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Electrochemical Deposition for Functional Surfaces and Interfaces: 

Principles, Applications, and Analysis 

Masahiro Kunimoto1 

m.kunimoto@waseda.jp 
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Japan 

Abstract: This tutorial presents the fundamentals of electrochemical deposition process as an advanced industrial 

technique for the creation of functional surfaces and interfaces. The operating principle of electrochemical 

deposition is based on both electrochemistry and crystallization, requiring interdisciplinary knowledge of these 

areas. Furthermore, electrochemical deposition has a wide range of applications and has recently emerged as an 

important design guideline for controlling interfaces, particularly in energy-related technologies. This talk 

describes the fundamental aspects of the technique in a systematic manner, also highlighting recent progress in 

the analysis of electrochemical deposition phenomena.  

Keywords: electrochemical deposition, crystallization, spectroscopy, multi-scale simulation 

Electrochemical deposition is a versatile technique 

that integrates electrochemical reactions with 

crystallization processes, enabling the formation of 

metal or alloy thin films on substrates and the 

creation of interfaces between distinct phases with 

unique surface functionalities. Originally developed 

as an industrial method to provide mechanically 

and/or chemically durable coatings on engineering 

materials, it is now widely recognized as an 

indispensable technology for the fabrication of 

precise electronic components and as a key 

methodology for preparing functional electrodes in 

advanced devices such as batteries and sensors. 

Against this background, significant efforts have 

been devoted to improving the controllability of 

electrochemical deposition. Such control requires a 

mechanistic understanding of the underlying 

processes and, consequently, a solid foundation in 

electrochemistry, which involves both mass transfer 

and reaction, and crystallization kinetics. 

Electrochemistry deals with reduction and oxidation 

reactions driven by potential differences at 

interfacial regions, whether externally applied or 

internally generated, and provides a fundamental 

framework based on thermodynamics, reaction rate 

theory, and electromagnetism. Crystallization 

kinetics, governed by supersaturation, interfacial 

interactions between deposits and substrates play a 

central role in determining the mechanical, 

chemical, and optical properties of deposited 

materials as well as the characteristics of the 

resulting interfaces. 

A key challenge lies in identifying and controlling 

the fundamental parameters that govern these 

coupled processes. When appropriately understood 

and regulated based on sound theoretical principles, 

electrochemical deposition offers a powerful 

framework for the rational design of functional 

interfaces. In this tutorial, we highlight the physical 

models underlying electrochemistry and 

crystallization kinetics and provide a systematic 

perspective that enables a clear understanding of 

both the governing principles and the practical, 

experience-based aspects of the technique. 

Furthermore, electrochemical deposition concepts 

are increasingly recognized as essential in the 

development of next-generation energy storage 

technologies for sustainable power systems. In 

battery systems, uncontrolled electrodeposition can 

induce irregular morphological evolution of 

electrodes, leading to severe performance 

degradation and, in some cases, critical safety issues. 

Over the years, electrochemical engineering has 

established effective strategies to control such 

phenomena, giving rise to the concept of “kinetic 

interfacial design” as a guiding principle for 

practical applications. This presentation highlights 

representative examples of kinetically governed 

electrode behaviour and discusses solution strategies 

from the viewpoint of electrochemical deposition, 

illustrating how fundamental understanding can be 

translated into practical design guidelines. 

Figure 1: The art of electrochemical deposition: (i) 

mass transfer + (ii) electrochemical reaction + (iii) 

crystallization. 
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Silk fibroin–riboflavin substrates for transient magnesium 

temperature sensors 
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Abstract: A new research strategy for biocompatible, implantable temperature sensors is presented. The 

resistance temperature detectors (RTDs) are made of silk fibroin with incorporated riboflavin (SFRF) and 

magnesium (Mg)-based alloys. Goal of this study is to investigate sensor performance in the physiologically 

relevant temperature range between 30 °C and 42.9 °C. 

