@stud.fra-uas.de
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Armin Huß, Frankfurt University of Applied Sciences, Frankfurt/Main, Germany, huss@fb2.fra-uas.de
Literature shows that simulations of beard shaving processes are based on an insufficient data basis concerning
the ma-terial properties of human hair. Thus the validity of in most cases simplified simulations are questionable.
In order to obtain suitable properties to analyse cutting processes by their cutting forces the mechanical
properties of human beard hair needs to be tested in a specific testing setup. This setup has a modular structure in
order to perform various load scenarios with controlled boundary conditions. The scenarios include cutting and
bending of a beard hair and a uniaxial tensile test according to the ASTM D 3379 standard. The setup is
controlled by a NI CompactRio system.
Central Unit of the test setup is a linear guidance consists of a ball screw driven by a fine stepper motor. The nut
is at-tached to a dovetail guide slide where the force transducer (nominal load 1 N) is mounted. Path
measurements are done by a high-resolution laser triangulation sensor.
Imaging is realized by a digital microscope in order to determine the geometrical deformation of the specimen.
Tem-perature and humidity is controlled by a climate chamber in which the testing setup is placed.
The test specimen are attached to the setup by bearings allowing different media for the specimen to be
imbedded.
By conducting specific experiments, it is possible to identify elastic material properties of hairs
as well as viscoelastic once. Furthermore, simulation results can be tested and such verified by conducting
specific test scenarios according to the simulation.
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CT and IR Perfusion Measurement: Do They Match?
Igor Fischer, Department of Neurosurgery, Medical Faculty, Heinrich Heine University, Duesseldorf, Germany, Igor.Fischer@med.uni-duesseldorf.de
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Quantitative indocyanine green angiography (qICGA) is a novel imaging method for providing intra-operative feedback
on blood perfusion. We correlated it to CT perfusion (CTP) on five patients, relying on two variables: Time to maximum of the residue function (Tmax) and mean transit time (MTT). Pairs of CT and ICG measurements for the same patient, performed within 24 hours, were used. For each pair, the CT scan was used to determine the plane in which CTP
was measured. The intersection between that plane and the visually observable part of the cortex was manually determined based on landmark brain structures. CTP values along the intersection were point-wise compared to the qICGA,
for each patient and variable. Intraclass correlation for a fixed number of raters on single measurements (ICC(3,1)) was
used, with modalities corresponding to raters. The statistics were computed using R, version 3.3.0.
On the 10 pairs of curves, the ICC was in range -0.17 – 0.41 (p-values: 0.008 – 0.84), with significant (p < 0.05) matching between 4 curve pairs, and with one pair with p = 0.07. For these 5 curves the ICC was always positive, 0.27 – 0.41.
qICGA measurements generally had a larger range of values, probably due to its higher resolution.
The comparison between CTP and qICGA suffered from several limitations, beside the low number of patients: The
manual selection of the planes’ intersection is subjective and prone to investigator errors; the exposed part of the cortex
doesn’t express the same range of perfusion, as is measurable in CTP; qICGA is itself sensitive to environment interference (ambient light, vibrations etc.). While it can provide useful feedback on surface blood perfusion, we cannot currently claim that qICGA can be used to estimate perfusion deeper in gray matter. It remains to be investigated whether
this is an inherent problem of the method.
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Modern orthotic design requires state of the art modular custom measurement
techniques for evaluation
Opitz, Lucien, Biomechatronics Research Laboratory, University of Applied Sciences Münster, Steinfurt, Germany,
Lucien.opitz@fh-muenster.de
Kirillov, Maxim, Biomechatronics Research Laboratory, University of Applied Sciences Münster, Steinfurt, Germany,
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Key words: orthosis, FEM, strain gauges, calibration, , biomechanical effectiveness, biomechatronics
Orthoses are medical devices that are used by a wide variety of people having impaired gait, providing stabilization,
load relief and other biomechanical effects. The individual and patient specific support of an orthosis results in material
stress, moments in orthotic bars and joints as well as forces in belts. The knowledge of how the resulting loads depend
on patient characteristics is still missing, leading to oversized or breaking components.
There are two main reasons for implementing measurements with instrumented orthosis: Model based testing of medical devices according to VDI 5703 and for the evaluation of the biomechanical function and effectiveness of an orthosis. The biggest challenge of this procedure is a high effort in manpower and costs combined with a high risk of invalidity of the measurement data. Therefore we successfully implemented a scientific concept to manufacture calibrated
custom sensor technology that can be installed modular in orthoses to acquire valid kinetic data of individual patients.
We use methodological methods according to VDI 2221 and VDI 2206 combined with FEM to build custom sensors
with strain gauge technology. The modularity enables a widespread use of the sensor technology in off-the-shelf and
custom orthoses with the same or similar components. We implemented this method on different types of orthoticsystem-joints in AFOs and KAFOs, for a low cost belt force sensor as well as in many individual projects of our students. In contrast to other measurement techniques like standard instrumented gait analysis, the direct measurement of
orthotic loads determines the real load acceptance of the orthosis. Due to the implemented wireless communication system it is now also possible to collect data in familiar environment and under realistic conditions of the patients.
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Synchronized presentation of a language task to the electrical stimulation of cortical regions during speech mapping in an awake surgery
Laura Hansmeyer, inomed Medizintechnik GmbH, Emmendingen, Germany, laura.hansmeyer@gmail.com
Thilo B. Krueger, inomed Medizintechnik GmbH, Emmendingen, Germany, t.krueger@inomed.com

Intraoperative speech mapping is performed to preserve language function during tumour resections that involve eloquent cortical areas. For this technique the synchronization of the picture presentation to the patient with the electrical
stimulation of the cortex is of major importance. During the operative routine images are manually presented by a psychologist or neurologist to the patient and have to be coordinated with the neurosurgeon stimulating the cortex by a neurostimulator, operated by an engineer. To increase the efficiency of this procedure and to minimize the time needed to
localize functional cortical areas, images should appear automatically with electrical stimulation. To achieve this synchronization, the potential combination of an existing neurostimulator with commercially available software for image
display was studied. A trigger signal was created to induce the presentation of a series of line drawings showing different objects. The software to control the neurostimulator and the software for image displaying were installed on two different computers. A cable was developed to transfer the trigger signal from the neurostimulator to the computer used for
picture presentation. It was shown that it is possible to induce the image display via the neurostimulator using squarewave pulses of 5 V and a width of 10 ms. Thus, we present a system that enables the automated picture presentation
synchronized to the electrical stimulation of cortical regions.
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Inverse dynamics simulation to optimize ergometer cycling treatment after hip
replacements
Maike Sauerhoff, Chair of Product Development Ruhr-Universität Bochum, Bochum, Germany, sauerhoff@lpe.rub.de
Marc Neumann, Chair of Product Development Ruhr-Universität Bochum, Bochum, Germany, neumann@lpe.rub.de
The increase in total hip replacements leads to an increasing interest in post-surgical therapeutic treatment. Ergometer
cycling is a common treatment for a hip replacement to improve cardiovascular conditions and muscular coordination.
The loading conditions due to therapeutic treatment determine the stability of the hip replacement. The aim of this study
was to utilize the inverse dynamic method to optimize the ergometer treatment regarding hip replacement stability.
The inverse dynamics method is used to determine muscle and joint forces based on given external forces and movements.
These depend on individual physiological conditions, the training performance and the design of the ergometer. A musculoskeletal model of ergometer cycling was built in the AnyBody Modeling System (AMS). Furthermore, an interface
using the python programming language was developed to control the simulation. As individual physiology is a given
condition, the training performance and the design of the ergometer are parameters that can be adopted optimize ergometer
treatment. A variation of the pedal kinematic and body position in combination with the training performance was realized
in AMS by using the control interface. This variation of parameters was performed taking the resulting hip joint force and
hip angle into account. Restrictions due to the postoperative health condition were respected through maximum flexion
and adduction angel and resulting hip joint force. The range of requested optimal hip joint force is determind by a minimum and maximum force. A minimal force is needed to provoke physiological stress in the bone that lead to bone remodelling and maximum force to avoid overloading and hence to implant loosening. By using the inverse dynamics
method, the ergometer treatment is optimized to suport a bony ingrowth of replacement and does not lead to overloading.
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Pacing electrode modelling and simulation of cardiac contractility
modulation
Tom Roller, Department of Electrical Engineering and Information Technology / Medical Engineering,
University of Applied Sciences, Offenburg, Germany, troller@stud.hs-offenburg.de Matthias Heinke,
Department of Electrical Engineering and Information Technology / Medical Engineering, University of Applied
Sciences, Offenburg, Germany, matthias.heinke@hs-offenburg.de Johannes Hörth, Department of Electrical
Engineering and Information Technology / Medical Engineering, University of Applied Sciences, Offenburg,
Germany, johannes.hoerth@ hs-offenburg.de

Cardiac contractility modulation (CCM) is a device-based therapy for the treatment of systolic left ventricular
chronic heart failure. Unlike other device-based therapies for heart failure, CCM delivers non-excitatory signals
to the myocardium. This leads to an extension of the action potential and to an improved contractility of the
heart.
The modeling and simulation was done with the electromagnetic simulation software CST. Three CCM
electrodes were inserted into the Offenburg heart rhythm model and subsequently simulated the electric field
propagation in CCM therapy. In addition, simulations of CCM have been performed with electrodes from other
device-based therapies, such as cardiac resynchronization therapy (CRT) and defibrillator therapy.
At the same distance to the simulation electrode, the electric field is slightly stronger in CCM therapy than in
CCM therapy with additionally implanted CRT or ICD electrodes. In addition, there is a change in the electric
field propagation at the electrodes of the CRT and the shock electrode of the ICD.
By simulating several different therapy procedures on the heart, it is possible to check how they affect their
behavior during normal operation. CCM heart rhythm model simulation allows the evaluation the individual
electrical pacing and sensing field during CCM.

Abstracts – BMT 2018 – Aachen, September 26–28 • 10.1515/bmt-2018-6051
Biomed. Eng.-Biomed. Tech. 2018; 63(s1): S276–S401 • © by Walter de Gruyter • Berlin • Boston

S356

Efficient feature-based motion estimation in neurosurgery using non-maximum
suppression
Fang Chen, Jens Müller, Jan Müller, Ronald Tetzlaff, Institute of Circuits and Systems, Faculty of Electrical and Computer Engineering, TU Dresden, 01062 Dresden, Germany, e-Mail: fang.chen@tu-dresden.de

