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The design and manufacture of individual, synthetic replacement tissues represents a
major challenge in biomedical research. Extrusion-based additive manufacturing
methods open up new possibilities for arranging biomaterials (e.g. calcium phosphate
cements, biopolymer-based hydrogels) according to an individual design, using data
generated from clinical images such as computer tomographic images. Current
research activities focus on the development of individual biodegradable scaffolds
and the establishment of automated process chains for model generation.
The example of the knee joint is used to illustrate the patient-specific replacement of
damaged bone and cartilage tissue with structures consisting of several components.
The procedure for data and model preparation from MRI data is shown. A new
method of direct use of imaging data in the modelling tool (CAD system) is applied.
The advantage of this method is the consideration and specific presentation of all
information from imaging during the design process, which would otherwise be lost in
the current practice of segmentation, model creation and reverse engineering.
The individual model data is then prepared for multi-component printing. For this
purpose, specially developed software methods and algorithms for path generation
and for processing pasty materials are used. Finally, the local replacement structure
is manufactured from bone cement (CPC), which replaces the area of bone, and a
hydrogel, which covers the area of cartilage to be replaced.
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The influence of strut-connectors in coronary stents: A comparison of numerical simulations and µPIV measurements
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Introduction
Despite the continuous development of coronary stents, there are still clinical complications such as thrombosis or in-stent restenosis. It has already been demonstrated that there is a correlation between the hemodynamics after stent im-plantation and these negative biological reactions. A stent can create recirculation areas
that are believed to be the cause of these clinical complications. In these critical areas, low velocities and low
wall shear stress (τw<0.5 Pa) occour. Most of these studies focus on the design of the stent struts, but it is also
important to consider the stent strut connectors to evaluate the stent design.

Methods
In order to make predictions for the optimization of future stent designs, mathematical flow simulations were
performed. The focus of the simulations was on the influence of stent strut connectors on the flow pattern.
Therefore stents with different types of strut-connectors were investigated: a straigt connector, a round connector and a flex connector. The numerical flow simulations were performed with ANSYS fluent 18.2. To verify
these numerical results, experimental studies using micro-particle image velocimetry (µPIV) were conducted.

Results
The simulations showed that a reduction of the critical areas is possible by using a suitable connection design.
It could be shown that the alignment with the main flow of the connectors influences the hemodynamic parameters. Therefore the straight connector show the smallest recirculation areas. The PIV measurements correlated well with the numerical simulations.

Conclusion
To evaluate the influence of different designs of the strut-connectors, different strut-connectors were investigated. The connectors are an essential part of a stent design as they hold the stent together and stabilize it. It
could be shown that the orientation in the main stream of the connectors influences the size and number of
recirculation zones. Therefore from a fluid mechanic point of view, the straight connector showed the fewest
recirculation areas. However, mechanical flexibility must also be taken into account when designing the entire
stent.
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Josephine Wittmüß (University medicine Rostock, Traumatology department), 18057 Rostock, Schillingallee
35, e-mail: josephine.wittmuess@uni-rostock.de
Niels Grabow (University medicine Rostock, Institute for Biomedical Engineering), F.- Barnewitz-Str. 4,
18119 Rostock, e-mail: niels.grabow@uni-rostock.de
Thomas Mittlmeier (University medicine Rostock, Traumatology department), 18057 Rostock, Schillingallee
35, e-mail: thomas.mittlmeier@med.uni-rostock.de
The investigation of matching of prosthesis tibial components to the bone cross section is of interest for the
manufacturer as well as for the surgeon. On the one hand, a systemic design of the prosthesis and the assortment is possible, on the other hand, a better matching implantation is possible on the basis of experience
of this study.
CT sections of the ankle joint of 436 patients were segmented manually using a CAD system and fitted by
spline functions, then superseded with cross sections of the tibial component of a modified Hintermann H3
prosthesis.
The principal moments of inertia, the direction of the principal axes and the area of the section were evaluated. Based on the relative differences of the principal moments of inertia, recommendations for application of
the different prosthesis size and its selection with the surgery can be made.
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Introduction
This study evaluates the effect of ring-shaped microstructures on the rheological properties of a synovial fluid substitute
for endoprostheses. It is known that severe wear and aseptic loosening caused by wear particles are the main reasons to
result in failure of such implants. The lubrication of articulating joint interfaces play a key role in the wear process. To
reduce wear process, different approaches like the modification of the implant surface can be carried out. Studies have
found that laser textured surfaces can improve the lubrication performance significantly. By applying microstructures,
the synovia fluid between the joint can exhibit an increase in viscosity, leading to better lubrication and therefore lower
wear. The objective of this study was to evaluate different ring-like microstructures and the resulting flow properties of a
joint fluid substitute.

Methods
Two different material groups, a medical grade CoCrMo alloy and AlO3 ceramic were used for measurements.
Seven different ring-like microstructures were applied to the specimens. Variations in the ring-like microstructures were
carried out by changing the aspect ratio as well as the texture area density.
Microstructuring was carried out with a femtosecond fiber laser of the type TruMicro 5050 Femto.
A synovia fluid substitute was developed consisting of fetal calf serum and enriched with hyaluronic acid in order to
resemble the fluid properties of healthy human synovia fluid.

Results
The results show that an increase in the viscosity of the synovia fluid substitute can be achieved by microstructuring. An
increase of viscosity of up to 40%, compared to an unstructured reference, was observed with ring-shaped microstructures
with a diameter of 100 µm, a texture area density of 10% and an aspect ratio of 0.66.

Conclusion
This study has established a methodical foundation to investigate the lubricating effect of microstructures on implant
surfaces by measuring the viscosity and hence its corresponding lubrication properties. Microstructuring has increased
the viscosity of the synovial fluid substitute significantly. However, investigations on the wear behavior of the actual
components need to be carried out to better understand the impact of microstructures on the lubrication of joint prostheses.
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Introduction
Polyetheretherketone (PEEK) is a popular implant material, due to its bio- and its biomechanical compatibility. It has several advantages compared to titanium, e.g. an elastic modulus comparable to human bone.
However, the osteogenic properties of PEEK are rather poor, due to its bioinertness. An improvement of the
osteogenic properties can be achieved by deposition of Ti or TiO2 thin films. Adhesion of these coatings is
crucial because of wear debris during implantation. In our approach, TiO2 is deposited by plasma enhanced
atomic layer deposition (PE-ALD) after oxygen plasma treatment. ALD shows no shadowing effects, thus
avoiding non-coated areas.

Methods
The faces of PEEK rods were either grit blasted or polished. Thereafter ultrasonic cleaning in acetone, isopropanol and DI-water was performed. TiO2 films with a thickness of 50 nm were deposited with PE-ALD after
plasma-treatment of the PEEK substrate in an ALD reactor (myplas ALD from Plasma Electronic GmbH).
Contact angle measurements of uncoated PEEK substrates after plasma-pretreatment with different plasma
parameters were performed with the sessile drop method. The adhesion of the TiO2 film on coated PEEK
samples was determined with a tensile testing machine in accordance to ASTM F 1147.

Results
The water contact angle depends on the oxygen plasma pre-treament duration and the used power of the RFgenerator. First results have shown, that TiO2 coating after 150 W RF power and 20 sccm O2 gas flow for 5
minutes led to a tensile strength of 19.2 ± 2.3 MPa. This is slightly lower than the specification of the food and
drug
administration
(FDA): 22 MPa. Additional tensile strengths with different plasma parameters were measured and compared.

Conclusion
The surface properties of PEEK after plasma treatment are dependent on the plasma parameters. The influence of different plasma parameters on adhesion could be determined, and optimal parameters could be defined.
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Introduction
Venepuncture is one of the most common invasive procedures performed in healthcare, however, complications still arise. Currently, the venepuncture phantoms used to train clinicians do not accurately represent the
mechanical and geometric properties of typical venepuncture sites. Furthermore, these phantoms are not sufficient to evaluate new venepuncture apparatus. This work investigates developing a venepuncture phantom
which more accurately imitates the mechanical properties and geometry of a venepuncture site.

Methods
Literature is reviewed in regard to the geometric and mechanical properties of tissue layers of typical venepuncture sites for infant, adult, and elderly patients. Various materials are assessed for the imitation of tissue
layers and tested by indentation tests to evaluate their elastic behaviour. The various layers are then combined
together through an injecting molding process to create a final venepuncture phantom. The final phantom’s
properties are compared to that found in prior forearm in-vivo indentation studies.