Keywords: temperature sensor, bioabsorbable, silk-fibroin, riboflavin, magnesium alloy  

Introduction 

Implantable and bioresorbable sensors are of great 

interest for continuous monitoring of postoperative 

healing processes, such as those following skin 

grafts, as they would eliminate the need for an 

additional surgical removal [1,2]. Here, the first 72 

hours are crucial for the healing process [2]. 

Magnesium can be used as a temperature-dependent 

resistive material because it is both biocompatible 

and bioabsorbable, as previous studies have already 

demonstrated [3]. This study examines SFRF as a 

new biocompatible and bioabsorbable substrate 

material for Mg-based RTDs, to overcome 

limitations that arise when using polylactic acid 

(PLA) with different encapsulation materials. 

Results and Discussion 

As shown in Figure 1, meander-shaped Mg-based 

RTDs were deposited via thin-film technology onto 

a SFRF substrate. Performance and lifetime of the 

sensors were characterized under ambient air 

conditions between 30 °C and 42.9 °C. The RTDs 

on SFRF exhibited a resistance temperature 

coefficient of approximately 0.003 °C-1 which is 

fully comparable to values achieved for Mg-based 

RTDs on PLA. 

Conclusions 

The sensors were successfully characterized at 

ambient air conditions between 30 °C and 42.9 °C. 

A comparison between the sensor performance of 

Mg-based RTDs on SFRF and those on a PLA 

substrate clearly demonstrates SFRF's suitability as 

substrate material. The key advantage of SFRF over 

PLA is that it allows for the use of natural 

encapsulation materials with greater temperature 

stability, such as carnauba wax or poly(lactic-co-

glycolic) acid (PLGA). 

 

 

Figure 1 Mg-based RTD on SFRF substrate (left); 

the white bar corresponds to 2 mm. Measured 

temperature (right) with RTD on PLA (blue) and 

SFRF (red) vs. set temperature; linear regression 

for both RTDs is overlapping. 
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Abstract: Plant viruses are a major cause of crop losses, making early and reliable detection essential. This work 

presents a capacitive model of electrolyte-insulator-semiconductor (EISCAP) sensors for label-free detection of 

negatively charged tobacco mosaic virus (TMV) particles, modelled as nanoscale local gates. The impact of TMV 

surface coverage on capacitance-voltage characteristics of SiO2-gate EISCAPs was studied theoretically and 

experimentally. 

Keywords: capacitive field-effect biosensor; plant virus particles; tobacco mosaic virus; capacitive model; virus 

coverage; label-free detection 

Introduction 

Plant viruses significantly impact global agriculture, 

causing annual losses of up to $60 billion and 

threatening food security. Early, reliable detection 

combined with pre-symptomatic intervention is 

essential to limit their spread.  

Capacitive field-effect biosensors based on 

electrolyte-insulator-semiconductor capacitors 

(EISCAPs) enable label-free detection of virus 

particles via their intrinsic charge. This work 

presents a capacitive model of an EISCAP sensor 

loaded with negatively charged tobacco mosaic 

virus (TMV) particles [1]. 

Results and Discussion 

In the model, adsorbed TMV particles (Figure 1) act 

as nanoscale local gates that modulate the 

semiconductor space-charge region. This results in 

shifts of the capacitance-voltage (C-V) 

characteristics, with signal amplitudes depending on 

the surface coverage. Simulations indicate an 

approximately linear relationship between TMV 

coverage and both capacitance change and voltage 

shift in the depletion region. 

Experimental results obtained with SiO₂-gate 

EISCAP sensors confirmed these predictions. TMV 

adsorption induced concentration-dependent C-V 

shifts; quantitative analysis using scanning electron 

microscopy revealed a strong correlation between 

surface coverage and sensor response. 

 

Figure 1: Schematic EISCAP structure (a) and 

atomic force microscopy image of the SiO2-gate 

surface loaded with TMV particles [1]. 

Conclusions 

The findings highlight the key role of virus surface 

coverage in EISCAP sensor performance and 

demonstrate the potential of this approach for rapid, 

label-free, and quantitative in-field detection of 

plant viruses. 