Motion correction in neurosurgery is necessary to enable an intraoperative mapping of normal and anomalous brain tissue
but generally, the implementation remains a challenge up to now. In our work, we apply feature-based methods, i.e.
features of images are tracked to estimate brain motion. As an intraoperative application, we expect a real-time method.
Typically, the computation time of our feature-based methods depend on the number of tracked features. Furthermore,
the number and the distribution of features vary within different images. In recent investigations, non-maximum suppression (NMS) methods are applied to improve the efficiency of feature detection. In this paper, we investigate the performance of NMS in neurosurgery comparing our motion estimation methods with and without NMS. We also evaluate
NMS methods with different sizes of locally suppression areas. Our results show that NMS can significantly improve the
efficiency and the repeatability of our motion estimation methods. However, the accuracy of motion estimation may be
reduced, if the suppression area is very large. Hence, we propose an adaptive method that calculates the size of a suppression area with a trade-off between accuracy and computation time.
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Concept of an open interface CT for hybrid imaging
Thomas Hoffmann, Institute for Medical Engineering, Otto-von-Guericke University, Magdeburg, Germany,
t.hoffmann@ovgu.de
Mathias Leopold, Institute for Medical Engineering, Otto-von-Guericke University, Magdeburg, Germany
Shiras Abdurahman, Institute for Medical Engineering, Otto-von-Guericke University, Magdeburg, Germany
Georg Rose, Institute for Medical Engineering, Otto-von-Guericke University, Magdeburg, Germany
The reduction of radiation dose during computed tomography (CT) examinations is the designated goal of every CT
manufacturer. The state of the art strategies for dose reduction are the optimization of imaging parameters like tube
voltage and current, the filtration of X-rays with filters and collimators and iterative algorithms for image
reconstruction from few and low dose projections. Information from existing image data or live data from other
imaging modalities or sensors, such as ultrasound or surface scans of the body, is rarely used in clinical routine.
Here, we present an integrated CT device for dose reduction by incorporating ultrasound and time of flight cameras.
The individual devices are integrated via Robot-Operating-System (ROS) framework. Each imaging apparatus
functions as a ROS node and is connected to a central master computer (ROS master) which also merges the data
from individual nodes. The Time of Flight cameras generates the real-time body contour of the patient, and the
volumetric ultrasound imaging system provides the tissue information. Additionally, the patient table is equipped
with weight and pressure sensors. For effective dose reduction, all the prior knowledge is utilized for the
determination and modulation of optimal imaging parameters and the reconstruction of CT volume.
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Detecting Lamellipodia in Epitheleal Cell Clusters Using a Fully Convolutional
Neural Network
Simon Grützmacher, Dept. of Informatics, Reutlingen University, Reutlingen, Germany, Simon.Gruetzmacher@reutlingen-university.de
Ralf Kemkemer, Dept. of Applied Chemistry, Reutlingen University & Max Planck Institute for Medical Research, Heidelberg, Germany, ralf.kemkemer@is.mpg.de
Christian Thies, Dept. of Informatics, Reutlingen University, Reutlingen, Germany, Christian.Thies@reutlingen-university.de
Cristóbal Curio, Dept. of Informatics, Reutlingen University, Reutlingen, Germany, Cristobal.Curio@reutlingen-university.de

We present an approach for segmenting individual cells and lamellipodia in epithelial cell clusters using fully convolutional neural networks. The method will set the basis for measuring the direction and velocity of the cluster expansion to
improve investigations of collective cell migration phenomena. The fully learning-based front-end avoids classical feature
engineering, yet the network architecture needs to be designed carefully. Our network predicts how likely each pixel
belongs to one of the classes and, thus, is able to segment the image. Besides characterizing segmentation performance
we discuss how the network will be further employed for processing.
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Visualization of interfacial defects at dental restorations with spectral domain
and polarization sensitive optical coherence tomography
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Julia Walther, Technical University Dresden, Faculty of Medicine Carl Gustav Carus, Anesthesiology and Intensive
Care Medicine, Clinical Sensoring and Monitoring, Dresden, Germany, e-mail: julia.walther@tu-dresden.de
Lars Kirsten, Technical University Dresden, Faculty of Medicine Carl Gustav Carus, Anesthesiology and Intensive Care
Medicine, Clinical Sensoring and Monitoring, Dresden, Germany, e-mail: lars.kirsten@tu-dresden.de
Claudia Rüger, University of Leipzig, Department of Cariology, Endodontology and Periodontology, Leipzig, Germany, e-mail: claudia.rueger@medizin.uni-leipzig.de
Hartmut Schneider, University of Leipzig, Department of Cariology, Endodontology and Periodontology, Leipzig,
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Rainer Haak, University of Leipzig, Department of Cariology, Endodontology and Periodontology, Leipzig, Germany,
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Edmund Koch, Technical University Dresden, Faculty of Medicine Carl Gustav Carus, Anesthesiology and Intensive
Care Medicine, Clinical Sensoring and Monitoring, Dresden, Germany, e-mail: edmund.koch@tu-dresden.de
Christian Hannig,Technical University Dresden, Faculty of Medicine Carl Gustav Carus, Policlinic of Operative and
Pediatric Dentistry, Dresden, Germany, e-mail: christian.hannig@uniklinikum-dresden.de

Interfacial defects and associated secondary caries is the main cause for invasive restoration replacement. Assessment
of the interfacial quality based on clinical inspection and radiographic examination is often difficult and not reliable. In
this work, we present spectral domain optical coherence tomography (SDOCT) and polarization sensitive optical coherence tomography (PSOCT) for the detection of restoration defects. Imaging of two composite restorations at the occlusal surface are presented using intensity-based SDOCT and PSOCT based degree of polarization uniformity (DOPU).
Both modalities revealed several defects beneath the surface such as inhomogeneous adhesive layers, marginal gaps and
bubbles. In addition, DOPU representation showed an inhomogeneous structure within the composite material. OCT
based imaging of dental restorations could add a valuable diagnostic tool for the assessment of structural defects in clinical practice. The representation of polarization characteristics with the DOPU algorithm provides further information
about the homogeneity of the restoration.
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Feasibility of Promontory Stimulation eABR recording in cochlear implant candidates with MED-EL clinical system: An update
Daniel Polterauer1, J. Müller1, G. Mandruzzato2, M. Neuling1 M. Polak2, J.-M. Hempel1
1 Dept. Otorhinolaryngology, Head and Neck Surgery, Ludwig-Maximilians University, Munich, Germany
2 Research & Development, MED-EL GmbH, Innsbruck, Austria

Introduction: Promontory Stimulation is a well-established tool to stimulate preoperatively the cochlea by a temporary
transtympanic needle placed on the middle ear. It was shown that eABR (Electrical Auditory Brainstem Response) recorded with Promontory Stimulation is a useful objective measure in CI candidates in testing and evaluating the presence
and excitability of the auditory nerve and auditory pathway before cochlea implantation. This test is especially critical
for a group of patient where it is hardly difficult or not even possible to judge the CI candidacy based on other preoperative audiological tests. It was also demonstrated that a correct placement of the electrode tip on the RW niche, instead of the promontory, plays an important role on the efficacy of the electrical stimulation delivery. In this study we
are going to show the feasibility of this measurement using the MED-EL clinical system. Results: These updated data
show the validity of PromStim test in ten patients. Comparing the wave forms of the different measurements / patients
confirms the reliability of this PromStim eABR procedure for testing the hearing nerve before cochlea implantation. An
analysis of the grand average of all waveforms shows a similar form like an eABR with stimulation by CI. Conclusion:
PromStim eABR with MED-EL clinical system results easy to be used and feasible on CI candidates especially in
whom the presence and excitability of the auditory nerve is in doubt. Additionally, the now updated set of data makes it
possible to compare the quality of the waveforms to the postoperatively upcoming hearing performance that will be collected in the near future when more CI data is available.
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An automatic detector of intracranial epileptic spikes based on multivariate
classification of EEG epochs
Epilepsy Department, Universitätsklinikum Freiburg, Freiburg, Germany, daniel.lachner@uniklinik-freiburg.de
Department of Neuropediatrics and Muscular Disease, Universitätsklinikum Freiburg, Freiburg, Germany, jonas.bruder@uniklinik-freiburg.de
Department of Neuropediatrics and Muscular Disease, Universitätsklinikum Freiburg, Germany, julia.jacobs@uniklinik-freiburg.de
Epilepsy Department, Universitätsklinikum Freiburg, Freiburg, Germany, andreas.schulze-bonhage@uniklinikfreiburg.de
Department of Microsystems Engineering, Albert-Ludwigs-Universität Freiburg, Freiburg, Germany, stieglitz@imtek.uni-freiburg.de
Epilepsy Department, Universitätsklinikum Freiburg, Freiburg, Germany, matthias.duempelmann@uniklinikfreiburg.de
Inter-ictal epileptic spikes are clinically established electro-encephalographic events which aid epileptologists in the delimitation of the epileptic zone. The development of automatic spike detectors has previously been focused on noninvasive EEG signals, we have developed a detector which was trained and validated with a public simulated-database
and was tested with intra-cranial EEG signals from both a simulated and a real database. The simulated training-, validation- and test-sets consisted of respectively 1440, 1440 and 19701 spikes with randomized signal to noise ratios. The
real test-set consisted of a total of 1367 spikes coming from 17 Freiburg patients implanted with depth, strip and grid
electrodes. For the real test-set, spikes were defined as inter-ictal epileptic potentials with a sharp component and lasting
up to 70msec. Spikes were visually marked on the raw signal from all contacts and using a 10 second time window. All
EEG signals were further discretized into epochs with 25ms of length and each epoch was then characterized by 14 features calculated on both the raw and 1Hz high-passed signal. From the total of 28 calculated features, those which were
relevant and non-redundant were automatically selected using a filter-type feature-selection-method based on the correlation of each feature trace and the epoch label. The characterized EEG-epochs constituted the training events for the
classifier, a support vector machine (SVM) with a radial-basis-function kernel. The selection of the SVM parameters
was based not on the individual epochs but on the detected events and the performance obtained on the validation set.
The detected events were constructed by adjacent epochs classified positively and by merging those events which were
less than 250ms appart from each other. The performance obtained on the simulated test-set was 99.8% sensitivity,
99.9% specificity, 96.9% precision and 98.3% Cohen's kappa. The performance obtained on the real test-set was 77.3%
sensitivity, 95.6% specificity, 39.6% precision and 50.1% Cohen's kappa. The developed detector is integrated into a
GUI-toolbox which also allows the detection of sleep-spindles, HFO-Ripples and HFO-Fast-Ripples, this toolbox will
allow further research on the biomarker value of these electro-encephalographic events as well as on the connectivity
between the brain regions generating them.
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Rotational activity around fibrotic tissue during Atrial Fibrillation
Mark Nothstein, IBT - Karlsruhe Institute of Technology, Karlsruhe, Germany, Mark.Nothstein@kit.edu
Olaf Dössel, IBT - Karlsruhe Institute of Technology, Karlsruhe, Germany, Olaf.Doessel@kit.edu
Axel Loewe, IBT - Karlsruhe Institute of Technology, Karlsruhe, Germany, Axel.Loewe@kit.edu