Results
Silicone was found to be the most suitable material to replicate all of the tissue layer properties required.
Indentation tests of epidermal, dermal, subcutaneous fat, and muscle intimating silicone was shown to match
the Young’s modulus’s found in literature. The four layers and blood vessels were successfully formed together
through an injection molding process with a geometry and structure matching literature. The overall phantom
was found to be stiffer (E = 76 kPa) than that reported in in-vivo indentation tests of prior studies (E = 1020 kPa).

Conclusion
A venepuncture phantom which more accurately matches mechanical and geometric values reported in literature was successfully manufactured. Indentation tests showed the individual layers to exhibit elastic behaviour similar to human tissue. However, the overall phantom was found to be stiffer than the results reported in
prior in-vivo indentation studies. Future work will focus on qualitative analysis of the phantom with clinicians
and improving the overall phantom mechanical properties.
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Introduction
Photopolymerizing, high-resolution 3D printing methods such as Stereolithography (SLA) or Digital Light
Processing (DLP), as utilized in this study, are very promising for the manufacturing of drug-incorporated, patient specific implants. However, a high-dose drug-load may be limited by adequately solubility of the active
pharmaceutical ingredient (API) in the photopolymer. Furthermore, a drug-load may affect the mechanical
strength of the material negatively. Here, we investigate the DLP 3D printing of drug-incorporated Polyethylene glycol diacrylate (PEGDA) based photopolymer containing the active pharmaceutical ingredient (API)
Dexamethasone (DEX). Compressive properties, drug release and drug stability of DLP 3D printed samples
are analyzed.

Methods
DEX was solved in a PEGDA (Mn = 700 g/mol) based photopolymer composition containing 30% w/w of water; 0,7% w/w of photoinitiator (Lithium phenyl-2,4,6-trimethylbenzoylphosphinate) (LAP) and 0,7% w/w of
photoabsorber Orange G. DEX concentrations of 10 g/L and 20 g/L were used. Samples for the analysis of
compressive properties, drug release and drug stability were manufactured via DLP (VIDA device, Envisiontec, Germany) with and without utilizing a post-curing process (5 min in UV Light curing box, Envisiontec,
Germany).

Results
DEX was found to be sparingly soluble in the PEGDA based photopolymer. Not all drug particles can be dissolved at a concentration of 20 g/L and a slurry is formed. PEGDA-DEX-compositions of 10 g/L (solution)
and 20 g/L (slurry) can be processed via DLP. The higher the drug-load, the lower the compressive strength.
The post-curing process improves compressive properties. The drug-release is rapid. The post-curing process does not affect drug-release. DEX degrades in 3D-printed test samples significantly (~ 30 %) over a
several days time period.

Conclusion
A slurry of homogenously suspended drug particles in PEGDA based photopolymer has been 3D printed via
DLP successfully. This enables a drug-load above the solubility limit of the API. The mechanical strength is
reduced by drug-load. A post-curing process is effective for increasing mechanical strength but may not affect drug release.

Abstracts – BMT 2020 – Leipzig, September 29 – October 1 • DOI 10.1515/bmt-2020-6@@@
Biomed. Eng.-Biomed. Tech. 2020; 65(s1): S@@@–S@@@ • © by Walter de Gruyter • Berlin • Boston

S198

Cell-derived Extracellular Matrix as maintaining Biomaterial for adipogenic differentiation
Svenja Nellinger, Reutlingen Research Institute, Reutlingen, Germany, svenja.nellinger@reutlingenuniversity.de
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The extracellular matrix (ECM) represents the natural environment of the cells in an organism, and therefore
represents the ideal biomaterial for tissue engineering. ECM from different tissue exhibit different composition
and physical characteristics. ECM provides not only physical support bat also initiates crucial biochemical
signals that influence cell adhesion, morphology, proliferation and differentiation. Next to native ECM from
mature tissue, ECM can also be obtained from the in vitro culture of cells In this study we aimed to highlight
the supporting effect of cell-derived- ECM (cdECM) on adipogenic differentiation. ASCs were seeded on top
of cdECM from ASCs (scdECM) or pre-adipocytes (acdECM). Influence of cellular activity was determined by
LDH assay, WST I assay and BrdU assay. Supporting effect of cdECM substrates was determined by oil red
O staining and quantification. Results revealed no effect of cdECM substrates on cellular activity. Regarding
adipogenic differentiation a supporting effect of cdECM substrates can be found compared to control. Therefore we demonstrated the promising effect of cdECM as a biomaterial for adipose tissue engineering.
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Introduction
So far, no heart valve prosthesis is exactely reproducing the histologic structure of the human original. The
aim ot this study was to develop a new bio-mimicking multi-layered heart valve prosthesis.

Methods
First, different 3D-printing and electrospinning materials were assessed for their biocompatibility Additionally,
different leaflet geometries have been investigated and digitally optimized in terms of coaptation and strain.
Thereafter, a phantom of the optimized leaflet geometry was 3D-printed with an electrically conductive polylactic acid polymer. This leaflet phantom was used as a collector for electrospinning. In a modified electrospinning process, multi-layered polyurethane heart valve leaflets were produced. Each layer should show specific fiber morphologies and mechanical properties. Scaffolds were assessed by scanning electron microscopy
as well as wear and tensile testing. Furthermore, scaffolds were seeded with human endothelial cells and
fibroblasts to assess biocompatibility and ingrowth behaviour. Finally, three leaflets were sewed into a
stentframe to produce a heart valve prosthesis. An in-house developed pulseduplicator system was used for
assessement of prosthesis function.

Results
Biocompatibility assessment showed high variations and revealed high cytotoxicity for some 3D-printing materials. However, 3D-priniting of a leaflet phantom, using a biocompatible material was possible. This phantom
was successfully used as an electrospinning collector. By modification of the electrospinning process, a threelayered scaffold was produced. Top- and bottom-layer showed strong fiber alignment and high mechanical
strength. The middle-layer appeared as a porous and randomly orientated fiber network. After cell seeding,
good cell adhesion as well as ingrowth and proliferation were observed. Manufacturing of a functional, threeleaflet heart valve prosthesis was possible. In-vitro assessment showed good flow characteristics and a adequate prosthesis function.

Conclusion
It was possible to produce a bio-mimicking electrospun heart valve by a new and innovative production process. Bio-mechanical assessment as well as in-vitro performance showed convincing results.
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Niels Grabow, Wolfram Schmidt*

Multi-channel impedance analyzer for automated testing of networks and biomaterials
Abstract: Impedance spectroscopy represents a basic oper-

ating principle for biomedical sensors, bioimpedance spectroscopy, electrochemical analyses and for characterization of
functional biomaterials. For automated long-term investigations, an impedance analyzer for multi-channel testing of
up to eight passive two-pole networks is presented in this
paper. Its operating system is application-specific adapted to
the required test functionalities and measuring ranges. Measurements are based on a commercially available integrated
impedance converter circuit. Our current analyzer setup is
capable of measuring impedance values from 50 kΩ up to
10 MΩ with automated range selection for most accurate
results. The impedance under test is excited with a single
frequency of 1 kHz. An impedance accuracy of 1.5 % was
determined in reference measurements. The presented
impedance analyzer is a low cost system ready for use particularly in long-term characterization of dielectric networks,
such as material properties, with multiple samples.
Keywords: impedance, dielectric, automated, analyzer
https://doi.org/10.1515/cdbme-2019-XXXX

1

Introduction

Impedance spectroscopy represents a standard method used
for the determination of electrical components and circuit
networks. Apart from electrical engineering, impedance
technique has a wide range of applications, e.g. in the field of
biomedical engineering as basic operating principle for biomedical sensors, bioimpedance spectroscopy, electrochem______
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ical analyses and for characterization of functional biomaterials. Impedance analyzers are also used to measure the
frequency dependent impedance and phase of these special
electrical networks, exhibiting dielectric behavior. Based on
equivalent circuit models, impedance parameters, such as
conductivity and capacitance, are calculated from measured
impedance values.
Our developed multi-channel impedance analyzer allows
for monitoring and evaluating long-term effects of dielectric
networks or materials. Up to eight passive two-pole networks
can be measured successively with short delay times, quasi in
parallel. This large number of channels allows us increasing
throughput as well as varying different application-specific
test parameters at the same time. The impedance of a network
is determined by excitation with a known frequency. For
efficient long-term investigations, we reduce impedance data
recording to a fixed single frequency value. This characteristic frequency point is determined from previous application-specific spectroscopy tests with frequency sweeps. The
impedance under test (IUT) is currently excited with a
frequency of 1 kHz.