References 
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Abstract: We present the development of a plasmonic hydrogel-based pH sensor functionalized with MAA and 
DMAEMA for monitoring physiologically relevant pH fluctuations in biofluids, where the hydrogels exhibit 
reversible volumetric swelling responses. To enable optical detection, gold nanoparticles were embedded into the 
polymer matrix via UV photoreduction. This approach yields an active sensing platform capable of detecting 
nanoscale changes as the polymer responds to varying pH levels. Ongoing studies focus on optimizing the sensor 
performance toward smart diagnostic pH monitoring for future applications in dental implants. 
 
Keywords: pH responsive hydrogels, optical biosensing, dental implant diagnostic, UV photoreduction, smart 
biomaterials  

Introduction 
Tightly regulated pH levels are essential in 
maintaining normal physiological functions in the 
human body. Any deviations from physiological pH 
can indicate or lead to a dysfunction in metabolic 
activities [1]. Hydrogels are soft, flexible three-
dimensional polymer networks capable of absorbing 
and retaining large amounts of water. An optical 
readout is provided through integrating gold 
nanoparticles within the hydrogel matrix [2].  
 
Results and Discussion 
An elevation in pH level results in a swelling of the 
hydrogel leading to a weight increase associated 
with a shift to shorter wavelengths in the absorption 
spectra. When functionalized with 
dimethylaminoethyl methacrylate (DMAEMA), the 
hydrogels exhibited a reversed swelling effect 
compared to methacrylic acid (MAA) as a function 
of varying pH levels. The observed blue shifts of the 
peak absorbance in response to the expansion of the 
polymers were attributed to the spacing of gold 
nanoparticles and the changes in local refractive 
index.  
The swelling behavior of hydrogels was tested in 
different biologically relevant conditions such as 
synthetic sweat, synthetic saliva, and bacterial 
culture medium and the expected trend was 
observed across all hydrogels. Figure 1 shows the 
weight increase of approximately 130% when the 
pH of synthetic saliva is elevated from pH=4 to 
pH=8. In this regard, the sensors were able to 
capture pH changes in the various biofluids and 
accordingly exhibit the increase in swelling 
accompanied with blue shifts as a result of the pH 
level elevation. Simultaneously, repeatability and 
reusability tests conducted over multiple cycles 
demonstrated reliable performance of the hydrogels.  

 

Figure 1: Weight increase vs. normalized peak 
absorption shift as a function of pH level in synthetic 
saliva. (n=2) 

Conclusions 
The presented hydrogel platform allowed successful 
optical monitoring of pH-responsive swelling 
behavior. Future efforts are directed toward the 
optimization and integration of these hydrogel 
systems with optical fiber-based diagnostics for 
localized pH sensing in dental implant 
environments. 
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Abstract: Using plasma for sterilizing food packaging represents an interesting alternative to established 

industrial methods, such as the use of gaseous hydrogen peroxide. What are the typical input parameters that 

influence the sterilization process and, consequently, its effectiveness? This contribution provides a brief overview 

of these factors. 

Keywords: plasma; sterilization; inactivation; atmospheric cold plasma 

Introduction 

In addition to the use of chemical-based methods 

(e.g., hydrogen peroxide, ethylene oxide), thermal 

methods (moist and dry heat), and radiation-based 

methods (e.g., UV, X-ray), plasma sterilization 

processes have recently been increasingly employed 

in the field of food technology. This work will focus 

on plasmas generated by dielectric discharge at 

temperatures below 150 °C to ensure compatibility 

with the packaging material to be sterilized. 

Results and Discussion 

Dielectric barrier discharge (DBD) and atmospheric 

low-pressure plasma jet (APPJ) are the most 

extensively studied methods of plasma generation in 

process engineering and the food industry. It should 

be noted that some of the individual components 

formed in the plasma are very short-lived or undergo 

direct interactions. The reason for this lies in 

particular in the significantly higher pressure 

compared to plasmas generated in ultra-high 

vacuum. In plasma sterilization processes, reactive 

oxygen and nitrogen species (RONS) are considered 

the primary inactivation factors, in contrast to other 

components that are formed, such as UV photons. 