Atrial fibrillation is the most common cardiac arrhythmia leading to increased risk of stroke. The mechanisms upholding atrial fibrillation are still unclear. One mechanism is rotor driven reentry. Rotors can be self-driven by fibrotic tissue
acting as an anchor. In this work, we want to answer how the fibrotic tissue must be composed and distributed to terminate or maintain rotational activity. To this end, several simulations were set up with our numerical simulation software
acCELLerate. Thereby a 10x10x2 mm^3 region containing fibrotic elements was centered in a 30x30x2 mm^3 simulation patch. The cubic fibrotic fiber elements with a sidelength of 0.1 mm were placed using a Gaussian distribution
along the x-y plane. This was done for varying degrees of fibrotic volume density. For each fibrotic patch, rotors were
induced by crossfield stimulation and self-sustained for more than 5 cycles. The results revealed that rotor development
was dependent on the mean and standard deviation value chosen for the Gaussian distribution. Especially patches with a
high density of fibrotic elements show a greater rate of rotor occurrence while patches with a low fibrotic density are
highly reliant on the distribution in the substrate. Our results foster the understanding how the degree and distribution of
fibrosis influence reentry prospensity and may aid in optimizing patient specific ablation strategies for atrial arrhythmias.
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3D Tumor Models Based on Histologic Data for Magnetic Drug Targeting
Max Christopher Lindemann, Applied Medical Engineering, Helmholtz Institute, Medical Faculty, RWTH Aachen,
Germany, lindemann@ame.rwth-aachen.de
Anjali A. Röth, Department of General, Visceral and Transplant Surgery, RWTH University Hospital Aachen, Aachen,
Germany, aroeth@ukaachen.de
Thomas Schmitz-Rode, Applied Medical Engineering, Helmholtz Institute, Medical Faculty, RWTH Aachen, Germany,
smiro@ame.rwth-aachen.de
Ioana Slabu, Applied Medical Engineering, Helmholtz Institute, Medical Faculty, RWTH Aachen Germany, slabu@ame.rwth-aachen.de
Magnetic Drug Targeting enables the local delivery of drugs to a tumor inside the human body. For this, mangetic nanoparticles (MNP) are used as drug carriers which are accumaleted under the influence of a static magnetic field at the
tumor site where the drug can be released. In order to optimize Magnetic Drug Targeting, the parameters determining
the MNP accumulation efficiency must be carefully analyzed both experimentally and computationally. Unfortunately,
there are no realistic models of tumor vessel networks so far. Especially, complex capillary networks are missing in present models. In this work, a virtual 3D model of a vessel network is developed based on human pancreatic tumor data.
Accordingly, digital images of histologic slices of 2.5 µm with immunohistochemically stained endothelial cells are
created with a resolution of (18560 x 20480) px using a whole slide scanner (NanoZoomer-XR, Hamamatsu Photonics
K.K., Hamamatsu, Japan). Image processing methods such as thresholding, image registration via rigid and affine transformation algorithms as well as interpolation are applied to align the images, delineate the vessels and connect them to a
3D structure. The resulting model is implemented into FEM-based Magnetic Drug Targeting simulations. In this way,
the MNP accumulation can be reliably quantified varying MNP and magnetic field properties in order to find the most
promising parameter combination. Futher, the manufacture of a 3D printed model is planed which is then used to validate experimentally the computational results.
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Initial results on energy harvesting by exploiting the temperature gradient in hip
implants
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Adding intelligence into implantable medical devices could help observe implant status, loss of function or side effects.
The design of these devices includes a number of challenges like miniaturization, biocompatibility, communication and
presence of sufficient energy. Harvesting energy is considered a promising approach to power such a system independently. In contrast to concepts such as piezoelectric, electrostatic or electromagnetic generators, thermal energy in
the vicinity of the implant has received little attention in the past. We propose a harvesting method exploiting the temperature gradient within a hip implant caused by the increased mechanical friction in artificial joints. A test set up of a
hip implant including a small and lightweight micro thermoelectric generator (MicroPelt MPG-D751) was built. The
thermoelectric generator converts a comparably small temperature gradient into an utilizable open circuit voltage. To
provide a usable voltage a single inductor based DC-DC converter is used to ensure efficient conversion under various
harvesting conditions. A supercapacitor is used for storage of energy and to supply later application circuitry. The design is tailored to fit into the cavity between the mounted ball head and the stem of an artificial hip joint to harness the
small temperature differences ( 2K) within the implant. First experiments in a rudimental setup, assuming a stable ambient temperature (37°C) and an increased temperature at the articular surface of the ball head proved the capability of
the device to gather small amounts of energy. Considerations regarding the thermal interface and losses along the thermal path provide potential for further improvement. An evaluation of the stability of the temperature gradient and the
harvested energy will be carried out in a more realistic scenario of bench test (EndoLab® Hip Simulator). For artificial
joints, harvesting of temperature gradient based energy is a promising step towards intelligent implants.
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A Customized Highly Linear Power Resistor For Distortion Measurements in a
Magnetic Particle Imaging Signal Chain
Jan Stelzner, Institute of Medical Engineering, Universität zu Lübeck, Lübeck, Germany, stelzner@imt.uni-luebeck.de
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Magnetic Particle Imaging is a novel medical imaging modality that is based on the nonlinear magnetization behaviour
of superparamagnetic iron oxide nanoparticles. To acquire a usable signal, magnetic fields have to be generated that are
strong enough to exceed the linear range of the particles’ magnetization curve. This in turn leads to the generation of
higher harmonics of the applied sinusoidal excitation field which are used to detect a particle concentration within the
region of interest. Because those harmonics are several orders of magnitude lower than the initial transmission signal
the spectral purity of the excitation field is a crucial factor. To test elements of the signal chain corresponding to their
linearity, a well-defined high-power signal-source can be connected to the input of such an element like a band-pass filter. The output of the tested component has to be terminated by a resistor that is able to sustain a high current without
altering the measurement with additional distortions. Furthermore, the load must not act as an inductor at the applied
frequency. Because commercially available power resistors often contain ferromagnetic parts that lead to signal distortions at high currents, in this work, the construction and measurement of a customized power resistor which accomplishes the required properties is presented.
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Linear stability analysis of epileptic seizure models
Steffen Hartmann, Center for Signal Analysis of Complex Systems, Ansbach University of Applied Sciences, Ansbach,
Germany, Steffen.Hartmann@hs-ansbach.de
Dennis Adamski / Bastian Seifert / Christian Uhl, Center for Signal Analysis of Complex Systems, Ansbach University
of Applied Sciences, Ansbach, Germany, Dennis.Adamski@hs-ansbach.de / Bastian.Seifert@hs-ansbach.de / Christian.Uhl@hs-ansbach.de

The identification of chaotic structures in time series is a challenging task. Since the signal data is often higherdimensional than the underlying dynamic structure, a dimension reduction must be added.
To avoid information loss by statistical techniques like PCA/ICA, Dynamic System Based Modeling (DSBM) is used in
combination with a model. In this method, a parameter estimation is performed simultaneously to the dimension reduction. Thereby the signal is projected onto a low-dimensional model assumption (system of ordinary differential equations (ODE)).
To achieve a better understanding of the nonlinear model the local behaviour in the vicinity of equilibrium points is investigated. Near a hyperbolic equilibrium point the dynamic system qualitatively corresponds to the behaviour of its
linearization near this equilibrium point (Hartman-Grobman theorem). The local dynamics is described by means of the
Taylor series expansion of the system of ordinary differential equations and the diagonalization of the Jacobian matrix.
In the presented work EEG data of epileptic seizures are investigated. Van Veen and Liley have shown by bifurcation
analysis of epileptic seizure models that the underlying dynamics are organized by Shilnikov´s saddle-node bifurcation.
This is a pathway to chaos characterized by the appearance of a hyperbolic saddle-node fixed point. Near the fixed
point, homoclinic orbits appear, showing complex behaviour. Therefore such a Shilnikov dynamics was used to model
the data sets.
The procedure of DSBM and linear stability analysis was tested on 12 data sets, which were subdivided into windows
of 2 seconds length. During epileptic absence, the Shilnikov conditions were fulfilled to a great extent (75%):
Applying DSBM to the examined data, the detected signal appears like Shilnikov chaos. The ODEs exhibit for some
data windows within the absence exactly one fixed point with the distinctive Shilnikov property, whereas in other cases
the signal appears like Shilnikov chaos, but without fulfilling the Shilnikov conditions. For some data windows within
the absence the ODEs exhibit sometimes three fixed points with the same behaviour.
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Multiclass sEMG signal processing and classification for upper-limb FES-NP
control
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Central Nervous System (CNS) injuries entails to diverse disabilities, within which upper-limb sequels are very common. Functional Electrical Stimulation Neuroprostheses (FES-NP) devices are currently under intensive research for
neurorehabilitation. An important prerequisite for enhancing FES-based rehabilitation is to generate control signals
based on non-invasive command biosignals associated to specific movement intention at different CNS levels. We present a multiclass pattern recognition classification method using surface electromyography (sEMG) signals-enhanced
by wavelet to generate FES-NP command signals.
sEMG signals for five target upper-limb movements (pronation, supination, hand opening, power grasp, lumbrical grip)
are acquired using 8 bipolar channels through an open-source platform (OpenBCI), from an abled-body subject. A session is conformed by 9 repetitions of 3s contraction and rest, for each movement. sEMG is pre-processed using wavelet
transform (Daubechies-4) and 3 features extracted in 50 and 100ms analysis windows (mean absolute value, root mean
square value and variance). A multilayer perceptron neural-network classifier trained by backpropagation method is
proposed, using 5-way cross-validation. To test the classifier, the contraction was divided by 1s-parts; for all trials of 1s,
the middle 1s-part of the contraction is processed. Classifier accuracy is used to find the best combinaton of window
length and test window, offline.
For 50ms window of the 3s signal, classification accuracy was 96.71%; for 50ms window of 1s-part, it had 99.36%; for
100ms window of 3s signal, 98.22%; and, for 100ms window of 1s-part, 99.33%. The lowest execution time (~140ms)
for testing with the best classification accuracy (99.36%) is obtained with a 50ms window and the middle 1s-part.
A multiclass classification scheme is achieved with short windows, being a promising procedure for online operation of
upper-limb FES-NP. The ultimate goal is to personalize the classifier for subject and session, adjusting to a changing
sEMG signal during upper-limb rehabilitation therapy.
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Brain-pressure sensor for esophageal pressure measurement during magnetic
stimulation in rats
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Medicine, Freiburg, Germany, christin.wenzel@uniklinik-freiburg.de
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Measurement of esophageal pressure is a necessary means to assess diaphragmatic muscle force in vivo. It is used for
maximal diphragmatic force measurement during electro-magnetic stimulation of the nervus phrenicus. The result of
this measurement is an important parameter to assess respiratory muscle fatigue, which is e.g. a risk factor for successful weaning.
However, esophageal pressure measurement is not a common monitoring method. Particularly, there is no valid method
for measurement of esophageal pressure in small animals. In the study presented here, we used a brain-pressure sensor
to measure esophageal pressure as a correlate for diaphragmatic force while we stimulated the nervus phrenicus in rats
via eletro-magnetic impulses. The brain-pressure sensor (Raumedic AG, Münchberg, Germany) is a small catheter with
an outer diameter of only 1.5 mm containing a piezo-electric pressure transducer inside its tip.
In 4 rats we measured esophageal pressure via the brain-pressure sensor during spontaneous breathing and during mandatory mechanical ventilation. In the latter phase of the experiments we stimulated the nervus phrenicus of the rats repetitively via magnetic stimulation in order to activate the diaphragm.
During spontaneous breathing, tidal pressure changes in the range of -3.5 (inspiration) to +3.4 mbar (expiration) could
be observed, reflecting diaphragmatic activity. During mechanical ventilation the measured tidal pressure changes were
in the range between 2 mbar and 6 mbar, corresponding the ventilation associated pressure changes between positive
end-expiratory pressure and peak airway pressure. Diaphragmatic activity due to magnetic stimulation was reflected in
sharp negative pressure drops of -1.3 ± 0,3 mbar.
We conclude that measurement of esophagal pressure with a brain-pressure sensor is a stable means for assessing
esopageal pressure during spontaneous breathing and mechanical ventilation in a rat model of mechanical ventilation.
This approach allows further for assessing diaphragmatic force.
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CurvChip – chip platform for investigating cell responses to curved surface
features
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Surface topographies are often discussed as an important parameter influencing basic cell behavior. Whereas most invitro studies deal with microstructures with sharp edges, smooth, curved microscale topographies might be more relevant
concerning in-vivo situations.
Addressing the lack of highly defined surfaces with varying curvature, we present a topography chip system with 3D
curved features of varying spacing, curvature radii as well as varying overall dimensions of curved surfaces.
The versatile CurvChip is produced by a combination of low-cost photolithography with thermal reflow, subsequent
(repetitive) PDMS molding and hot embossing, to transfer the structure in different polymer materials. Topographies can
range from partial spheres over partial cylindrical rods of various lengths to longer and more complex structures by only
changing the photomask layout.
The platform facilitates the systematic investigation of cell responses to substrate curvature in a physiological interesting
size range. Due to its easy handling as chip system it is suitable to perform systematic studiers of various cell types like
epithelial and smooth muscle cells, endothelial cells, osteocytes or stem cells. Such studies will not only help to further
understand the mechanism of curvature sensation but can also contribute to the optimization of biomaterials for applications in regenerative medicine.
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Systematic analysis about residual chloroform removal from PCL films
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For fabrication of polymeric implants and drug carriers toxic volatile organic solvents, such as chloroform, are widely
used. In order to remove toxic solvents for patient safety several processes have to be carried out with respect to avoid
changes in the thermal characteristics of the polymers, the drug release profile and mechanical properties. We analyzed
films of the polymer poly(ε−caprolactone) (PCL), a common commercial medical grade polymer which is widely used
in implants and drug carriers. Considering the influence on the morphology and thermal properties we screened different post treatment processes. Acceptable chloroform contents according to recommendations of the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) without changes in morphology and crystallinity were achieved via a simple annealing process for 24 h at 40°C and 40 mbar.
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Hydrophilic silicone elastomer with excellent cell adhesion capability - A promising material for ophthalmic micro-implants
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For minimising tissue reactions of implants hydrophilic silicone elastomers feature a high potential to be utilised as material for micro-implants in ophthalmologic pathology. To estimate the biocompatibility we quantified cell viability of
human primary fibroblasts from scleral (hSF) and choroideal (hCF) origin in direct contact test and evaluated cell adhesion and cell morphology with Phalloidin-TRITC stained hSF and EA.hy926. Mechanical properties were analysed by
means of uniaxial tensile testing. Direct contact testing revealed a good biocompatibility from 65 to 70% relative cell
viability for hCF and moderate viabilities (46 to 63%) for hSF. EA.hy926 and also hSF exhibited typical cell morphology on the silicones. Improvement of cell adhesion was observed with increasing amount of hydrophilic component. Mechanical testing shows a minor decrease in elongation at break from 236% to 155% with increasing amount of hydrophilic component. These findings indicate that the investigated silicones may ensure a reliable integration of implants
into the ocular tissues.
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An Implantable Brain-Computer Interface for Investigation of Novel ClosedLoop Therapies
Dr. Martin Schuettler, CorTec GmbH, Freiburg, Germany, martin.schuettler@cortec-neuro.com
Dr. Fabian Kohler, CorTec GmbH, Freiburg, Germany, Fabian.kohler@cortec-neuro.com
Christian Stolle, CorTec GmbH, Freiburg, Germany, christian.stolle@cortec-neuro.com
Dr. Joerg Fischer, CorTec GmbH, Freiburg, Germany, joerg.d.fischer@posteo.de
Prof. Dr. Thomas Stieglitz, Laboratory for Biomedical Microtechnology, Department of Microsystems Engineering,
Univerity Freiburg; BrainLinks-BrainTools, Freiburg, Germany, stieglitz@imtek.uni-freiburg.de
Alexis Gkogkidis, Laboratory for Biomedical Microtechnology, Department of Microsystems Engineering, Univerity
Freiburg; Department of Neurosurgery, Medical Center – University of Freiburg, Faculty od Medicine, University of
Freiburg, Germany, alexis.gkogkidis@uniklinik-freiburg.de
Xi Wang, Laboratory for Biomedical Microtechnology, Department of Microsystems Engineering, Univerity Freiburg;
Department of Neurosurgery, Medical Center – University of Freiburg, Faculty od Medicine, University of Freiburg,
Germany, xi.wang@uniklinik-freiburg.de
Mortimer Gierthmuehlen, Department of Neurosurgery, Medical Center – University of Freiburg, Faculty od Medicine,
University of Freiburg, Germany, mortimer.gierthmuehlen@uniklinik-freiburg.de
Christian Scheiwe, Department of Neurosurgery, Medical Center – University of Freiburg, Faculty od Medicine, University of Freiburg, Germany, christian.scheiwe@uniklinik-freiburg.de
Dr. Joern Rickert, CorTec GmbH, Freiburg, Germany, Joern.rickert@cortec-neuro.com
Dr. Tonio Ball, Department of Neurosurgery, Medical Center – University of Freiburg, Faculty od Medicine, University
of Freiburg, Germany; BrainLinks-BrainTools, Freiburg, Germany, tonio.ball@uniklinik-freiburg.de