2
2.1

Material and methods
Impedance analyzer

The multi-channel impedance analyzer mainly consists of up
to eight application-specific configured headstages connected
to a control unit, see Figure 1.

10 mm

Figure 1: Multi-channel impedance analyzer (front view) with
three connected headstages. Headstage #2 is operated.

Each headstage includes high-sensitive front-end electronics
for wide range impedance measurements from 50 kΩ to
10 MΩ, located as close as possible to the IUT for optimal
signal-to-noise ratio (SNR). The IUT is excited with a sinus-

Abstracts – BMT 2020 – Leipzig, September 29 – October 1 • DOI 10.1515/bmt-2020-6@@@
Biomed. Eng.-Biomed. Tech. 2020; 65(s1): S@@@–S@@@ • © by Walter de Gruyter • Berlin • Boston

oidal 1 kHz excitation signal. Calibration settings, excitation
voltage amplitude as well as IUT signal amplification are
automatically selected by the control unit, for most accurate
results. Headstages and control unit are mixed signal designs
that consist of sophisticated analog and digital electronics.

2.2

Headstage

Impedance measurements are based on the commercially
available integrated impedance converter circuit AD5933
(Analog Devices Inc., USA) with integrated excitation voltage generator and signal processing, advanced with external
circuitry including calibration, IUT signal amplification and
range selection, see Figure 2 A [1]. The IUT is connected to
the buffered excitation voltage and to the input stage of a
transimpedance amplifier (TIA) [2, 3]. The TIA converts the
sensitive current response signal from the IUT into amplified
voltage for signal processing. An integrated digital signal
processor (DSP) processes the sampled response signal with
discrete Fourier transform to generate the real and imaginary
components [2]. After measuring, the headstage sends a
digital representation of the real and imaginary part to the
control unit for calculating the actual impedance values. To
achieve best flexibility, all headstages are star-shaped
connected to the digital control unit via 2 m multi-core
cables, as suggested in Figure 3 A.

A

IUT

+

~
excitation
voltage

gain

calibration

transimpedance
amplifier (TIA)

B

10 mm

signal
processing
IUT

headstage

Figure 2: Headstage circuitry for impedance measurements.
A: Simplified circuit diagram. B: Fully equipped headstage PCB.

Headstage electronics are single-sided assembled on a smallsize printed circuit board (PCB) without housing for simple
application integration, see Figure 2 B. We use rail-to-rail
amplifiers featuring very low offset voltage, low input bias,
low input noise, and wide signal bandwidth for maximum
TIA gain as well as for excitation voltage buffering, required
for increasing SNR. The measuring sequence always provides maximum allowed response signals, due to the out-ofrange detection based on two TIA output voltage thresholds.
Four amplitude levels are software selectable for excitation,
see Table 1. For applications, such as electrochemical
analyses, the excitation voltage may have to be limited due to
electrolysis or other undesirable electrode processes. In
addition, care must be taken, because the IUT is biased to
2.5 V, due to virtual grounding. The programmable two-stage
TIA gain is configured with a reed relay in the feedback, see
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Figure 2. The resulting TIA gain factor is determined during
calibration. Therefore, no precision resistors are required in
this circuit part. The active TIA output signal is multiplexed
to a BNC connection on the rear panel of the control unit for
connecting to a data logger or an oscilloscope. An EEPROM
is used to store the headstage configuration and calibration
settings, as listed in Table 1. TIA gain and calibration are
currently optimized for application-specific IUT near 0.5 MΩ
and 2 MΩ. The control unit reads this information prior to
each measurement, so that it is possible to operate in parallel
with differently configured headstages.
Table 1: Range selection, optimized for 0.5 MΩ and 2 MΩ. Out-ofrange detection: TIA output voltage thresholds: <0.2 V and >4.8 V.
Range selection 1
Excitation
voltage (p-p) [V]

2

3 1.47

3

4

5

0.58

0.3

3

6

7

8

1.47 0.58 0.3

Application-specific optimized for IUT near 0.5 MΩ and 2 MΩ
TIA gain [MΩ]

2.02

0.51

Calibration
resistor [MΩ]

2

0.51

Upper limit [MΩ]

10 <1.32 <0.65 <0.26 0.5 <0.33 <0.16 <0.06

Lower limit [MΩ] 1.32 0.65

2.3

0.26

0.13 0.33 0.16 0.06 0.03

Control unit

Operating system and measuring sequence are controlled by
an Arduino Uno Rev3 microprocessor development board
(Arduino LLC, USA), implemented on a developed PCB in
the control unit. I²C bus communication is used for interfacing almost all peripheral circuits to the development
board, including port expander, real-time clock, microSD
memory card module and all headstages. The control unit is
mounted in a shielded metal case, providing electrical
connectors for eight headstages on the front panel, see
Figure 1. Nearby LEDs indicate the currently operated headstage. A connection monitor recognizes open headstage
channels. These channels are skipped in the measuring
sequence and a comment is stored in the impedance data. On
the rear panel, the control unit is equipped with an USB
interface for application-specific adaption of the operating
system and measuring sequence. Starting with the first headstage (#1) the measuring sequence is triggered by using an
external digital start signal, see Figure 3B. We are using a
programmable interval timer for generating a periodically
repeated start signal for long-term measurements. In addition,
the timer features a button for manual triggering. The un-
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known IUT from all connected headstages are successively
determined, comprising initialization, calibration, impedance
measuring and if necessary the adaption of excitation voltage,
TIA gain or calibration resistor, due to range selection and
out-of-range detection, see Figure 3 B.

an Arduino MICRO microprocessor board due to timing and
interrupt restrictions.

A headstage

Data analysis is performed offline from stored impedance
values, as illustrated in Figures 3 A. Impedance data are
semicolon-separated stored in kiloohms (kΩ) in a text file
(*.CSV) on a microSD memory card, see Figure 1. After
calibration, five impedance measuring points are sampled,
used for online calculation of their mean and relative error.
Each line of the 30 MB delimited CSV file contains data
records (mean and measuring points) from all headstages
with corresponding time stamp and a short status report.
Time stamps are generated by an integrated real-time clock
with long-term battery backup. Our filtering strategy is based
on the elimination of noise sources. Therefore, the estimated
error is taken into account for data analysis as an index for
measurement quality. Experiences have shown that even
minor deviations indicate noise coupling due to electromagnetic fields. Relative errors that exceed the threshold value of
0.5 % are indicated in the status report. The status report also
documents successful measurements, out-of-range warnings
and disconnected headstages.

#1

IUT

…

#2

#8

START

control unit
operating
system for
IUT measuring
sequence
(headstage
#1 to #8)

manually
or automatically

B

external
signals

START signal
#1

initialization

TIA gain

IUT measuring

calibration

out-of-range?

excitation

NO

microSD
data storage
*.CSV

data
analysis

range select

calibration

YES

next headstage?
NO

offline

YES

headstage #1 to #8

STOP & data storage

Figure 3: Multi-channel impedance measurements. A: Simplified
bloc diagram of the impedance analyzer. B: Simplified flow chart
of the measuring sequence.

2.4

Applied technologies

2.4.1

Calibration

Automatically performed by the operating system, calibration
is an essential part of the measuring sequence. Prior to any
measurement, the system must be calibrated for a particular
impedance range with a known calibration resistor by calculating the system gain factor, see Table 1 and Figure 3 B.
Two selectable precision resistors are integrated per headstage, as shown in Figure 2 A. High isolation reed relays are
used for configuring calibration setting and disconnecting the
IUT while calibration. Calibration resistor values should be
selected application-specific to get most accurate measuring
results. Furthermore, it is necessary to recalibrate the system
after changing excitation voltage or TIA gain.
2.4.2

Out-of-range detection

Unknown IUT can have impedance values exceeding permissible measuring ranges. The out-of-range detection identifies
low impedance values, if TIA voltage output exceeds one of
two dynamic range thresholds <0.2 V and >4.8 V. This would
result in an incorrect analog-to-digital conversion in the
signal processing stage in Figure 2 A, because the short
peaks of the sinusoidal signal are cut off. If low impedance
values are detected by the control unit, excitation voltage,
TIA gain and calibration resistor are gradually reduced for a
new measurement, considering the automated range selection
combinations in Table 1. Impedance values below the lowest
limit in Table 1 remain invalid and a comment is written into
the impedance data. Out-of-range detection is outsourced to

2.4.3

2.4.4

Data analysis

Shielding and grounding

Special environments require special shielding and grounding
strategies. We prefer the use of Faraday cages to block
electromagnetic signals to the IUT and headstages. Therefore, the control unit is galvanically isolated to the headstages
and all external control signals. In addition, the mixed-signal
design of the analyzer is divided into analog and digital parts
with separated supply voltages and floating grounds. The rear
panel is equipped with several ground sockets allowing a
flexible grounding concept for optimum SNR, including
connections to potential earth and faraday cages.