In general, the effectiveness of plasma sterilization 

depends on various factors: 

(1) System configuration; this includes not only the 

plasma source (electrode geometry/material, 

voltage, frequency) but also gas parameters (e.g., 

composition, operating pressure, gas flow rate, 

humidity). 

(2) Plasma treatment; size of the surface to be 

sterilized, volume, treatment duration, and post-

treatment time for evaluating sterilization 

efficacy. 

(3) Influence of the item being sterilized; surface 

type, roughness, interaction between the surface 

and plasma (components), catalytic effects, 

temperature, moisture/biofilm formation. 

However, the inactivating effect (efficacy) of 

plasma sterilization is also influenced by the type of 

bacteria or spores themselves: RONS cause 

chemical bonds to break and lead to erosion of the 

cell membrane. This results in lipid peroxidation, the 

denaturation of proteins and enzymes, and the 

oxidation of amino acids (enzyme inactivation) both 

here and within the cell. Furthermore, the resulting 

RONS can damage the cell’s DNA/RNA; it is 

known that these interact directly with factors 

related to survival and proliferation. Different cell 

types are affected to varying degrees by oxidative 

stress; conversely, a small amount of additional 

oxidative stress can contribute to increased cell 

growth, and apoptosis/necrosis is only initiated once 

a critical threshold is exceeded. 

Conclusions 

The use of plasma – particularly non-thermal plasma 

– as a sterilization method represents an interesting 

alternative to traditional sterilization methods. 

However, a wide range of interactions must be taken 

into account when selecting appropriate parameters 

and evaluating efficiency. 
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Abstract: Dynamic reconstruction of Fe-Co-Ni-based catalysts under OER conditions is crucial for catalytic 

activation, yet its correlation with valence changes remains unclear. Here, an anodized Fe-Co-Ni spinel oxide 

ECPA film derived from a metal fluoride precursor was investigated as a model catalytic interface. Integrated in 

situ Raman spectroscopy, XRD, and XAFS revealed transformation of low-crystallinity spinel oxides into non-

layered γ-Ni1-x-yFexCoyOOH. The analyses establish a valence–structure–activity relationship: Ni and Co drive 

reconstruction and act as OER-active sites, whereas Fe stabilizes the reconstructed structure. 

Keywords: OER; Anodizing; in situ Raman spectroscopy; XRD; XAFS 

Introduction 

Transition-metal oxide electrocatalysts often 

undergo potential-dependent structural and 

electronic changes under OER conditions. Such 

dynamic reconstruction can generate the 
catalytically active phase, but correlating structural 

transformation, metal valence changes, and catalytic 

activation under identical electrochemical 

conditions remains challenging. To overcome this 

issue, we focused on an electrocatalyst prepared by 

anodizing (ECPA) from an anodized metal fluoride 

precursor [1]. The ECPA film consists of ultrasmall 

low-crystallinity Fe-Co-Ni spinel oxides, enabling 

nearly complete reconstruction into an OER-active 

metal oxyhydroxide phase. Here, in situ Raman 

spectroscopy, in situ XRD, and in situ XAFS were 
integrated to clarify the valence–structure–activity 

relationship during OER.  

Results and Discussion 

The ECPA film was prepared by anodizing Kovar 

(Fe-16.3 wt% Co-29.7 wt% Ni) at 10 V for 60 min 

in ethylene glycol containing 0.54 M NH4F and 2.5 

M H2O, followed by electrochemical activation in 

1.0 M KOH. In situ Raman spectroscopy revealed 
that spinel oxides in the ECPA film reversibly 

transform into γ-Ni1-x-yFexCoyOOH under anodic 

polarization. The spinel-related Raman peak at 690 

cm-1 decreased with increasing potential, whereas γ-

Ni1-x-yFexCoyOOH peaks at 474 and 554 cm-1 

appeared and increased. In situ XRD revealed a 

broad diffraction feature corresponding to in-plane 

ordering of edge-sharing octahedral sites, while the 

diffraction peak associated with layered stacking 

was absent, indicating the formation of non-layered 

γ-Ni1-x-yFexCoyOOH. Figure 1 shows the correlation 
between spinel Raman intensity and metal K-edge 

shifts obtained from in situ XAFS measurements. 