In 1997, deep brain stimulation (DBS) was approved by the FDA for clinical treatment of essential
tremor. In the following two decades neuromodulation of the central nervous system became a very
active field and was applied for treating many different conditions. Similar to the technological progression of cardiac pacmakers, concepts were developed to adapt the stimulation pattern to the patient's need, making the devices responsive. Today, only two of these closed-loop devices are approved for clinical use, the Medtronic Activa PC+S and the Neuropace RNS. Both devices work
with eight electrode contacts on the surface of or deep inside the brain and permit delivery of electrical stimuli initiated, or modified in intensity, based on neural signal recordings. Here, we present
the development of a closed-loop device that overcomes current application limitation by increasing
the electrode contact number, minimizing the closed-loop response time and transferring the closedloop control algorithms to a device outside the body, allowing maximum freedom for clinical research.
The system design is inspired by today's cochlear implants: The implant is wirelessly powered by a
body-external transceiver. Cortical electrode arrays are and DBS electrodes can be connected to the
hermetically packaged implanted electronics. The device records synchronously from 32 electrode
contacts at 1kS/s (16bit) at a pass band of 0.5 to 450Hz. These data are wirelessly streamed to the
body-external transceiver, which is connected to a laptop-PC, running the control software. The
software can send instructions to the implant to generate electrical stimuli of up to 6mA on each of
the 32 electrode contacts. Typically, it takes some 10ms for closing the loop of recording and recording-based stimulation, strongly depended on the signal analysis and decision-taking algorithms
used. The system (Figure 1) was implanted in sheep (approved by the Regierungspraesidium Freiburg, Germany and the Animal Ethics Committee of the University of Freiburg) to investigate functionality and biological acceptance. Excellent robustness of the implanted hardware was proven
over 5 months in the current / over 15 months in the previous implant generation as well as good
biological-acceptance. Signal quality was evaluated in auditory evoked potential experiments using
electrode-grids (1mm diameter PtIr contacts): The signal-to-noise ratio did not significantly change
over time (Figure 2). Funding was supplied within the German Cluster of Excellence BrainLinksBrainTools (EXC 1086), by the Federal Ministry for Education and Research (13GW0053A-E) &
the Federal Ministry Economic Affairs and Energy (16KN022122).
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Automated particle analysis by Raman microscopy – a method development
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Chemical identification of particles increasingly gains importance concerning regulatory affairs of medical devices. Particle numbers of samples very easily add up to orders larger than 1.000. Therefore an automated particle measurement is
absolutely worthwhile. As a method of chemical identification Raman spectroscopy combined with microscopy is
commonly used. The challenge is to distinguish small particles in a range of a few microns on a surface from the background. Different specimen holder made of glass, polymer (e.g. polycarbonate) or metal are commonly used. After the
choice of suitable background parameters such as magnification, optical resolution, focal plane and brightness have to
be optimized. The used software for Raman microscopy offers the possibility to select particles for the subsequent
measurement. Therefore the x- and y-coordinates of particles have to be added to a list manually and separately. This so
called point list can be processed automatically. However, this procedure is very laborious and requires a high degree of
user interaction especially in case of large particle numbers. Furthermore the software offers the possibility to perform a
so called area scan, where a defined surface of the the specimen will be spectroscopically analyzed. The measurements
are performed in defined distances on a grid, e.g. every 10 micrometer in x- and y-direction. The choice of this tool
leads to a large number of measuring points associated with an unwanted long measuring time. By means of the freely
accessible software ImageJ an alternative path was found to relate x- and y-coordinates to every particle. These coordinates can be imported into the point list of the software for Raman microscopy. Afterwards a Raman spectrum for every
particle can be measured without further high effort in time.
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Foetal heart rate signal spectral analysis by using time-varying autoregressive
modelling
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During labour, early detection of hypoxic foetuses with the risk of acidemia enables clinicians to prevent potential foetal adverse outcomes. In this step, foetal monitoring is commonly based on the joint recording of foetal heart rate (FHR)
and uterine contractions (UC) signals, obtained through a cardiotocograph (CTG). The foetal welfare assessment procedure involves visual analysis of different morphological signal patterns based on proposed CTG medical guidelines.
Unfortunately, CTG interpretation by this methodology has been shown to lack objectivity leading to a poor interpretation reproducibility. In this context, a number of approaches based on time-varying signal processing methods have
been proposed in order to improve the CTG interpretation. However, they are mainly focused on foetal reactivity as a
response to a UC event, without taking into account the progression of the frequency dynamical changes occurring over
time. In this work, we propose to analyse such progression along the FHR signal by using time-varying spectral-based
analysis. The main idea is to investigate if particular FHR episodes in time-domain, triggered by UC events as stimuli,
reflect spectral dynamical changes in frequency-domain that can help to assess the foetal condition. For this purpose,
first the FHR signal is filtered by a non-linear median filter which allows to attenuate the low frequency signal trend.
Then, the spectrum is computed by using time-varying autoregressive (AR) modelling in order to track the frequency
components of interest and their energy over time. The proposed method has been tested using CTG recordings extracted from the open access CTU-UHB database available on the PhysioNet website. Results show that the FHR signal describes different frequency dynamical changes over time and each time-domain deceleration episode leaves a particular
signature described by the spectral energy components which could help to distinguish between a normal and a pathological foetal condition.
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Optimization of manufacturing processes for biodegradable polymeric stents regarding improved mechanical properties
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Although current drug eluting stents show low risks of in-stent restenosis and stent thrombosis, the presence of a permanent
foreign body inside the vessel represents a major limitation. In order to overcome this limitation, stents made of biodegradable
polymeric materials are currently being developed. As provided by metal stents, polymeric stents have to provide an initial
mechanical support of the vessel.
The present work describes two processes to optimize the fabrication for tubular semi-finished products for manufacturing of
stents made of poly-L-lactide (PLLA). The evaluation was carried out by morphological and thermal analysis. At first, the impact of the haul-off speed as a major parameter during extrusion processing on the cross-sectional area of tubular specimens
was analyzed. The cross-sectional analysis of the extruded specimens was carried out by micro computed tomography (µ-CT).
In the second series of experiments, the subsequent blow molding process and the influence of the holding time on polymer
cold crystallization was analyzed. Thermal properties of the polymeric material after processing were examined by differential
scanning calorimetry (DSC).
It could be shown that the cross-section of the extrudate can be adjusted by varying haul-off speeds to achieve the desired wall
thickness and diameter. Although an outer diameter of 1.96 mm was detected at a minimum haul-off speed during extrusion
for PLLA (3D-filament), it was only 1.85 mm after µ-CT. This represents a material-specific shrinkage factor of about 5%.
For the blow molding process DSC analyses for all PLLA L214 samples revealed a glass transition temperature of 62.7 ±
1.9 °C. By increasing the holding time from 10 min to 15 min, the degree of crystallization could be increased by 2% at
20 min. The desired elimination of cold crystallization could be achieved by a holding time of at least 20 min.
The investigations showed that polymer tubes with variable geometry and improved mechanical properties can be produced
with the described extrusion and blow molding process.
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Identification of structurally non-identifiable and sloppy parameters of a detailed ventricular myocyte model
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In silico studies are often used to analyze mechanisms of cardiac arrhythmias. The electrophysiological models that are
used to simulate the membrane potential in these studies range between highly detailed models, covering a multitude of
ionic currents with numerous parameters and variables, to simplistic models, phenomenologically describing ionic currents with a minimal set of variables and parameters without physiological significance. It has been shown that both,
complex and simple models, can be adjusted to fit patient specific data, which raises the question of overparameterization and parameter identifiability. In this study, we use an intuitive method to detect structural non-identifiability in the
2011 O’Hara-Rudy ventricular cell model (ORd). We measure the sensitivity of a single action potential to changes in
parameters by an eigenvalue decomposition of the Fisher information matrix (FIM). The FIM is a square matrix containing all first-order partial derivatives of the ORd model equations with respect to the parameters. The eigenvalue
spectrum of the FIM is distributed over many orders of magnitude, which is characteristic for sloppy models. Structural
non-identifiability is now identified by a gap between some eigenvalues close to either machine precision or a preset
numerical tolerance and the rest. The number of close-to-zero eigenvalues represents the number of independent directions a parameter can move without affecting the observed model behaviour. We revealed a sloppy eigenvalue spectrum
of the ORd model and found multiple non-identifiable parameters. These findings allow a reparameterization of the
model by inspecting the components of the eigenvectors corresponding to the non-identifiable eigenvalues and to reduce the model equations by using a suitable reduction algorithm such as the recently developed manifold boundary approximation method.
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Methodology for the normalization of intraoperative testing results in deep
brain stimulation.
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Deep Brain Stimulation within the motor circuit is an established treatment for movement disorders to control symptoms
such as tremor. Nevertheless, the mechanism(s) of action and the optimal position remain incompletely known. As only
the approximate anatomical position for the electrode can be determined preoperatively and not the one of the neurons to
be stimulated, test stimulation are commonly performed during DBS surgeries to identify the position inducing the best
outcome.
The aim of the present study was to propose a methodology to visualize the results of intraoperative stimulation based on
quantitative measurements and simulation of the electric field, and the definition of a workflow to normalize the data in
a common reference space, allowing group analysis to try to identify the optimal stimulation position(s).
Tremor was measured for 10 trajectories toward the ventral intermediate nucleus (Vim) using an acceleration sensor worn
by the five essential tremor (ET) patients during the surgery. Spatial influence of the stimulation was simulated using
patient-specific Finite Element Models: a brain model using impedance values derived from the preoperative T1 Magnetic
Resonance Images was built, and the 3D models and stimulation current of the exploration electrodes were set according
to the conditions during surgery. The simulated electric fields, their respective resulting tremor improvement, and 14
expert-labels subthalamic structures per patient were used to create 3D “improvement maps”, revealing “hotspots” in
areas with the best stimulation effect.
Patient anatomical images were normalized using a combination of linear and non-linear registrations. Different nonlinear registration tools (FNIRT, ANTS, SPM) and references were evaluated using the labeled structures agreement as
criteria. Individual improvement maps were then transferred to this normalized space, resulting in a probabilistic improvement atlas.
In a next step, a statistical method will be selected to present the data to provide guidance for DBS implantation.
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Fluid-structure interaction in intracranial vessel walls: The role of patientspecific wall thickness
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Computational Fluid Dynamics studies try to support physicians during therapy planning of intracranial aneurysms.
However, multiple assumptions (e.g. rigid vessel walls) are required leading to a sparse acceptance of numerical approaches within the medical community.
This study incorporates multiple fluid-structural simulations for an intracranial basilar artery bifurcation. Based on the
patient-specific dataset, which was acquired using optical coherence tomography, minimum, mean, maximum, and diameter-dependent thicknesses are generated and compared with respect to hemodynamic and wall stress parameters.
The comparison of different wall thickness models revealed a strong variability among the analyzed parameters depending on the corresponding assumption. Using the patient-specific configuration as a reference, constant thicknesses lead
to differences of up to 100 % in the mean wall stresses. Even the diameter-dependent thickness results in deviations of
32 %, demonstrating the wide variability of computational predictions due to inaccurate assumptions.
The findings of this study highlight the importance of geometry reconstruction including accurate wall thickness reproduction for fluid-structure simulations. Patient-specific wall thickness seems to be out of alternatives regarding the prediction of wall stress distributions.
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For the treatment of patients suffering from sensorineural hearing loss, cochlear implants (CI) can be used to
stimulate the auditory nerve cells inside the cochlea. Therefore, the implant consists of an electrode array with
12-22 platinum electrode contacts which can be inserted into the spiral shaped cochlea to stimulate the nerve
cells located at its axis (modiolus). Two types of electrode arrays are conventionally available. On the one hand
there are flexible and easily implantable straight electrode arrays and on the other hand perimodiolar electrode