3
3.1

Results
Comparative measurements

Comparative measurements with known IUT components
(resistors, capacitors and mixed RC networks) were obtained
for impedance analyzer accuracy verification. The analyzer
was equipped as described in Table 1, measuring three IUT
in parallel. Measuring sequences were started with a five
minute interval timer. The high-accuracy impedance analyzer

Abstracts – BMT 2020 – Leipzig, September 29 – October 1 • DOI 10.1515/bmt-2020-6@@@
Biomed. Eng.-Biomed. Tech. 2020; 65(s1): S@@@–S@@@ • © by Walter de Gruyter • Berlin • Boston

HP4194A (Hewlett Packard, USA) was used as reference to
make a direct comparison of the determined impedance
values. In addition, a Keithley 2000 multimeter (Keithley
Instruments Inc., USA) features resistance measurements for
real part estimation of the complex impedance. Table 2 lists
impedance analyzer results as arithmetic mean together with
reference measurements.
Table 2: Comparative impedance measurements
IUT

reference value

resistor

analyzer

Keithley

HP4194A

mean

points

10 MΩ**

9.99 MΩ

9.98 MΩ

9.97 MΩ

240

7.0 MΩ**

6.99 MΩ

7.04 MΩ

6.95 MΩ

240

5.0 MΩ**

4.99 MΩ

5.02 MΩ

4.97 MΩ

240

1.5 MΩ *

1.50 MΩ

1.50 MΩ

1.50 MΩ

1080

1.0 MΩ *

1.00 MΩ

0.99 MΩ

1.00 MΩ

1000

200 kΩ**

199.6 kΩ

199.3 kΩ 200.4 kΩ

1000

68 kΩ**

67.9 kΩ

67.8 kΩ

68.6 kΩ

1080

capacitor

calculated

HP4194A

mean

points

100 pF***

1.59 MΩ

1.59 MΩ

1.54 MΩ

1000

parallel RC

calculated

HP4194A

mean

points

10MΩ**//100pF***

1.57 MΩ

1.61 MΩ

1.61 MΩ

1080

Analyzer: interval timer = 5 minutes. IUT tolerances: *0.1%, **1%, ***5%. Keithley
2000 multimeter: 2-wire auto range; moving averaging = 10. HP4194A: auto
range; excitation = 1 kHz with 1 V(p-p); integration time = medium; averaging = 16.

3.2

To illustrate the accuracy and stability of analyzer measurements, the 20-hour graphs in Figure 4 represent the percentage deviation of the measured analyzer values in relation to
the IUT reference values in Table 2, reduced to every third
data point.
MΩ
1010
MΩ

+1.5%

MΩ
77.0
MΩ

+1.5%

MΩ
55.0
MΩ

+1.5%

1.5MΩ
MΩ
1.5

+1.5%

MΩ
11.0
MΩ

+1.5%

200kΩ
kΩ
200

+1.5%

6868
kΩkΩ

+1.5%

100pF
1.54
MΩ

+1.5%

10MΩ//100
pF
1.57 MΩ

+1.5%

It was found that the determined impedance values were
measured stable and well within the tolerance limit of
±1.5 %.

4

Conclusion

The presented multi-channel impedance analyzer offers
highly accurate impedance measurements from 50 kΩ to
10 MΩ with an excitation frequency of 1 kHz. The analyzer
was equipped as described in Table 1, currently optimized
for application-specific IUT values near 0.5 MΩ and 2 MΩ,
due to calibration and TIA gain settings. With a system accuracy better than 1.5 %, the determined differences between
values from analyzer and reference measurements were
negligible, see Table 2. High repeatability of impedance
analyzer measurements was reflected in small standard deviations of less than 1 kΩ for all presented results in Table 2.
Out-of-range detection is a key feature that was integrated to
optimize measurement parameters and to ensure examination
of unknown IUT in the permissible dynamic range. Incorrect
measurements due to long-term drifts, offsets and self-heating are avoided by performing automated calibration before
measuring. The presented impedance analyzer is a low cost
system ready for use particularly in long-term characterization of dielectric material properties with multiple samples.
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Introduction
Particulate evaluation is needed for the approval of cardiovascular devices. Air bubbles lead to higher particle counts
when light obscuration method (LOM) is used. The aim of the study is to test a device that removes air bubbles (2–
100 µm) from a flow circuit prior to online particle counting.

Methods
The bubble trap was manufactured by 3D-printing with the stereolithography 3D-printer Form 2 (Formlabs, Somerville,
MA, USA). A hydrophobic membrane was included and the device was connected into a flow circuit. Air bubbles were
generated artificially and counted with a particle counter working with LOM (PC3400, Chemtrac Inc., Norcross, GA,
USA). The amount of air bubbles was recorded for three modules: without the usage of the bubble trap, with the usage
of the bubble trap when it was kept in the circuit for six runs (without reset) and with the usage of the bubble trap when
it was emptied between the runs (with reset).

Results
The results showed a total amount of generated air bubbles 6867±97. The amount of air bubbles was reduced to 2055 % with the usage of the bubble trap without resets. It was reduced to 3-50 % with the usage of the bubble trap with
resets between the runs. Air bubble removal was more efficient for air bubbles smaller than 25 µm. In previous studies
it turned out that air bubbles appear in smaller size classes (< 25 µm). Thus, the particular efficacy of the bubble trap
appears relevant.

Conclusion
A reduction of air bubbles could be reached by the usage of the bubble trap. For the long term usage of the bubble trap
without resets, design optimizations are necessary to avoid the accumulation of air bubbles at the outlet.
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Real-time synchronization of active force control and movement axes in a knee simulator with viscoelastic elements in the
force flow
Sameh Ben Nablia, Markus Auermann, Peter Weimar, Hans-Reiner Ludwig
Personalized Biomedical Engineering Lab (PBE), Institut für Inderdisziplinäre Technik (IIT); Fb2: Informatik
und Ingenieurwissenschaften, Frankfurt University of Applied Sciences, Frankfurt am Main, Germany

Introduction
The Frankfurt Inlay is a design of a future local endoprosthesis for the human knee developed at the PBE.
The efforts of the new endoprosthesis are towards a softer cartilage replacement, e.g. made of PEEK, with
improved bone fixation and personalized geometry.
For life-span tests (or fatigue tests) a tribological knee simulator was built. It was designed to reproduce the
three dimensional motion and the joint force of the human knee during the gait cycle according to the requirements of ISO 14243. The simulator consists of linear, rotary and geared motors, which are controlled
by a PLC (Programmable Logic Controller) from the industrial partner Beckhoff Automation GmbH, Verl, Germany. A virtual cam disc (camming tool) controls the positions of the three motion axes (anterior-posterior
motion flexion extension and tibia rotation) simultaneously in real time. The objective of this work is to synchronize the real-time control of the force axis with the three motion axes.

Methods
In order to realize the load cycle specified by the ISO standard, the spatial positions of the gait cycle were
prescribed using the camming tool. In addition to that, the force cycle needs to be controlled simultaneously.
The transient joint force is measured and, consequently, the spatial position needs to get adjusted.
In addition, the control of the axes requires the modelling of the existing technical construction (knee simulator). The classic methods of control engineering were used for the modelling of the system: Determination of
the static and dynamic force-response of the system as a result of a step-change of the input-position.

Results
The camming tool control all motion-axes simultaneously in real time. The final goal is to compensate the
decrease in force due to the viscoelastic behavior of PEEK and cartilage (in vitro substituted by a polymer)
by adjusting the positions of the force axis. That is the so-called set point formation in control engineering.
Moreover, previous investigations of the identification of the existing system showed that the force axis was
described adequately by a non-linear model, only, even when linear elastic materials were used for the prosthesis instead of PEEK. Several possible reasons for the non-linearity of the force were considered: The first
reason could be the interaction of the motion axes and the force axis. However, the repeated decoupling of
the axes did not show any significant influence on the non-linearity. The second possible reason, that is currently being investigated is the viscoelasticity of the polymer components present in the force flow of the simulator itself, in particular the support plate of the test object.