The Ni and Co K-edge positions shifted to higher 

energy as the spinel Raman peak decreased, 

indicating that oxidation of Ni2+ to Ni3+ and Co2+ to 
Co3+ drives the structural transformation. At higher 

potentials, the continued positive shifts suggest the 

generation of highly oxidized Ni and Co species that 

act as the active sites for the OER. In contrast, Fe 

showed only a gradual shift, suggesting that Fe 

stabilizes the reconstructed structure rather than 

acting as the main redox-active site. 

Conclusions 

Integrated in situ analyses elucidated the dynamic 

reconstruction of anodized Fe-Co-Ni spinel oxide 

into non-layered γ-Ni1-x-yFexCoyOOH during OER. 

This transformation is driven by Ni and Co oxidation, 

while Fe stabilizes the reconstructed structure. 
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Abstract: Current cancer biomarkers often rely on costly sequencing or unreliable antibodies. Therefore, we 
developed molecularly imprinted polymers (nanoMIPs) targeting a novel epitope of a cancer protein. Using solid-
phase synthesis, we fabricated homogenous nanoparticles under 100 nm, ideal for biosensing applications. They 
demonstrated binding affinities comparable to natural antibodies. Future work will focus on developing an optical 
biosensor, benchmarking its performance against traditional antibodies. 

Keywords: artificial antibody; epitope imprinting; cancer detection; molecularly imprinted polymers  

Introduction 
Cancer is a highly heterogeneous disease, making 
precision medicine essential for optimising targeted 
treatments [1]. As such, there is a critical demand for 
robust materials capable of detecting specific 
genetic mutations in tumours to guide clinical 
decisions. Current diagnostics including genetic 
sequencing and traditional antibodies suffer from 
high costs, complexity, and batch-to-batch 
variability [2]. To overcome these limitations, this 
research develops advanced molecularly imprinted 
nanoparticles (nanoMIPs) for an optical biosensing 
platform. These highly specific, cost-effective 
artificial receptors provide robust alternatives to 
conventional tools, enabling rapid and accurate 
screening to guide targeted clinical therapies. 

Results and Discussion 
To evaluate the synthetic receptors, nanoMIPs were 
successfully synthesised against a novel short 
peptide sequence representing the target biomarker 
using a solid-phase approach [3]. Dynamic Light 
Scattering (DLS) and Scanning Electron 
Microscopy (SEM) confirmed the fabrication of 
homogenous, spherical nanoparticles. The targeted 
nanoMIPs exhibited an average diameter of 60 nm 
and a hydrodynamic diameter (Dh) under 80 nm (see 
Figure 1), a size range crucial for biosensing 
applications. Binding affinity and thermodynamics 
were evaluated using Surface Plasmon Resonance 
(SPR), Bilayer Interferometry (BLI), and Isothermal 
Titration Calorimetry (ITC). Quantitative binding 
analysis revealed consistent dissociation constants 
(KD) in the micromolar range [2], recording 7.91 µM 
for SPR, 8.46 µM for BLI, and 2.25 µM for ITC. 
This validation confirms their strong target capture 
capabilities, proving these synthetic receptors 
perform comparably to traditional commercial 
antibodies. 

 

Figure 1: Normal MIPs were tested for a) DLS 
presenting Dh. b) SEM image showing spherical 
morphology. c) ITC showing affinity and 
stoichiometry. d & e) BLI and SPR showing binding 
kinetics, respectively. 

Conclusions 
The successful solid-phase synthesis of 
homogenous, nanoscale MIPs has provided a robust 
synthetic receptor with binding affinities 
comparable to traditional antibodies. These 
materials hold strong potential for detecting 
mutations in heterogeneous tumours, ultimately 
optimising precision cancer treatments. 
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Abstract: Selective bacterial recognition remains challenging due to limitations of biological receptors and 

conventional imprinting approaches. Here, we present a template-bacteria-free strategy combining 

photolithographic surface imprinting and molecular imprinting to create biomimetic polymer interfaces. 