arrays which offer a reduced distance between the nerve cells and the electrode contacts. However, the
implantation procedure of perimodiolar electrode arrays is typically much more difficult. In order to combine the
benefits of both electrode types, a new electrode design is required which offers a flexible straight insertion as
well as an active positioning to the individual patient anatomy.
Therefore, conventionally designed electrode shafts, made of a silicone rubber matrix and platinum wires and
contacts, were modified with an eccentrically placed hydrogel-based actuator which should move the electrode
array towards the modiolus due to contact with the intracochlear liquid. Electrode arrays with a length of 20 mm
and a contact number of 15 were produced and tested for 7 days in a cochlea model filled with saline solution.
With all electrode arrays, an initial lateral position was achieved, which changed over time to the aimed
periomodiolar position.
With the presented actuation mechanism for cochlear electrode arrays, a perimodiolar positioning of
conventionally designed lateral electrode arrays was achieved for the first time. Based on these results, we are
planning to investigate in future studies if the estimated benefits of a patient adapted perimodiolar positioning
might be achievable.
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Sonographic Detection of Iron Oxide Nanoparticles Employing Shear Waves
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Magnetic Drug Targeting is a cancer treatment technique that enables a local chemotherapy. For this purpose
chemotherapeutic drugs are bound to magnetic nanoparticles and are accumulated in the tumor area by means of an
external magnetic field. Hereby, a well-defined particle concentration in the cancerous tissue requires monitoring of the
particle accumulation. Unfortunately, classical ultrasonic pulse-echo imaging modes are not capable to display
nanoparticles due to their weak backscattering. Therfore, we present an alternative ultrasound based imaging technique
that is capable to detect quantitatively the concentration of iron oxide nanoparticles in biological tissue. The
measurement is based on the differences between the bulk acoustic material properties of the utilized nanoparticles and
of the biological tissue. The speed of sound values as well as the acoustic impedances of the particle loaded tissue differ
from those of the tissue that is free from particles. For example, the velocity of low frequency shear waves in tissue is
higher in tissue enriched by iron oxid particles than in particle free tissue. Similar to shear wave elastography, a shear
wave can be induced into the target tissue and the shear wave speed of sound can be tracked. The variation of the
spatial distribution of the speed of sound with respect to time permits conclusions regarding the local and temporal
enrichement of nanoparticles. Moreover, this modality is capable to determine the enrichement quantitatively as the
increase of the shear wave velocity is proportional to the content of nanoparticle material in the biological tissue. We
have produced tissue mimicking phantoms that include areas that are perfused by different concentrations of
nanoparticles. The dependence of speed of sound with respect to the particle concentration has been demonstrated by
means of measurements. The particle loaded areas could be identified employing a push puls shear wave elastography
mode.
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Effects of Sterilization Methods on Polycarbonaturethan-co-Silicone for
Biomedical Applications
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Permanent and degradable tissue engineered polymers are a promising alternative to overcome drawbacks of currently
available biological and synthetic cardiovascular prostheses (e.g. long-term durability, need for anticoagulation, costs).
However, before clinical or pre-clinical application, a proper sterilization method for these polymers is crucial to avoid
microbiological contamination with following adverse events. In this study, we compared suitable sterilization
procedures by means of efficacy and effects on biomechanical properties and surface changes on a novel electrospun
thermoplastic silicone-based polyurethane.
Three different common sterilization procedures were applied on 2 x 2 cm2 samples of electrospun Polycarbonurethanco-Silicone: Peracetic acid, glutaraldehyde, and gamma radiation. Before and after sterilization, polymers were
characterized and compared in view of sterility, mechanical properties, hydrophobicity and surface structure.
After 14 days of incubation at 37° C, soy casein medium did not show any turbidity after any sterilization method,
indicating effective sterilization. Uniaxial tensile testing showed a significant increase of ultimate tensile strength after
peracetic acid sterilization compared to untreated samples (3.8 ± 1.1 MPa vs. 5.6 ± 0.9 MPa; p < 0.05). After peracetic
acid treatment, Young´s modulus increased, although not significantly (1.8 ± 0.5 MPa vs. 2.7 ± 0.4; p = 0.055). None of
the other treatments showed significant effects on tensile behavior.
Both glutaraldehyde and peracetic acid treatment led to a change in hydrophobicity: Water contact angle decreased
significantly from 136.7 ± 2.6° in untreated samples to 127.4 ± 2.7° (p = 0.001) in glutaraldehyde- and to 130.4 ± 3.2°
(p = 0.005) in peracetic acid sterilized samples. The sterilization methods did not have any impact on burst pressure and
scanning electron microscopy revealed no changes in surface characteristics.
In this study, feasibility of effective sterilization of a novel electrospun polymer was shown without detrimental effects
on surface and biomechanical properties.
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Test system for microclimatic properties of medical aids, particularly with regard to body-attached medical aids (KliMed-HM)
Christina Mittag, Medical Engineering, Technische Universität Berlin, Berlin, Germany, Christina.Mittag@tu-berlin.de
Simon Gallinger, Medical Engineering, Technische Universität Berlin, Berlin, Germany, Simon.Gallinger@tu-berlin.de
In the BMBF-funded research project KliMed-HM microclimate test systems and methods in the field of medical tech nology were developed. These are suitable for evaluating body-attached medical aids under standardized conditions
with respect to their microclimatic properties. While previously the microclimatic properties of skin contact materials
were tested by wearing the aids on human test subjects, the new test system is a laboratory test system without subject
involvement and thus without individual, non-reproducible subject influence.
Based on a comprehensive analysis of human sweat behavior in contact with various surfaces, techniques have been developed that allow a technical modeling of the typical behavior of the skin beneath the surface of the device. By adapt ing the temperature and humidity parameters, a physiological microclimate is generated and measured. Different load
situations can be displayed. Prototype laboratory test systems have been validated against human skin tests.
The final prototype consists of a stand-alone system with a compact frame containing three separate transpiring measur ing devices to simultaneously test three medium sized medical aids. It was shown that if the transpiration rate of those
devices is set to values found in tests with human subjects, the results in evaluating test samples are comparable, but the
deviation is far less.
Collaborating partners were the skin physiology of the Department of Dermatology, Venereology and Allergology at
the Charité Universitätsmedizin Berlin for studies of human transpiration behavior and secondary diseases; the Rehab tech Research Lab GmbH for the development of the requirements for skin contact surfaces of a neighboring device and
for the development of new auxiliary surfaces; the Berlin Cert, Testing and Certification Body for Medical Devices
GmbH for the development of the specific requirements for microclimate testing in a certified testing laboratory; as well
as the engineering office Reinhard Schulte for the development of the device electronics.
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In vitro study of sirolimus release from nonwoven PLLA matrices
Sabine Illner, Institute for Biomedical Engineering, University Medical Center Rostock, Germany, e-mail: sabine.illner@uni-rostock.de
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Klaus-Peter Schmitz, Institute for Biomedical Engineering, University Medical Center Rostock, Germany and Institute
for ImplantTechnology and Biomaterials e.V., Rostock, Germany
In vitro release data of nanostructured materials compared to conventional thin drug-eluting layers have received only
scant attention. To close this gap, several in vitro studies of nonwoven matrices compared to thin spray-coatings were
initiated exemplified by PLLA.
Sirolimus incorporated nonwoven polymer matrices were fabricated via electrospinning and release kinetics considering
different fibre diameters and layer thickness were investigated. In vitro drug release profiles were estimated by measuring the drug concentration in an established drug release medium (0.9% saline solution with additives, not buffered) at
predetermined time points over 60 days. Furthermore, a NH3-plasma pretreatment was examined to ensure complete
wetting from the beginning of the study. In comparison to thin drug-loaded PLLA spray coatings it was shown that the
release of sirolimus is diffusion and degradation-controlled regardless of the surface-to-volume ratio, though fiber diameters or a hydrophilization can affect its release kinetics.
In addition to these preliminary results differences in degree of crystallinity and degradation were identified by DSC
and GPC measurements.
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Fabrication and Characterization of Bending-Independent Capacitive CMOS
Pressure Sensor Stacks
Roland Fischer, RWTH Aachen University, Institute of Materials in Electrical Engineering 1, Aachen, Germany,
fischer@iwe1.rwth-aachen
Heinrich Ditler, RWTH Aachen University, Institute of Materials in Electrical Engineering 1, Aachen, Germany,
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Advances in the fields of micro- and nanoelectronics are leading to miniaturized and even more powerful sensor devices. Prosthetics and robotic hands equipped with miniaturized tactile sensors, which achieve the resolution of the human
skin, can handle objects with more dexterousness. Apart from detecting forces, the sensor devices are also able to measure other physical properties, e.g. temperature. With this additional information, the touched objects can be better characterized. This leads to an improved haptical feedback for the carrier of the artificial limb. To reach these goals active
CMOS-based capacitive pressure sensors are used in this work. The sensor chips were thinned to 20–30 µm target
thickness to make them bendable. One challenge of such thin sensors is the strong output signal bending-dependence.
To compensate this, two sensors were mounted back side to back side. This allows a numerical adjustment of the two
characteristic sensor output signals to mechanical stress curves. After electrically contact of the stacks with a 15 µm
thin polyimide foil substrate, the bending dependence of the stacks was characterized with a four-point bending procedure. By this characterization the dependency of the pressure sensor output signal on the height of mechanical stress
was determined. Under the same mechanical stress both sensor output signals show an inverted behaviour which confirmed prior simulation results with the same setup. Based on this information, a numerical method for compensating
the bending dependence was successfully proven.
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Classification of thyroid and non-thyroid regions in ultrasound images using
Linear Discriminant Analysis
Elmer Jeto Gomes Ataide, Otto-von-Guericke-Universität, Department of Medical Engineering, Magdeburg, Germany,
elmer.gomesataide@ovgu.de
Prabal Poudel, Otto-von-Guericke-Universität, Department of Medical Engineering, Magdeburg, Germany,
prabal.poudel@ovgu.de
Alfredo Illanes, Otto-von-Guericke-Universität, Department of Medical Engineering, Magdeburg, Germany, alfredo.illanes@ovgu.de
Michael Kreißl, Otto-von-Guericke-Universität, Department of Radiology and Nuclearmedicine, Magdeburg, Germany,
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The classification of thyroid and non-thyroid regions in Ultrasound (US) images is of prime importance to the medical
community as changes in the thyroid shape, and size can be used to diagnose thyroid disorders and precise volume determination can improve calculation of activities for radioiodine therapy of thyroid diseases. An alteration in hormones
leads to diseases such as hypothyroidism, thyroiditis, goiter, etc. which is indicative in a change in the volume of the
thyroid. In the proposed work we used texture patches of sizes 20 x 20 pixels were extracted from the US images with a
resolution of 760 x 500 pixels. These texture patches were then converted into signals that were further decomposed
based on their frequency components. Features were extracted from these signals using Auto regressive modelling. Linear Discriminant Analysis (LDA), a form of dimensionality reduction algorithm, was then used to classify the thyroid
and non-thyroid regions from the extracted 30 features. LDA is a classification algorithm for predictive modelling and
is divided into two steps, 1) Discrimination on where the information is used in a learning set of labelled observations to
construct a classifier (or classification rule) that will separate the predefined classes as much as possible by trying to
find the axes for best class seperability and 2) Classification on where a set of given measurements on a new unlabeled
observation use the classifier to predict the class of that observation . A 4:1 train-test split was used and following the
discrimination of the data, a logistic regression classifier was employed. The trained classifier was then tested on 6 individual datasets to produce an accuracy of 90.6% compared to the clinical ground truth. LDA proves to be an efficient
method for the classification of thyroid and non-thyroid regions in US images.
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Model-driven dimensionality reduction of epileptic EEG-data
Adamski Dennis, Center for Signal Analysis of Complex Systems, Ansbach University of Applied Science, Ansbach,
Germany, dennis.adamski@hs-ansbach.de
Steffen Hartmann / Bastian Seifert / Christian Uhl, Center of Signal Analysis of Complex Systems, Ansbach University
of Applied Science, Ansbach, Germany steffen.hartmann@hs-ansbach.de / bastian.seifert@hs-ansbach.de / christian.uhl@hs-ansbach.de
Today‘s medical devices are gathering more and more information due to ever increasing standards in electrical engineering and computer science. To investigate this amount of information, there is a deterministic estimation method called
Dynamical System Based Modeling (DSBM). This method can, unlike stochastic estimators such as PCA, preserve the
underlying dynamics at the reduction process. Therefore, ordinary differential equations should describe as most as possible of the system of the signal. To achieve this, amplitudes x⃗(𝑡) ∈ ℝn are assumed to obey a set of differentials equations
given by e.g., a polynomial function f (𝑥1 , . . , 𝑥𝑛 ).