Conclusion
The position curve of all axes is controlled simultaneously in real time by camming. The problem was how to
adapt the position profile for the force axis (set point formation). The first challenge is the modelling of the
system with viscoelastic PEEK endoprostheses, since it involves modelling of a nonlinear system. Current
approaches using machine learning might help in addressing this challenge. The second challenge is the formation (creation) of set positions that maintain the prescribed load curve despite the viscoelastic behavior of
PEEK material. So far, there is no standard solution in the industry for the two requirements of the project.
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Introduction
Fast scanning calorimetry is an effective analytical tool to characterize the thermal properties of polymers. Heating rates
up to 100 000 K/s allow studies at time scales inaccessible with conventional calorimeters, whose rates are typically less
than about 0.5 K/s. Recent studies have successfully demonstrated methodologies for conducting quantitative measurements to investigate the thermal properties of polymer samples using chip-based fast scanning calorimetry (FSC).
Therefore, very small sample sizes, such as micro-particles or nonwovens, can be characterized. In this study, we investigated the thermal properties of PLLA with FSC in comparison to to the results from standard DSC methods.

Methods
Poly(L-lactide) PLLA specimens were obtained via solution casting and needle electrospinning and compared with unprocessed pellets. Cast films were prepared by solving PLLA pellets in chloroform. After evaporation of the solvent, the
films were washed and dried. FSC measurements with heating rates between 50 and 10000 K/s were used to investigate
PLLA. From the FSC heating curves, the crystallinity was calculated and compared with the results from standard DSC
method.

Results
The results suggest a significant influence of heating rates on the thermal properties of PLLA. It was observed that the
glass transition Tg and melting temperature Tm of PLLA are shifted to higher temperatures as the heating rate q increases. In comparison to pellets, the crystallinity in FSC of cast film is a factor 3 lower due to the possible residual solvent
in the film.

Conclusion
It was shown that the FSC is capable of suppressing reorganization processes and therefore a deeper insight into the
thermal properties of the materials is accessible. The results also show that different fabrication methods lead to changes in crystallinity and standard DSC measurments have to be taken into account for interpreting FSC results.
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Introduction
Polyelectroylte multilayers (PEM) enable modifications of roughness, stiffness, surface charge and surface
energy on surfaces. The surface properties can be precisely tuned to fulfill different technical and biological
applications. One example of a degradable PEM system is based on Hyaluronan (HA) and Chitosan (CHI). In
contrast to other commonly used polyelectrolytes, these origin from natural sources and have low cytotoxicity.
However, cells such as human endothelial cells show weak adhesiveness ontop of HA/CHI multilayers. In our
work we aim to control cell adhesion on HA/CHI films by incorporating a non-polymer substance –graphene
oxide (GO)– into the multilayers.

Methods
The surface properties of the PEM were characterized by ellipsometry, water contact angle measurements
and atomic force microscopy. For biological characterization human umbilical vein endothelial cells (HUVECs)
were incubated on coated substrates and testing by resazurin assay, which allowed for quantitative determination of adhered viable cells.

Results
All PEMs were hydrophilic and showed similar thickness, irrespective of the number and localization of the
GO-layers in the PEM matrix. One single GO-layer neither on-top nor in-between the PE-layers affects surface
topography or roughness, however by incorporating several GO-layers into the PEM, the topography and
roughness change. The resazurin assay revealed varying adhesion of HUVECs across all tested PEMs. Basic
HA/CHI films showed weak adhesion, comparable to negative control. Strong cellular adhesion was monitored
on HA/CHI films with one single GO-layer on top, which was comparable to positive control. GO-layers inbetween PEMs yielded controllable adhesion in the range between negative and positive controls.

Conclusion
We demonstrate that incorporation of GO into the non-adhesive HA/CHI multilayers exerts an controllable
effect on adhesion of HUVECs. The improved cellular adhesion on the hybrid PEM coatings with incorporated
GO is most probably caused by changes in surface chemistry and in surface stiffness.
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Introduction
Despite decades of research, fibrosis still remains a significant challenge for medicine in many different fields. Although there is a general model of fibrosis, the causes and characteristics of the various pathologies are as diverse as the
variety of organs and tissues that can be affected by fibrosis. Moreover, fibrosis also impedes the long-term prospects of
success in implantation surgery. One possibility to address this challenge is the development of biocompatible implants
featuring drug delivery systems loaded with antifibrotic pharmaceuticals. Due to diverse regulatory mechanisms in organs, tissues and also cell types, these active substances must consequentially be designed for diverse specific applications. Compared to fibrosis in organs like lung or liver, these mechanisms were poorly addressed in ophthalmologic research, but it is known that transforming growth factor beta (TGF-β) plays a key role.

Methods
Gene expression studies on human primary tenon fibroblasts hTF were carried out with RT2 First strand kit and RT2
Profiler PCR Array for human fibrosis (Qiagen) in Eppendorf realplex2 Mastercycler.

Results
This gene expression study revealed 30 genes being upregulated more than two fold in TGF-β1 treated hTFs. Furthermore, 15 genes were found to be downregulated more than two fold. Tumor necrosis factor (TNF), vascular endothelial
growth factor A (VEGFA), and inhibin beta (INHBE) were particular strongly regulated in TGF-β1 treated hTFs.

Conclusion
In TGF-β1treated hTFs a cell type specific regulation of fibrosis related genes was found. In contrast to literature,
VEGFA was downregulated and TGFBR2 was not stoichiometrically upregulated together with upregulated TGFBR1.
These were interesting findings that will be further observed in follow-up studies with other primary fibroblast subpopulations derived from the eye.
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Wear and corrosion in medical applications
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Jana Markhoff, Institute for Biomedical Engineering, University Medical Center Rostock, Rostock, Germany,
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Niels Grabow, Institute for Biomedical Engineering, University Medical Center Rostock, Germany

Biomaterials applied to replace or restore body functions are exposed to different mechanical forces and corrosion processes due to body fluids, which might result in the generation of corrosion products, wear debris and particles potentially leading to inflammation and inhibition or loss of function as well as aseptic implant loosening. Although, these
problems are mainly associated with joint prosthesis in orthopaedics there are other applications of tribology in the biomedical field, too.
This presentation will give an overview about the mechanical and chemical processes of wear generation and corrosion,
the occurrence of the respective wear products in different medical applications including orthopaedics, dentistry and
also cardiovascular implants and their resulting biological influences. Although, wear and corrosion levels might seem
trivial in particular applications, conclusions will be drawn towards the question, if there is a necessity for sensitive and
specific methods to measure and value even low concentrations, since particles and corrosion products can be distributed throughout the organism via body fluids and accumulate in more distant organs and cells. Immunologic reactions as
well as neuronal, cardiovascular and respiratory deseases may be the result, even if a local reaction has not yet occurred.
Biocompatibility studies of biomaterials are mainly conducted using bulk materials or scaffolds, although it has been
shown that particles and ions of the same material cause cytotoxicity and inflammation in comparison, therefore wear
and corrosion are important factors that control and determine the long-term clinical performance of a biomaterial.
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Introduction
Fiber materials offer a high potential for improving the surface characteristics of medical implants. For quality
assurance of nano- and micro fiber structures the morphology is inspected by Scanning Electron Microscopy
(SEM) as a standard method. Vast quantities of image data have to be evaluated. Usual practice for obtaining the fiber diameters is the manually setting of measurement points in several images. There is a software
tool ”DiameterJ” which automatically computes fiber diameters. Here we investigated its applicability by
comparing the evaluation of selected sample images to manual measurements.

Methods
The software DiameterJ, which runs as plugin in the open source software “ImageJ”, was used to evaluate
SEM images of electrospun fibers. In this study the fibers of three exemplary images specified by different
contrast and fiber morphology were examined by using varied segmentation algorithms which perform different intersection corrections and gray scale transformations. The resulting frequency distribution of the fiber
diameters was analyzed. Additionaly the computed fiber evaluation was compared to manually selected
measurement regions and fibers.

Results
Depending on various image properties the segmentation process works more or less trusty. In some cases
fault data of incomplete segmented fibers are computed. Often the results are reliable, but frequently DiameterJ generates data resembling to thin fibers which are not present in the image. In some cases the peaks of
fault data are much higher than peaks of real fibers. As shown in the current analysis, thick fibers can remain
even completely undetected. In consequence misinterpretation of data cannot be avoided.