Importantly, lipopolysaccharide-functionalized stamps introduced chemical recognition, yielding synergistic 

physical–chemical binding and enhanced capture efficiency (imprinting factor up to 6.5) and decent selectivity. 

The approach provides a scalable platform for robust, low-cost biosensing and environmental monitoring. 

Keywords: surface-imprinted polymers; molecular imprinting; E. coli detection; lipopolysaccharides; biomimetic 

interfaces; biosensors

Introduction 

Selective capture of bacteria at engineered interfaces 

is essential for biosensing and environmental 

monitoring. While biological receptors such as 

antibodies offer high specificity, they suffer from 

limited stability and high costs [1]. Synthetic 

alternatives, particularly molecularly imprinted 

polymers (MIPs), provide robust and scalable 

recognition platforms. Surface-imprinted polymers 

(SIPs) enable direct whole-bacteria detection 

through shape-selective cavities but conventional 

fabrication relies on whole bacterial templates, 

leading to poor reproducibility and biosafety 

concerns [2]. Template-bacteria-free approaches 

using photolithographic mimics address these issues 

by allowing controlled and reproducible interface 

design, though they primarily offer physical 

recognition. Here, we introduce a dual-mode 

strategy combining geometry-based surface 

imprinting with molecular imprinting of 

lipopolysaccharides (LPS), enabling synergistic 

physical and chemical recognition without using 

whole bacterial templates [1]. 

Results and Discussion 

The dual-mode imprinting strategy was exemplarily 

demonstrated with selective detection of E. coli 

bacteria, by first fabricating photolithographic 

mimics and then, introducing lipopolysaccharide 

(LPS)-based molecular recognition. The resulting 

surfaces exhibited well-defined, high-density 

cavities that integrate geometric matching with 

molecular recognition. 

This synergy led to significantly enhanced bacterial 

capture (imprinting factor up to 6.5) and improved 

selectivity toward E. coli, as demonstrated against 

non-target microorganisms with mismatched size 

and shape. 

 

Figure 1: Dual-mode (geometry + LPS) imprinting 

concept for template-free bacterial recognition. 

Conclusions 

This work highlights the critical role of combining 

physical and chemical cues in designing highly 

efficient and selective functional interfaces. 
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Combinatorial Screening of Anodic Ti-Hf Oxides for Memristive 

Switching Properties 
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Abstract: This work investigates anodically formed Ti-Hf mixed oxides for their resistive switching behaviour. 

The memristive devices were fabricated via a sputtered combinatorial Ti-Hf alloy library with compositions 

ranging from 15-90 at. % Hf. The devices show forming-free, volatile, analog switching with self-rectification 

and composition-dependent behavior. The increase in Hf content raises the SET voltage, while lowering the 

RESET voltage, and improving the high resistive state to low resistive state (HRS/LRS) ratio. Electrical 

characterization and Transmission Electron Microscopy (TEM) indicate interfacial resistive switching based on 

Schottky emission. This highlights the use of Ti-Hf anodic memristors as tuneable materials for neuromorphic 

applications. 

Keywords: anodic memristors; resistive switching; interfacial switching;  

Introduction 

Memristors are metal-insulator-metal (MIM) 

devices, which can retain and recall their resistance 

states. This property makes them attractive for 

memory and neuromorphic electronics. Anodization 

offers a controllable and low-cost route for the 

fabrication of the insulating layer. TiO2 supports 

oxygen-vacancy-driven switching, while HfO2 

improves stability and lowers leakage. Creating a 

mixed oxide enables compositionally tuned 

interfacial switching [1,2]. 

 

Results and Discussion 

All anodically formed Ti-Hf mixed oxide devices 

across the 15-90 at. % Hf library were electrically 

investigated and showed electroforming-free, 

volatile, analog switching with strong self-

rectification. The observed switching behaviour was 

composition-dependent. The increase in Hf content 

raised the SET voltages, lowered the RESET 

voltages, and improved the overall HRS/LRS ratios. 