𝑥̇ =𝑓 (𝑥1 , . . . , 𝑥𝑛 )
At epileptic absence seizures there is a chaotic behaviour in EEG- data. Liley and van Veen showed, that the Shilnikov
Saddle-Node Bifurcation can describe such chaotic behaviour. So the structure of the vector field f (𝑥1 , . . , 𝑥𝑛 ) was chosen
to allow such a Shilnikov behavior. The high dimensional EEG-data is described by the signal q(t) ∈ ℝN, where N is the
number of electrodes, the Shilnikov dynamics can be described by three dimensions, n=3. DSBM performs an estimation
of the parameters for our system of differential equations and at the same time estimates a projection matrix P ∈ ℝn×N.
This can be accomplished by multiplying the projection matrix with the signal and simultaneously global optimizing the
quadratic error of the model of the projected signal data:
min(P𝑞̇ − 𝑓(P𝑞 ))2
𝑃

We applied this method on eight EEG-data with absence seizures. The minimum of our global optimization process is in
97 % of all investigated time intervals under a 10 % error rate within the seizure. In a second contribution to the conference
we show, that the dynamics of an absence seizure can be described by the Shilnikov Saddle-Node Bifurcation in 75 % of
all cases.
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In vitro investigation of the radial compliance of porcine carotid arteries
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Niels Grabow, Institute for Biomedical Engineering, Rostock University Medical Center, Rostock-Warnemuende,
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Klaus-Peter Schmitz: Institute for ImplantTechnology and Biomaterials e.V. and Institute for Biomedical Engineering,
Rostock University Medical Center, Rostock-Warnemuende, Germany, e-Mail: klaus-peter.schmitz@uni-rostock.de

Cardiovascular disease and stroke are the most common cause for death worldwide. Triggering events such as thrombosis, myocardial infarction, and atherosclerosis are attributed to changes in physical properties of arterial walls. The
current study describes an in vitro test setup for the measurement of the elastic radial compliance of blood vessels based
on an automated laser scanning device (ALSD) and compares with data generated by a scanning acoustic microscope
(SAM).
Porcine carotid arteries were prepared by removing the connective tissue to generate an ideally smooth artery surface.
Then, the artery was mounted in a special fixture suitable for ALSD and SAM. During pressurization from 20 mmHg to
160 mmHg the diameter was measured by ALSD and SAM along the longitudinal axis of the artery. The radial compliance was calculated for the pressure range 120/80 mmHg as well as 160/20 mmHg and related to the inner as well as
the outer diameter.
The inner and outer diameter were 0.07 – 0.17 mm higher for the ALSD compared to the SAM measurements, because
of small tissue fibers floating in the test liquid and thus, leading to an overestimation of the outer diameter with ALSD.
Although, averaged diameters for both methods differ, the diameter variability at each pressure step was comparable for
ALSD and SAM measurements, reflecting the irregular geometry of the artery itself.
The presented methods provided comparable results for the radial compliance calculated from the inner diameter values
(5.0 - 5.7 %/100 mmHg with ALSD as well as 4.5 – 6.4 %/100 mmHg with SAM in the pressure range of
120/80 mmHg or 160/20 mmHg, respectively). Such values appear quite realistic and well within the range of generally
accepted radial compliance of healthy arteries. The ALSD is a good option for determining diameter dependent properties like the radial compliance in vitro, especially when considering larger series of measurements.
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Development of a drug-eluting microstent for micro-invasive glaucoma surgery
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Niels Grabow, Institute for Biomedical Engineering, Rostock University Medical Center, Rostock-Warnemünde,
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Glaucoma represents the leading cause of irreversible blindness worldwide. Therapeutic approaches are based on the
lowering of intraocular pressure (IOP). Micro-invasive glaucoma surgery (MIGS) offers perspectives for implant based
IOP-reduction with reduced complication rates compared to conventional surgical approaches. Nevertheless, available
devices suffer from complications like hypotony and fibrotic encapsulation. The current work focuses on the development of a minimally invasive implantable drug-eluting microstent for the drainage of aqueous humour into suprachoroidal or subconjunctival space. Technical feasibility of a micro-scale resorbable nonwoven for the prevention of hypotony and of a drug-eluting coating for the prevention of fibrosis is assessed. Microstent base bodies with a length of
10 mm and an inner/outer diameter of 0.20 mm / 0.35 mm were manufactured. For the prevention of hypotony, resorbable nonwovens with an adequate flow resistance of 1.543 mmHg/µl min-1 were manufactured in the inflow area of microstents. A drug-eluting coating in the outflow area of microstents was developed based on the model drug fluorescein
diacetate. Micro-invasive ab interno implantation of a microstent prototype into suprachoroidal space of a porcine eye
post mortem was successfully performed, using an injector device. Future studies will focus on the development of an
antifibrotic drug-eluting coating and further in vitro, ex vivo and in vivo testing of the devices.
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Didactic Concept to Teach Regulatory Affairs by Means of a Simulation Game
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Medical device manufacturers are obliged to comply with a variety of legislations and regulatory requirements. The
Medical Device Directive and in future the Medical Device Regulation regulate the placing on the market of medical
devices in Europe. In order to maximize the safety for patients, users and third parties, the Essential Requirements need
to be fulfilled. The development progress of legislations and guidance documents usually leads to stricter regulations,
which is demonstrated by ISO 13485:2016 (Medical Devices – Quality Management System), the Medical Device Regulation, and the MEDDEV 2.7/1 revision 4, the current guideline on medical devices for clinical evaluations. Therefore,
medical device manufactures need to gain competences and manpower to handle the range and depth of these regulatory
requirements. Thus, the job market demands more junior staff with corresponding competences. Hence, we teach students of medical informatics and biomedical engineering in the field of regulatory affairs and quality management.
Since these subjects tend to be theoretical, abstract and difficult to learn, we aimed to develop an approach to enable the
students a playful access to those topics. As result, the simulation game “Regulatory Affairs” was developed. It is based
on a corresponding lecture and establishes a reference to practice in a time frame of two semester periods per week and
should be conducted as block event in two to three days. The simulation game is structrured in different milestones aiming at an approval procedure for a specific medical device. First of all, company structure is developed and job descriptions are worked out for “Manager of Regulatory Affaris”, “Quality Manager”, “Usability Engineer” and “Risk Manager”. Depending on the department, a risk management file, a usability file, the technical documentation or standard operating procedures must be worked out. The executive board has to coordinate the departments, communicate with the
heads of department and react to external influnces, so called event cards. In conclusion, the simulation game “Regulatory Affairs” represents an extensive didactic concept to teach the range and depth of regulatory requirements on bachelor level. Since 2015, the simulation game has been conducted with excellent evaluations and feedback.
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Conceptual design of a personalized radiation therapy patch for skin cancer
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Michael Friebe, Chair for Catheter Technologies, Otto-von-Guericke University, Germany, e-mail: michael.friebe@ovgu.de
Radiation therapy is a valuable option for treatment of skin cancer. In order to deliver the radiation dose to the superficial skin tumor, an X-ray source, electron beam radiation therapy or a radioisotope is applied. The effectiveness of these
procedures is well established in the literature. Findings of some recent studies have indicated that beta particles can be
of particular interest in suppressing skin tumor growth. Beta-emitting radioisotopes are favorable because of the short
penetration depth of their emitted particles. Beta radiation can induce significant damage in superficial skin tumor, and
at the same time, result in enhanced protection of the underlying healthy tissues. In this study, we propose the design of
a patch that can be used in beta radiation therapy of skin cancer patients.
For that, we describe the components of this radioactive patch, as well as a proposal for the subsequent clinical application procedure. A scaffold was used as a substrate for embedding the desired beta-emitting radioisotope, and two layers
of hydrogel to provide protection and shielding for the radioactively labelled scaffold. The proposed design could provide a universal platform for all beta-emitting radioisotopes. Depending on the depth of the tumor spread, a suitable beta emitter for that specific tumor can be selected and used. This is of particular and critical importance in cases where
the tumor is located directly on top of the bone and for which the depth of penetration of radiation should be limited to
only the tumor volume. The proposed design has the mechanical flexibility to adapt to curved body regions so as to allow the use in anatomically challenging areas of the body.
Keywords: Superficial radiation therapy, beta particles, radioactive scaffold, radioactive patch, planar beta radiation
source, skin cancer
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Single trial classification of invasively recorded auditory evoked potentials in
cochlear implant user
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A promising approach to improve cochlear implants (CI) is to use brain signals to control the device. Closing the auditory loop will allow the user passive and active control over the CI. Initial EEG studies have already shown promising
results. These studies are based on the noninvasive measurement of auditory evoked potentials (AEP). However, such
an EEG recording is not practical in everyday life. For a CI controlled by brain signals implantable electrode are more
convenient. Especially if the electrodes are integrated into the CI (which needs to be implanted anyway) the use of invasively recorded signals is promising. Additionally, implantation is expected to provide better signal quality, higher robustness to artifacts, and thus better classification accuracy.
In a first project, three additional epidural electrodes were temporarily placed in ten patients during CI insertion. In the
days after surgery, different AEPs, among others by Cortical Evoked Response Audiometry (CERA), were measured.
Signals were recorded invasively (epidural) and with surface electrodes. Subsequently, the CERA AEPs were used for a
first investigation on single-trial classification. For this purpose, data segments between 0 and 250ms after sound
presentation (N1-P2 component) were extracted from different runs (different volumes up to not heard). The classification (leave-one-out-cross-validation) was then carried out using shrinkage-regularized LDA.
Data analysis from different subjects showed single-trial classification accuracies of up to 99.2% for heard vs. not heard
sounds. Accuracy’s of up to 89.1% were also achieved in the classification of sounds heard at different volumes. The
highest classification accuracies were achieved by epidural recordings.
In summary, the epidural recording approach used in this study is suitable and provides clear and well-classifiable AEP
responses in CI user. On the basis of these promising results, detailed studies on the classification of neuronal responses
in CI user with different methods are currently in progress.
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Influence of application parameters of ultrasonic-assisted bone instruments on
the tear force of a substitute material for spinal dura mater
Marie C. Foelkel, Institute of Biomechanics, Hamburg University of Technology, Hamburg, Germany,
marie.foelkel@tuhh.de
Vitali Herzog, Söring GmbH, Quickborn, Germany, vitali.herzog@soering.com
Markus Meier, Söring GmbH, Quickborn, Germany, markus.meier@soering.com
Michael M. Morlock, Institute of Biomechanics, Hamburg University of Technology, Hamburg, Germany,
morlock@tuhh.de
An ultrasonic-assisted bone instrument is used for spinal surgeries such as spinal decompression. It cuts bone at relatively low temperatures by performing an axial vibration and is gentle on soft tissue. Usually no soft tissue damage occurs altough the tip of the bone instrument can touch spinal dura mater (SDM). Nevertheless, high forces can be unintentionally applied on SDM especially during critical re-operations and lead to a dural tear.
To prevent dural tears the influence of application parameters on the tear force shall be analyzed. Collagen foil is used
as a substitute material for SDM because of its similar mechanical properties and structure. Both materials are viscoelastic and made up of collagen and elastin fibres. Sponge cloth soaked in water is placed below collagen foil during the
experiments to imitate cerebrospinal fluid and nerve tissue. A 3-axis CNC-machine is used to automate the movement
of the bone instrument (92-050, Söring GmbH, Quickborn, Germany) based on its in vivo use. In a full factorial experiment the influence of amplitude, shape of movement of the bone instrument and velocity of movement on the tear force
was analyzed. Amplitude showed the strongest effect. By increasing the amplitude the energy input into the tissue is also increased and leads to fragmentation of the tissue. Velocity also had a significant influence on the tear force, probably because of the strain rate increasing with velocity. Furthermore a significant interaction between movement shape
and velocity was observed which leads to the assumption that the tested tissue tears at different positions of the movement for distinct combinations of movement shape and velocity.
Considering the results of this experiment, a surgeon should mainly reduce the amplitude and furthermore the velocity
of his/her movement to generate higher safety in critical areas.
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Investigation of avascular tumor--immune system interactions using a CA--PDE
model
Jörg Wassenberg, Faculty of Electrical Engineering and Applied Natural Sciences, Westphalian University, Neidenburger Str. 43, 45897 Gelsenkirchen, Germany
Waldemar Zylka, Faculty of Electrical Engineering and Applied Natural Sciences, Westphalian University, Neidenburger Str. 43, 45897 Gelsenkirchen, Germany, waldemar.zylka@w-hs.de