Conclusion
DiameterJ is a validated tool with the ability to generate reliable results. Non-ideal images of daily routine reveal the limitations of this method, i.e. faulty segmented fibers. Hence, the diameter distribution can be imprecise. Future work on improving the segmentation algorithms can refine computed evaluation.
words: 298
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Introduction
The expansion capacity and accessibility of the side branch is essential for the stenting of complex bifurcations. Since
previous measurement methods only provide limited information based on geometrical data of stent cells, a new
measurement approach was developed which considers the mechanical deformation capacity of the stent design. This
approach provides essential information on the stent with regard to the application of bifurcation stenting.

Methods
Four different commercially available coronary stents (nominal diameter 3.0 mm) were dilated and a central strut cell
was over-expanded by means balloon catheters of increasing nominal diameter (2.0 to 5.0 mm). After balloon inflation,
the remaining cell size was investigated for maximum cell diameter and strut fractures. Large expansion capacity
without cell damage is taken as a measure of the accessibility of the side branch.

Results
In none of the expansion experiments the desired target size could be achieved, which is due to the elastic recoil of the
stent cells. Deviations from the target diameter between 14-38% were determined. However, larger diameters also
showed a constriction of the balloon, so that in some cases the target diameter could not be achieved at all. No strut
fractures occurred even at maximum balloon diameter and pressure (5.0 mm non-compliant balloons).
As a result the side branch accessibility differs depending on the individual stent designs. No particular risk for the stent
was found by extensive over-dilatation.

Conclusion
The novel investigation shows a new relevance compared to previous measurements of side branch accessibility.
Because of an additional widening and deformation of the meshes occurs, especially with regard to the stenting of bifurcations, the side branch expansion capacity should also be measured in the future.
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Introduction
For the realization of smart medical wearables, that can detect vital parameters of humans, a direct contact to the skin of
the patient is required for a good sensitivity and a sufficient signal path. Furthermore, biocompatibility, long-term stability
as well as reliability of the attachment are essential for this application. Currently, strong adhesives are used for the
attachment, that cause skin reaction and pain, when being removed. Hence, for an improved and more convenient attachement of wearables to the skin we propose nano-patterned biocompatible polymers with surfaces that have a matrix of
nano-pillars or suction cups, similar to a gecko’s foot. These surfaces be sticky, while still being adhesive-free and ready
for multiple use.

Methods
For the patterning, hot-embossing was used. Doing so, a movable traverse containing the substrate to be patterned is
pressed against a fixed frame with the microstructured mould insert (shim) at a defined temperature and pressure. The
shim was fabricated by microtechnologies and the parameter range of the hot-embossing process was optimized. For the
experiments Parylene (Poly(p-xylylene)) was chosen, which is a thermo-plastic polymer with ISO 10993 certified biocompatibility and biocompatibility. Since it also combines additional excellent properties, such as a low permeability,
chemical inertness, and dielectric properties, it is used for the encapsulation of medical devices and smart medical implants in the recent years.

Results
Shims with needle-like and hole-like structures were prepared and the hot-embossing process was optimized for maximum temperatures of 310°C. Doing so, the structures were patterned successfully into Parylene C for different geometries.
However, the complete removal of the Parylene from the shim remains challenging.

Conclusion
The structuring of biocompatible Parylene C surfaces by hot-embossing was demonstrated successfully for pillar- and
hole-structures with dimensions from 1 µm … 10 µm. Additionally, suction-cup like structure were realized on some
pillars.

Abstracts – BMT 2020 – Leipzig, September 29 – October 1 • DOI 10.1515/bmt-2020-6@@@
Biomed. Eng.-Biomed. Tech. 2020; 65(s1): S@@@–S@@@ • © by Walter de Gruyter • Berlin • Boston

S213

Sulfated Hyaluronan coating of polyurethane-based implant materials
Kiriaki Athanasopulu, Reutlingen University, Reutlingen, Germany, kiriaki.athanasopulu@reutlingen-university.de
Dimitra Caltzidou, Reutlingen University, Reutlingen, Germany
Asuka Sekishita, Institute for Materials Chemistry and Engineering, Kyushu University, Japan
Larysa Kutuzova, Reutlingen University, Reutlingen, Germany, larysa.kutuzova@reutlingen-university.de
Günter Lorenz, Reutlingen University, Reutlingen, Germany, guenter.lorenz@reutlingen-university.de
Masaru Tanaka, Institute for Materials Chemistry and Engineering, Kyushu University, Japan,
masaru.tanaka@ms.ifoc.kyushu-u.ac.jp
Ralf Kemkemer, Reutlingen University, Reutlingen, Germany & Max Planck Institute for Medical Research, Heidelberg, ralf.kemkemer@reutlingen-university.de

Introduction
Recent therapeutic approaches for osteoarthritis focus on the deceleration of the disease progression by using minimally
invasive treatment methods, before replacing the knee joint by endoprostheses as last therapeutic resort. Thermoplastic
polycarbonate urethane elastomers (TPCUs) can be used as implant materials for treating degenerative joint diseases
thanks to their tunable mechanical properties, their toughness, and their durability. In this work, we developed a watercontaining high-molecular-weight sulfated hyaluronic acid-coating to improve the interaction of TPCU with the synovial fluid and to ensure surface resistance against enzymatic degradation. It is suggested that trapped synovial fluid can
act as a lubricant that reduces the friction forces and thus provides an enhanced abrasion resistance of TPCU implants.
Aims of this work were (i) the development of a method for coating novel soft TPCU with high-molecular sulfated hyaluronic acid (sHyal), and (ii) the in vitro validation of the functionalized TPCUs in cell culture experiments.

Methods
For modification with sulfated hyaluronic acid (sHyal), the TPCU-elastomers were functionalized with bromoacetic
acid (BrAc). For the synthesis of high-sulfated hyaluronic acid (sHyal), the SO3/DMF-complex was used as a sulfation
agent. Afterwards, sHyal was incorporated on the TPCU-BrAc surface. Synthesis of sHyal was investigated by ATRFTIR spectroscopy, while surface structure and morphology of the functionalized TPCUs were characterized by electron microscopy (SEM). The long-term stability of modified samples, stored in a simulated body fluid (buffer solution
at 37°C), were analyzed by contact angle and water uptake measurements. Phase-contrast and Fluorescence microscopy
were applied to evaluate cell adhesion and proliferation.

Results
We successfully achieved a chemical grafting of sHyal onto the surface of the novel bio-stable thermoplastic polycarbonate-urethane by a straight forward strategy. The TPCU surface was first functionalized with bromoacetic acid, a
spacer, bearing bromomethyl groups as anchorage sites. Afterwards, sHyal grafted directly on the TPCU-BrAc surface.
Notable differences were observed between the TPCU-surfaces after each modification step. The sHyal-TPCU surfaces
show an improved wettability especially after exposure in hydrated environments. In vitro cell experiments show a significantly increased cell proliferation of cells cultured on sHyal-TCPUs compared to unmodified TPCUs

Conclusion
We achieved a chemical grafting of sHyal onto the surface of biostable TPCUs inducing higher proliferation of chondrocytes.
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Introduction
Pancreatic fluid collections (PFCs) are a common complication associated with pancreatic injury. Drainage of a PFC is
usually indicated if a patient becomes symptomatic with complications such as bacterial superinfection, septicaemia,
fistulas, biliary obstruction or gastric outlet obstruction. Endoscopic ultrasound guided drainage is a well-established
minimally invasive procedure to insert stents into a fluid collection, most prominently plastic double pigtail stents
(DPSs) and lumen-apposing metal stents (LAMS). Both, DPSs and LAMSs have advantages and disadvantages that
need to be considered before treatment. However, the main factors leading to failure of currently available stent systems
are the relatively short patency period and bacterial superinfection.
In order to develop new stent concepts for PFCs we aim to identify the most critical factors leading to stent failure. To
this end, we are currently performing a systematic scanning electron microscopy (SEM) analysis on the most frequently
used stents in clinical practise for PFC drainage.

Methods
A Hot AXIOS stent and a double pigtail stent were retrieved from the patient, fixed, chemically dried and sputter coated
with gold. Both ends, the abluminal and luminal sides of each stent were systematically subjected analysis by SEM at
diffent magnifications.

Results
Although fully covered by silicone struts of the Hot AXIOS stent protrude from the surface on the abluminal side where
multilayered agglomerates were observed. The luminal side of the stent was smooth with no struts visible and few deposits. While large areas at the abluminal side of the retrieved DPS were free of deposits, stent holes were occluded as
well as the stent lumen.