Among all compositions, the Hf-rich region, more 

specifically the Ti-75 at. % Hf device, offered the 

best ratio of stable switching and reliable endurance. 

TEM analysis revealed an approximately 20 nm 

oxide with amorphous and polycrystalline regions, 

as can be seen in Figure 1 (a) and (b). Furthermore, 

conduction analysis confirmed Schottky emission, 

supporting interfacial, filament-free switching [2]. 

 

Figure 1: A summary of TEM characterization of the 

Ti-75 at% Hf specimen. (a) overview of the MIM 

structure (b) magnified image of the anodic active 

layer [2]. 

 

Conclusions 

Ti-Hf mixed anodic oxides show compositionally 

tuneable, forming-free, and analog memristive 

behavior with intrinsic self-rectification. The Hf-

rich region, (50-90 at. % Hf), showed superior 

switching, high HRS/LRS ratios, and stable 

endurance, making these devices promising for low-

power neuromorphic computing. 
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Design and Implementation of a Catheter-Integrated Biosensor 

Based on Molecularly Imprinted Polymers for Histamine Detection 
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Abstract: The elevated level of histamine in the irritable bowel syndrome (IBS) patients motivated us to develop 

a catheter based biomimetic sensor functionalised with molecularly imprinted polymers (MIPs) coated on gold 

electrodes. MIPs are man-made biomimetic receptors famous for their stability and reusability. Their polymer 

network has recognition sites complementary to histamine and can be used for the fabrication of bioreceptors for 

selective histamine detection by impedance spectroscopy in complex biological fluids. And in addition, these 

MIP-based biosensors would be reliable, economic and sustainable for the detection of analyte concentration from 

picomolar to milli molar range. 

Key Words: histamine detection; catheter sensors; gastrointestinal disorders; molecularly imprinted polymers

Introduction 

In the functional gastrointestinal (GI) disorders for 

instance IBS include symptoms such as abdominal 

pain, change in bowel habits, bloating, and ab-

dominal distension. IBS is a heterogeneous entity re-

sulting from many different overlapping factors such 

as inflammation, neuroimmune interactions, gut mi-

crobiota, environmental pollution, and an abnormal 

gut-brain axis. Immune cells (mast cells) release dif-

ferent inflammatory chemicals like histamine that 

play a key role in the pathogenesis of IBS [1]. Cur-

rent diagnostic procedures are invasive and limited. 

We propose a minimally invasive approach using 

catheter-based impedance sensors functionalized 

with molecularly imprinted polymers (MIPs) for de-

tecting histamine concentrations from 10-9 M to 10-3 

M range directly in the complex media [2]. 

Results and Discussion 

In this sensor different electrode combinations are 

present to determine clearest correlation between a 

given histamine concentration and the correspond-

ing increase of the impedance signal. The responses 

of electropolymerized pyrrole MIP-coated gold 

electrodes to the target analyte (histamine), pseudo-

analyte (histidine) for selectivity testing, and NIP-

coated reference electrodes for non-specific adsorp-

tion are shown in Figure 1a. The binding mecha-

nisms between analyte and the MIP, involving π–π 

interactions and H-bonding, are illustrated in Figure 

1b. Impedance spectroscopy and equivalent-circuit 

modelling showed that histamine binding to MIP-

functionalised electrodes increases interfacial re-

sistance. To mimic intestinal conditions, histamine 

concentrations from 10⁻⁹ to 10⁻³ M in 1× PBS were 

measured at 37 °C across different pH levels in a 

dummy model. The sensor showed the saturation up 

to the detection limit down to 10 nM, covering the 

physiological range (up to >1 µM) relevant for IBS 

diagnosis. 

 

 

Figure 1: a) Different electrode combinations. b) 

Binding mechanism between histamine and MIP 

through π–π interactions and H-bonding. 