We report on investigations that illustrate the interaction between the specific immune system and a young avascular
tumor growing due to a diffusive nutrient supply. We formulate a hybrid cellular automata--partial differential equation
(CA--PDE) model which includes cell cycle dynamics and allows for tracking the spatial and temporal evolution of this
elaborate biological system. We present graphical results of two dimensional numerical simulations that, specifically in
this work, include special cases of the spherical and papillary tumor growth, the infiltration of immune system cells into
the tumor and the escape of tumor cells from the regime of the immune cells.
We model the system of tumor, cytotoxic T lymphocytes (CTL) of the specific immune system and nutrient species on
a d dimensional spatial square domain with the edge length L with periodic boundary conditions. Although all equations
are formulated in d dimensions, the numerical results in this paper are obtained in d=2. The domain is divided in a regular grid of geometric cells (called voxels) with spatial positions denoted by r and with the edge length Dx=1mm in such
a way that each voxel is capable of housing a maximum number of biological cells defined by the carrying capacity
Nmax=6783.
We employ a reaction–diffusion equation, commonly used for the mathematical treatment of nutrient species, to model
the distribution of oxygen o(r,t) supply necessary for cell survival. The diffusive movement of oxygen species is by a
factor 10.000 faster than the diffusion of tumor cells with diffusion coefficient in the order of 3,15mm2/a. Therefore,
we are separating time scales and seek for the stationary solution of the oxygen supply equation. The temporal evolution
of the system is determined by tumor and CTL cell movements. Thus, in every time step Dt the numerical solution is a
subsequent application of oxygen distribution, tumor proliferation and spatial growth, and tumor-immune cell interaction operators.
In agreement with observations, the tumor (without CTLs) develops a necrotic core surrounded by a rim of quiescent
and proliferating cells. In areas of low cell concentrations, the proliferating layer is interrupted in several places. The
tumor forms bifurcations leading to papillary branches similar to clover leafs, which depend on the oxygen uptake rate.
Low uptake rates provoke compact tumor morphology, in qualitative agreement with other models and experimental
findings. Since the decoupling of nutrient's and tumor's time scale is considered a major simplification, this finding was
not expected. Therefore, despite of the model used, papillary branches can be tracked back to decoupled stationery radial solutions of the oxygen field, thus, to the spherical oxygen distribution determined by a averaged radius of a spherical
tumor.
Coupling the tumor evolution to the immune system leads to various results depending on the choice of CTL cells distribution and the interaction strength. Simulations indicate that increasing T cells ability to migrate in order to hit tumor
cells may lead to greater reduction of tumor volume but potentially not overall extension. In fact, tumour cells can circumvent T cells and further penetrate local tissue. By extending specific T cells distributions presented in this study,
parameters for effective tumor destruction by injection and infiltration of T cells can be determined. In this study, we
aimed at the (qualitative) understanding the tumor--immune system interactions in a young avascular tumor. Eventually,
the distribution of CTLs, the interaction strength and other parameters are not sufficient to destroy the tumor, which
calls for a detailed investigation.
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Adaption of a spike sorting algorithm to ECG signals
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Gießen, Germany, pavel.larionov@lse.thm.de
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Gießen, Germany, jan-dirk.janssen@lse.thm.de
Thomas Schanze, IBMT, FB Life Science Engineering (LSE), Technische Hochschule Mittelhessen (THM), 35390
Gießen, Germany, thomas.schanze@lse.thm.de
Spike sorting is a method to extract information from extracellular neuronal recordings. Recently we have developed a
spike sorting algorithm that uses a peak detector, cross-correlation analysis and k-means to separate spike-waveforms
recorded with one or more electrodes, e.g. tetrodes, in order to distinguish the activity of one or more neurons from
background noise. One important property of this algorithm is its quite modest computational costs, which is important
for online applications.
ECG is the process of recording electrical heart activity, especially for medical diagnoses. P-waves, QRS-complexes
and T-waves are essential parts of an ECG recording. However, their time courses have some similarities with extracellular recorded action potentials, often called spikes. Thus we started to adopt our spike sorting algorithm to ECG recordings and tested it with simulated and real ECG recordings.
Preliminary results show, that a “spike sorting” of single ECG signals is possible, i.e. a sorting of P-waves, QRScomplexes, and T-waves. The clustering results indicate, that a differentiation between normal and anomalous P-waves,
QRS-complexes and T-waves is possible. However, this differentiation depends critically on the k-means adjustment,
i.e. number of classes and initial placement of centroids.
We have adopted a spike sorting algorithm in order to analyze ECG. The results give some hints to optimize the adaptation. Statistical evaluation and the analysis of “multichannel ECG sorting” will be future activities.
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Cross-Correlation based comparison between the conventional 12-lead ECG and
an EASI derived 12-lead ECG
Melanie Holderith, IBMT, FB Life Science Engineering (LSE), Technische Hochschule Mittelhessen (THM), 35390
Gießen, Germany, melanie.ariane.holderith@lse.thm.de
Thomas Schanze, IBMT, FB Life Science Engineering (LSE), Technische Hochschule Mittelhessen (THM), 35390 Gießen, Germany, thomas.schanze@lse.thm.de
The 12-channel ECG is an important tool used for the diagnosis and treatment of various cardiac and other related diseases. The recording procedure requires the exact placement of 10 electrodes on the patients, because incorrect placement
can lead to improper signals and, consequently, to false diagnoses. In addition, the placement of 10 electrodes is time
consuming, often interferes with clinical processes, and is less patient-friendly. One possible solution could be the usage
of a vector-based, 5-electrode, 12-lead monitoring ECG system (EASI).
The aim of this work is to establish a quantitative comparison between the conventional 12-lead ECG and an EASI ECG
by cross-correlating signals of the same type.
For this purpose, we used a conventional 12-lead ECG device, Schwarzer Cardiotek GmbH; and an EASI device,
Schwarzer Cardiotek GmbH. All instruments were made available by the company CRS medical GmbH. Both devices
were simultaneously connected to an informed, healthy volunteer and signals were recorded under resting conditions.
Cross-correlation functions were calculated and analysed by using Matlab R2015a between the same original and filtered
signal types, e.g. conventional and EASI lead I. Time lags between the recordings were compensated adequately. All
signals, up to two conventional signals, were of high quality. We found a high degree of correlations between 10 of 12
leads (r > 0.9). However, the conventional recording system is more sensible to artifacts, muscle activities and noise, very
likely due to its more complex electrode configuration and larger electrical sensing area. A visual inspection of the conventional and EASI time courses by an expert also indicated that EASI is useful in clinical practice.
We compared a conventional 12-lead ECG with an EASI ECG by signal correlations. The results indicate that EASI is
well suited for cardiologic routine: simplified electrode placement and reasonable signal quality. However, additional
investigations are required, especially to test EASI for diagnostic purposes and with more sophisticated statistical methods.
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Capacitive ultra-low power ECG measurement system for intelligent clothes
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Measuring the ECG is a common diagnostic procedure since many years. Conventionally Ag/AgCl electrodes
such as dry electrodes are used. Even beyond clinical environments ECG monitoring gets more and more
important. Therefore, comfort and mobility are important aspects especially for long time measurements in home
care, lifestyle and fitness. This can be achieved by using capacitive electrodes without skin contact. That is why
capacitive ECG is already in focus of several research projects. The aim of this project is to design and build a
circuit for capacitive ECG measurement for ultra-low power application in Body Area Networks (BAN). For
this, two active capacitive sensors are placed on the chest of the subject over the Shirt. A bias path is used to
reduce the static charge of the copper sensor plate which is a big challenge in capacitive sensing. The filter- and
data-acquisition circuit is mounted on a chest belt or could be integrated in intelligent clothes in a further step.
An ultra-low power microcontroller is used for signal preprocessing and heart rate detection. Additionally, a
Driven Right Leg (DRL) circuit is implemented to improve the signal quality.
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Differences between muscle control of computational musculoskeletal models
and healthy children during elbow flexion and extension movements
Alberto-Isaac Perez-Sanpablo, Human Motion Analysis Lab, Mexican National Institute of Rehabilitation/Automatic
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Catherine Disselhorst-Klug, Rehabilitation and Prevention Engineering, RWTH-Aachen University, Aachen, Germany,
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Juan-Manuel Ibarra-Zannatha, Automatic Control Department, CINVESTAV, Mexico City, Mexico, jibarra@cinvesvtav.mx
The aim of the study is to explore the usefulness of computational musculoskeletal models (CMM) to investigate muscle control for the design and control of assistive devices based on myoelectric control. Muscle control obtained from a