Conclusion
Our data provide a profound basis for the identification of stent hot spots responsible for stent failure and will contribute
to a better treatment of patients with PFCs in the future.
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Introduction
In order to assess the hydrodynamic performance of transcatheter aortic valve prostheses (TAVP) in vitro testing by
means of pulse duplicators represents a fundamental requirement. Test conditions as well as minimum performance criteria are specified in ISO 5840-3:2013 and ISO 5840-3:2019-draft. In the 2019 published draft, modifications regarding
hydrodynamic testing are proposed. Among others, the geometrical configuration of the fixation has changed, with the
intention to improve the anatomical representation as well as the comparability of results from different test laboratories.

Methods
We analyzed the consequences of altered annulus fixations regarding native leaflets as well as a step in the proximal
area of the protheses to prevent their migration. The analyses were conducted with regard to the degree of calcification
of the annulus ring. We performed in vitro hydrodynamic testing according to ISO 5840-3:2019-draft of a selfexpandable valve prototype with porcine pericardial leaflets by using a commercially available pulse duplicator system .

Results
The regurgitation increases with increasing degree of calcification, whereby the use of a step has no influence on the
backflow of fluid during diastole. The effective orifice area (EOA) of the valve showed a clear tendency with respect to
radial protrusion of the step. The EOA decreased as the radial protrusion increased. We also present a suggestion to
prevent migration without affecting the general test results, by using a novel step design. We found that the novel annulus model with native leaflet drastically reduced the regurgitation.

Conclusion
The new requirements for hydrodynamic testing of the ISO 5840-3:2019-draft marks important aspects in order to ensure consistency of inter-laboratory testing. We have shown that the provided leaflet structure had a major influence on
TAVR regurgitation. Secondly, we have demonstrated that a step, designed for the prevention of proximal migration of
the valve during testing, can have an influence on the overall hydrodynamic characteristics.
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Introduction
The degradable polymer Polydioxanone (PDO) is used for medical implants since 1981. Manufacturers state a degradation timeframe of <180 days or an absorption duration of 182-238 days. Aim of this study was to find in vitroconditions to degrade PDO films within four weeks. Therefore the degradation of PDO was performed in accelerated
conditions in tempered alkaline glycine NaOH buffer. Molecular weight and mass loss were studied. PDO results were
compared with poly lactic-co-glycolic acid P(LLA-co-GA).

Methods
The polymer films were prepared by dissolution and pouring into a glass petri dish. After evaporation of the solvent polymer
films were washed. Specimens were incubated in NaOH glycine buffer (pH 8.7) at a temperature of 50 °C. Every seven days
the medium was replaced by fresh buffer. Sample withdrawal occurred after 0, 7, 14, 21 and 28 days. Mass loss and molecular
weight were detemined by weighing and SEC (size exclusion chromatography), respectively.

Results
PDO shows a linear decrease of the polymer mass resulting in a value of 68% of the initial mass after 28 days. A weight loss
of 10% was found after 1 week. P(LLA-co-GA) showed no measurable weight loss in the investigated time.

Regarding the molecular weight loss, PDO shows the major changes in the first week resulting in a value of 38% caused
by the hydrolysis of amorphous PDO regions, enhanced by temperature and elevated pH. P(LLA-co-GA) shows a different degradation behavior. Here a linear molecular weight loss during the whole study was observed.

Conclusion
Conditions to degrade PDO in vitro within four weeks were developed. Therefore degradation was performed at 50 °C
in alkaline NaOH glycine buffer (pH 8.7). Mass loss followed a linear progress. Last withdrawal of the PDO samples
was conducted with a remaining mass of 68% of the initial mass. Samples showed fragmentation at that time. Medium
change was no longer feasible without sample loss. Molecular weight degradation followed a non-linear, exponentiallike progress with a molecular weight loss of 76% after two weeks and 87% after four weeks. In the same degradation
medium P(LLA-co-GA) showed a three times accelerated degradation compared to standard conditions (37 °C, pH 7.4).
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Introduction
Wettability and permeability of nanofiber nonwoven membranes are of great importance, as they influence the
drug release, cell attachment, degradability, and the nutrient supply of the surrounding tissue. In this study
wettability and water permeability of bioresorbable nanofiber membranes were investigated for different types
of additives in the poly-L-lactide nonwovens. In addition, the modification of the permeability by the applied
pressure gradient and the fluid viscosity was investigated.

Methods
The membranes were fabricated by means of electrospinning. Variation of additives in the polymer solutions
results in different fiber diameters of the membranes, which were analysed using scanning electron microscopy. The water permeability was determined according to Darcy’s law by applying a pressure gradient while
determining the fluid velocity. The wettability was investigated by water contact angle measurements and analysing the velocity of the fluid penetrating the membranes.

Results
The pressure gradient needed to wet the membranes varied from 73 Pa·µm-1 to values above 500 Pa·µm-1.
There was no difference in the contact angle for the investigated membranes. A correlation between fiber
diameter, which varied from (1129 ± 375) nm to (165 ± 32) nm, and wettability was found. Besides a distinct
difference for all types of membranes, the permeability tends to increase with increasing fluid viscosity, wheras
no irreversible variation of the membrane thickness was present.

Conclusion
Morphology dependent wettability and permeability were shown for the investigated membranes. Since permeability varied with fluid viscosity and no irreversible changes in thickness were observed, it is supposed that
the membranes change their permeability during the presence of a pressure gradient. Thus, permeability probably cannot be considered as a constant material parameter. The results presented here form the substantial
basis for the development of new permeable and semi-permeable implants and medical devices consisting of
biodegradable nanofiber membranes.
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Introduction
Electrospun fiber nonwoven materials with tailor-made, flexible 3D-porous structures and a high surface-to-volume ratio offer new solutions in various fields of application such as filtration, catalysis, tissue replacement, nutrient or drug
supply already today. New biomimetic fiber implant surfaces with or without local drug release are also debated intensively in the field of medical engineering to enable the vision of implant-specific and drug-loaded surfaces that are antiinfective, adaptable and cell-sensitive. However, this scope of application is subject to various restrictions and regulatory barriers. In addition, it appears an almost unresolvable challenge to find the unique implant material which is both
processable and chemically inert, while also being long-term stable, innovative and clear for regulatory approval. This
is the background for our endeavors to iteratively introduce new materials and systematically expand the portfolio.

Methods
Within this initial study the electrospinning process for different types of polymers (PBT, TPC-ET, PVDF, PA6.12) was
established. To optimize the processing procedures some relevant parameters, such as polymer concentration or electrode spacing, were being varied. The influence on fiber morphology, tensile strength and biocompatibility was investigated.

Results
The fiber formation of selected biostable polymers by direct electrospinning is presented. Promising results concerning
process optimization, biocompatibility studies and uniaxial tensile tests in medium at 37°C are being shown.

Conclusion
The different mechanical properties of the nonwovens clearly show that the proper choice of polymer or the combination of different polymer types is crucial, as is the layer structure with an additional drug depot, which is often essential
for biomedical applications. This should always be considered carefully, independent of the processing technology and
thus of the fiber bonding, delamination or fiber strength. Overall, the results presented indicate that in their advantageous combination nonwovens appear very promising for adaptable superfiber materials, especially in the application
on load-bearing implants.
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Introduction
Vascularization of bioprinted constructs to ensure sufficient nutrient supply still remains to be a significant task in the
tissue engineering community. In order to mimic functional tissue, it is necessary to be able to print vessels in various
size scales, which places particularly high demands on the 3D printing technology and materials. In this preliminary study,
we focused on the production of small hollow structures for the application in small functional units of living tissue.

Methods
To fabricate hollow structures, the freeform reversible embedding of suspended hydrogels (FRESH) – method was utilized (Hinton et al.). A sodium alginate solution (5 % w/v) was used as bioink. The scaffolds were fabricated with the
Allevi 1 (Allevi Inc., PA, USA), a pneumatic extrusion-based bioprinter and plotted into a gelatine slurry serving as
fugitive support. For first cell experiments, the bioink was loaded with immortalized mouse HL1-cells.

Results
A proof of concept could be shown since we were able to reliably create vessel-like structures with an inside diameter
of 1.2 to 1.6 mm, a length of up to 8 mm and a wall thickness of 0.4 to 0.6 mm.

Conclusion
In this study, the geometric requirements to print hollow structures for small organoids could be achieved. To expand
the field of applications the resolution of the printing process has to be further improved. Moreover, the cell density
should be increased to reach physiological cell numbers and extended with endothelial cells.
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Introduction
Medical implants often cause bacterial infections leading to complications. Several standardized test are suggested for
measuring the antibacterial properties of surfaces. We apply two different standard tests for evaluating antibacterial
properties of a polyelectrolyte multilayer coating, the ISO norm (ISO 22196) and one ASTM norm (ASTM E2180). We
find a reduction of bacterial growth on the PEM but with a large difference in log-reduction depending on the testing
method.

Methods
PEI(PAA/PAH)5 coatings were prepared by layer-by-layer (LbL) technique using the hand dipping method. The coatings were characterized by spectroscopic ellipsometry and measurement of static water contact angles. A Gramnegative bacterial strain (E. coli) was used for both of the standard test methods to evaluate the antibacterial properties.
ISO norm (ISO 22196) and ASTM norm (ASTM E2180) were used and quantitaive result were compared.

Results
We apply two different standard tests for evaluating antibacterial properties of a polyelectrolyte multilayer coating, the
ISO norm (ISO 22196) and one ASTM norm (ASTM E2180). The results show that both test methods find a reduction
in bacteria number compared to the negative control (uncoated sample). ISO 22196 results for the positive control (Cu
plates) in a reduction of 8-log demonstrating the high antibacterial properties. The PEM coating performs slightly antibacterial by showing a 1.4 Log reduction. The log-reduction calculated for the experimental data of the ASTM measurement (usually gven in % reduction) is significantly smaller than a log 1 reduction, thus also significantly smaller than
determined by the ISO standard method.

Conclusion
This result demonstrates the need for defining proper methods to evaluate antibacterial properties of surface coatings.
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Introduction
Phantoms are anthropomorphic to mimic the properties of various human tissue for calibration, surgical planning and
health practitioner training purposes. Smart Autonomous Robotic Assistant Surgeon (SARAS) is aimed to develop the
next generation of surgical robotic systems. To demonstrate the potentialities of the developed robotic platforms,
SARAS selected two specific surgical benchmarks (i.e. Robotic Assisted Radical Prostatectomy (RARP)) and
laparoscopic ones (i.e. Laparoscopic Nephrectomy (LN)). The objective of this study is to develop reproducible and
sophisticated RARP and LN phantoms for training SARAS robotics.

Methods
In this project, the virtual models of the organs and vessels involved in the RARP and LN procedures were derived from
the anonymised patient’s MRI and CT images. Computational software was applied for 3D reconstruction and
segmentation of representative virtual anatomical organ models. Materials suitable for mimicking tissue properties were
investigated to fabricate the physical models. Additive manufacture technology e.g. 3D printing combined with casting
process were developed and optimised as fabrication routes.

Results
Silicones with Shore 00 and 000 hardness were capable to retain anatomical volume, shape and structure of the patientspecific anatomical organ models. By choosing suitable materials and developing robust fabrication methods, each
SARAS model can be replicated, establishing surgical training models that are not sample limited and are reproducible
and scalable to requirement.

Conclusion
The RARP and LN phantoms established from this project provide not only anatomical fidelity but haptic feedback
during the movements of the surgical tools for SARAS. They also have great potential to be used as routine education
and teaching tools for understanding and practising RARP and LN procedures.
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Introduction
Abdominal aortic aneurysm (AAA) is a common condition of increasing prevalence, particularly among older men. An
AAA is defined as a permanent dilation of the abdominal aorta, with a diameter greater than 30 mm or a diameter greater than 50% of the aortic diameter at the level of the diaphragm. As the size of the aneurysm increases, so does the risk
of rupture. Therefore, prophylactic repair with insertion of a prosthetic graft is offered. Since 1951 traditional open aneurysm repair (OAR) was reported and minimally invasive endovascular repair (EVAR) was first reported in 1986.

Methods
Data from four randomized controlled trials (EVAR-1, DREAM, OVER, ACE) for abdominal aortic aneurysm, which
enrolled almost 3000 patients, in a period from 1999 to 2008, were summarized. In addition, registry databases on the
treatment of AAA of average 4000 patients per year, based from 2015 to 2018 of the German Institute for Vascular
Medicine Healthcare Research of the German Society for Vascular Surgery and Vascular Medicine, were compared.

Results
The EVAR procedure for AAA showed a lower risk of perioperative mortality but was associated with a higher cardiovascular and aneurysm-related complication rate. Patients aged 80 years or older particular benefited from EVAR since
the 30-day mortality was higher in patients receiving OAR, compared to those receiving EVAR. In mid-term and longterm follow-up there were no differences in survival after endovascular and open aortic repair.

Conclusion
Overall, it depends on the respective underlying disease and anatomy which of the two approaches is to be preferred. In
conclusion, both treatment options can be considered as equal and can both be offered to patients.
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Introduction
Application-specific integrated circuits (ASICs) embedded in polymers have been subject in implant manufacturing for the recent years. The increased functionality combined with good biocompatibility due to flexibility of thin implants makes them interesting for further studies. Thin-film ASICs can be used for the recording
and processing of a high amount of biological signals, improving the performance of neural implants.

Materials and Methods
Fabrication and analysis of gold and platinum thin-film connections are subject of this study, especially their
capability as high frequency data transmission lines. Three layers of polyimide are used as flexible substrate
and insulator of the traces. Various test structures were designed and fabricated, to investigate the resistance and reactance up to GHz frequencies, crosstalk and influence of vias between metallization layers.
All conducting structures have a comparable design with a length of 50 mm and a metal thickness of
300 nm, while the line widths were varied.

Results
In this configuration gold and platinum thin-film conductors are both suitable for high-frequency data transmission up to 100 MHz. This transmission frequency limit and impedances are unaffected by a wet environment and in accelerated aging tests.

Conclusion
However, both metals show a high pass filter behavior, whose frequency behavior is mostly dependent by
the self-inductance and resistance. A simplified ideal transmission model predicts the electrical behavior sufficiently and can be used to design the favored line impedance matching input impedances of the connected
ASICs.
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Introduction
Biomechanical functionality of artificial hips strongly correlates with quality of life of patients after total hip
arthroplasty. As the numbers of total hip arthroplasty are growing due to increasing life expectancy, biomechanical research is of utmost importance to improve the implants used and the operative procedures applied.
Multibody simulation is used to predict forces and moments inside the human body. Generic scaling is usually
performed to adapt the human models used in multibody simulation to individual patients. However, since the
shape and size of the bones can vary considerably, this type of scaling often is not sufficient.

Methods
For this study, 7 CT-datasets were examined. Therefore, the DICOM-images were imported to Materialise
Mimics Research (Materialise NV, Leuven, Belgium). Important biomechanical parameters such as the CCD
angle and the femoral offset were then measured in the 2d anatomical planes. In addition, the bony structures
of the CT data were segmented. The femur was then separated from the pelvis and a 3D reconstruction of the
femur was performed. Four different landmarks were then set on the femur. Distances were then measured
between the femoral center of rotation and the proximal posterior greater trochanter point (d-COR-PPTP) and
between the posterior and anterior femoral head point (d-PFHP-AFHP).

Results
The results of the measurements of the CCD angle and the femoral offset are shown in Table 1. The minimum
measured CCD angle was 118.3° and the maximum angle was 139.5°. The mean value of the measurements
gave a CCD angle of 130.1° ±7.2.
The femoral offset also showed significantly different values. The lowest femoral offset was 29.7 mm and the
maximum 46.8 mm. The mean offset was 37.8 ±6.8 mm for the seven patients.
The mimimal distance of the d-COR-PPTP was 42.7 mm and the maximum 56.7 mm. The mean was 51.0 mm
±4.4. The distances for d-PFHP-AFHP were 34.0 mm (minimum), 49.9 mm (maximum) with a mean value of
43.9 mm ±5.2.

Conclusion
As it can be seen in the results, there are very large differences for the CCD angle, the femoral offset and the
measured distances. If the different shapes and sizes of the femur were considered in a patient-specific way
in multibody simulations, the muscle and tendon attachment points would change and thus lead to different
moments and forces in the area of the pelvis and the femur. If more landmarks in addition to the four defined
landmarks were set, it would be possible to map the shape of the femur. This data could in turn be exported
to the multibody simulation software. The more realisitic outcomes of the MBS could then lead to a better
understanding of the biomechanics and thus help to improve surgical planning of THA.