CMM was compared to muscle control obtained by surface electromyography (sEMG) on a sample of healthy subjects
during the performance of elbow flex-extension movements. CMM used was MoBL ARMS which is an upper limb reference model implemented on OpenSim. Muscle control profiles were obtained by using opensim computed muscle
control tool (CMC) and a synthetic elbow kinematics signal corresponding to elbow flexion-extension from 0° to 130 °
at 5 different velocities (from 16.25°/s to 520°/s). Surface electromyography was obtained from biceps brachii, brachioradialis, triceps medialis and triceps lateralis of 9 healthy children (age range from 6-13 years old) during dynamic
flexion-extension movements at four velocities (from 30°/s to 100°/s) using a pulley machine to impose two constant
loads against flexion and extension. Elbow kinematics was measured by using an electrogoniometer. Measuring protocol was approved by institutional ethics and research committee. Elbow velocity was calculated as the gradient of elbow
position. Surface electromyographic signals were bandpass filtered, rectified, smoothed and normalized to obtain muscle activation profiles. Muscle control of CMM was low-pass filtered. Muscular activation of each muscle during concentric and eccentric contractions were divided into ten joint angle categories (0°-130°) and ten joint angular velocity
categories (0°/s -800°/s) based on elbow kinematic data. Differences between CMM and sEMG categorized muscle activation were analyzed by a Wilcoxon test. Significant differences were observed for al muscles at both loads and both
types of contraction (p<0.01). In general muscle activity registered by sEMG was bigger. Differences could be a consequence of kinetics and kinematics differences of real movements or the lack of anticipatory muscle control in CMC. Research support CONACyT-BMBF-FONCICYT-267734.
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Optimisation of enzyme cascades for the in vitro synthesis of hyaluronic
acid
Johannes Gottschalk, Laboratory for Biomaterials, Institute for Biotechnology and Helmholtz-Institute for
Biomedical Engineering, RWTH Aachen University, Pauwelsstrasse 20, D-52074 Aachen, Germany,
j.gottschalk@biotec.rwth-aachen.de
Anna Eisele, Laboratory for Biomaterials, Institute for Biotechnology and Helmholtz-Institute for Biomedical
Engineering, RWTH Aachen University, Pauwelsstrasse 20, D-52074 Aachen, Germany
Lothar Elling, Laboratory for Biomaterials, Institute for Biotechnology and Helmholtz-Institute for Biomedical
Engineering, RWTH Aachen University, Pauwelsstrasse 20, D-52074 Aachen, Germany
Hyaluronan (HA) is a linear glycosaminoglycan composed of β1,4-Glucuronic acid (GlcA) and
β1,3-N-Acetylglucosamine (GlcNAc) with a molecular mass up to 7 MDa. As polyanion, HA binds huge
amounts of water resulting in visco-elastic gel properties. These features make the non-immunogenic HA useful
for medical and cosmetic applications, but the quality of HA is determined by two characteristics: molecular
weight and polydispersity. With current industrial processes the regulation of both features is still challenging.
Our project aims at the development of a cell-free process for production of monodisperse HA with a molar mass
of >2 MDa. HA is synthesized by the combination of enzyme modules including enzyme cascades for the
synthesis of the UDP-sugar substrates from GlcA and GlcNAc and Hyaluronan synthase from Pasteurella
multocida (PmHAS). Reaction parameters for all enzyme cascades are optimized by high-throughput analysis
with multiplexed capillary electrophoresis.
We here present the optimised enzyme module for the synthesis of UDP-GlcA, containing a glucuronic acid
kinase (AtGlcAK), a UDP-sugar Pyrophosphorylase (AtUSP) from Arabidopsis thaliana and a pyrophosphatase
(PmPpA) from Pasturella multocida. With optimal reactions conditions over 80 % yield for UDP-GlcA could be
reached by the three-enzyme cascade after 1h. We already established the enzyme module for UDP-GlcNAc
synthesis. Work is in progress to combine both enzyme modules and to provide the two important intermediates
UDP-GlcA and UDP-GlcNAc. The next step is the production of HA in a defined size by optimised
UDP-GlcA/UDP-GlcNAc and cofactor combinations.
Funded by the KMU-Innovative project 031B0104B from the German federal ministry of education and research
(BMBF)
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Targeting Galectins - From molecular ligand design to theranostic anticancer agents
Dominic Laaf,1 Pavla Bojarová,2 Thomas Fischöder,1 Hanna Steffens,1 Helena Pelantová,2 Hao Zhang,3 Roland
Pieters,3 Vladimír Ken2 and Lothar Elling1
1
Laboratory for Biomaterials, Institute for Biotechnology and Helmholtz Institute for Biomedical Engineering,
RWTH Aachen University, Pauwelsstrasse 20, 52074 Aachen, Germany
2
Institute of Microbiology, Academy of Sciences of the Czech Republic, Vídeská 1083, Prague 4, CZ 14220,
Czech Republic
3
Department of Chemical Biology & Drug Discovery, Utrecht Institute for Pharmaceutical Sciences, Utrecht
University, Universiteitsweg 99, 3584 CG Utrecht, The Netherlands
The sugar proportion of glycoproteins or glycolipids modulate their physicochemical properties (e.g. folding,
stability) and represent the site for reversible docking of (ga)lectins, as known carbohydrate binders. This noncovalent glycan-lectin interaction and excitation of superior events (cellular communication) can figuratively be
described as decoding process of the ‘sugar code’.1
Especially galectin-3 (Gal-3) is involved in cross-linking glycans on cell membranes and/or extracellular matrix
components maintaining cellular homeostasis. However, severe changes in glycosylation and galectin expression
during cancerogenesis lead to tumor immune escape, angiogenesis, metastasis and invasion. Hence, there is no
doubt about using Gal-3 as cancer biomarker (diagnostic) and druggable target (therapeutic).
In this regard, we provide engineered nature-like glycoconjugates for biomedical and theranostic applications.
Approved biological carriers present monovalent sugar oligomers or glycomimetics in a multivalent manner to
trap and inactivate Gal-3 from human blood serum. By using enzymes, we exploit the unbeatable advantage of
cascade, telescoping and one-pot reactions allowing the in vitro production of complex glycans without
intermittent purifications and (de)protection chemistry. By molecular design, we have developed and evaluated
most suitable candidates for the selective attraction of Gal-3. The pioneered structures are currently investigated
as angiogenesis inhibitors in cell culture to further elucidate their potential in cancer-related biomedicine.2-7
References:
[1] Cecioni, S., Imberty, A., and Vidal, S. (2015), Chem. Rev. 115, 525-561.
[2] Bumba, L., Laaf, D., Spiwok, V., Elling, L., Ken, V., and Bojarová, P. (2018), Int. J. Mol. Sci. 19, 372,
DOI:310.3390/ijms19020372.
[3] Fischöder, T., Laaf, D., Dey, C., and Elling, L. (2017), Molecules 22, DOI: 10.3390/molecules22081320.
[4] Laaf, D., Bojarová, P., Mikulová, B., Pelantová, H., Ken, V., and Elling, L. (2017) Two-Step Enzymatic,
Adv. Synth. Catal. 359, 2101-2108.
[5] Laaf, D., Bojarová, P., Pelantová, H., Ken, V., and Elling, L. (2017), Bioconjugate Chem. 28, 2832-2840.
[6] Laaf, D., Steffens, H., Pelantová, H., Bojarová, P., Ken, V., and Elling, L. (2017), Adv. Synth. Catal. 359,
4015-4024.
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Enhancing haptic feedback of subsurfaces during needle insertion
S.-T. Antoni, antoni@tuhh.de
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All authors are with the Institute of Medical Technology, Hamburg University of Technology, Hamburg, Germany
Haptic feedback can be helpful for accurate needle insertion but is complicated by friction on the needle shaft. Concepts
to directly measure the forces at the needle tip exist but cause additional cost and complexity. Moreover, haptic devices
may show inaccuracies in recreating forces. We present a novel force feedback method that uses needle shaft forces and
enhances haptic feedback of subsurfaces based on robotic ultrasound elastography. This approach allows to overcome
accuracy limitations of haptic devices. We evaluate our method in a volunteer subject study using recordings from a robotic needle driver setup. We compare haptic feedback based on shaft and enhanced force for the detection of surfaces
inside of gelatin phantoms. Using our method, the error of subsurface detection decreased from more than 16 to about
1.7 mm for the first subsurface. A second subsurface was solely detectable using our method with an error of only 1.4
mm. Insertion time decreased by more than 32%. The results indicate that our enhanced sensor is suitable to detect subsurfaces for untrained subjects using a haptic feedback device of limited accuracy.
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Histological Image Processing for the Assessment of Tissue Engineered Cartilage
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In a recently developed perfusion bioreactor, human nasal septum chondrocytes were seeded on decellularized porcine
collagen scaffolds and cultivated for 6 weeks. Afterwards the samples were stained with alcian blue and multiple histological microscope images were taken to assess the migration of the human cells and their redifferentiation. These images are usually evaluated by human experts. However, results are difficult to quantify and differences between experts
may occur. Therefore, a software is desired that automatically and reproducibly evaluates these images.
In this paper, we propose an image processing algorithm to objectively quantify the cultivation results. After performing
a white balance, the algorithm segments pellet and scaffold. Afterwards lacunae and cell nuclei are detected. For the lacunae size, position and orientation is calculated. For the cell nuclei, position and migration depth is provided. To evaluate performance of the detection algorithms, sensitivity and precision are calculated using manually-labeled data over
50 images of cells and lacunae. White balance, pellet detection, and the lacunae orientation were also evaluated.
The proposed method demonstrates acceptable level of precision (83%) and sensitivity (86%) for the detection of lacunae. The detection of cell nuclei has a reasonable precision (73%), but the level of sensitivity (42%) should be further
improved.