Conclusions 

The minimal invasive catheter-based impedimetric 

sensor for the detection of small histamine concen-

tration up to 10-9 M range in complex media facili-

tates the diagnosis of irritable bowel syndrome and 

could be of interest for pharmaceutical and medical 

researchers. 
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Abstract: Fibrosis around cochlear implant electrodes increases impedance, motivating the development of 

antifibrotic surface modifications. This study investigates electrospun PDMS fibers as porous coatings, focusing 

on curing state and solvent effects. Fiber formation and shape retention was possible for curing states preceding 

the gel point, while solvent choice governed morphology and diameter. Controlled processing enabled tunable 

PDMS nonwovens with potential for biomedical applications. 

Keywords: Electrospinning; Hydrophobic surface coating; Silicone; Cochlear implants 

Introduction 

The impedance of cochlear implants is adversely 

affected by fibrosis surrounding the electrode array 

[1]. Potential strategies for reducing fibrosis include 

surface microstructuring and the use of hydrophobic 

materials [2]. A potential approach to combine these 

strategies is to apply highly porous coatings made of 

electrospun poly(dimethylsiloxane) (PDMS) fibers 

to the electrodes. However, electrospinning PDMS 

elastomer poses a fundamental processing chall-

enge. Cured elastomers are insoluble and lack the 

flow properties required for electrospinning, while 

the prepolymers typically exhibit low glass 

transition temperatures and remain liquid at ambient 

conditions. Consequently, maintaining the structural 

integrity of deposited fibers necessitates in situ 

curing of the elastomer system during electro-

spinning. In addition, solvents must be added to 

ensure sufficient charge carrier density. 

This study investigates the influence of solvent 

selection and curing degree on electrospun fibers 

from Sylgard 184 silicone elastomer. In situ curing 

was implemented by combining infrared radiation 

and a heated plate collector. 

Results and Discussion 

The success of electrospinning PDMS strongly 

depends on the curing state of the elastomer system. 

Over wide timescales of the curing process, only 

electrospraying occurred, accompanied by minor 

changes in viscosity and negligible elasticity. As the 

curing reaction approached the gel point, a clear 

increase in viscosity was observed, and elastic 

behavior became detectable by rheological measure-

ments. This transition corresponded to the shift from 

electrospraying to electrospinning. Successful 

electrospinning was achieved using hexane (HEX), 

chloroform, tetrahydrofuran (THF), and acetone 

(AC) as solvents. In contrast, more polar solvents 

than acetone did not yield homogeneous mixtures 

with the prepolymer. 

 

Figure 1: Electrospun nonwovens of PDMS in 

hexane (left) and tetrahydrofuran (right) exhibited a 

distinct fiber morphology and connected fiber 

interspaces. 

Solvent conductivity significantly influenced fiber 

diameter distribution, as the nonpolar PDMS 

prepolymer contains almost no intrinsic charge 

carriers. Measured fiber diameter decreased with 

increasing solvent polarity, yielding 210 ± 26 μm 

(HEX), 70 ± 18 μm (THF) and 24 ± 5 μm (AC). 

Solvent choice also influenced structural integrity of 

the fibers. Fibers electrospun from HEX and THF 

demonstrated good structural integrity, whereas 

sagging occurred for fibers spun from AC. 

Conclusions 

Precise control of curing time combined with 

appropriate solvent selection enables the fabrication 

of electrospun PDMS nonwovens with well-defined 

fiber geometries and interconnected porosity. Future 

work will focus on evaluating the effect of surface 

coatings on fibroblast growth. 
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Abstract: Creatinine (Cr) is a key biomarker for assessing renal function, with abnormal levels indicating kidney 
disease. Conventional detection methods rely on centralized laboratories and sophisticated instrumentation; while 
accurate, they are not suitable for rapid point-of-care (PoC) diagnostics. This study presents a low-cost 
electrochemical sensor based on creatinine-imprinted electroactive molecularly imprinted polymer nanoparticles 
(Cr-eMIPs), which combine enzyme-like affinity with low cost, robustness, and simple fabrication. Cr-eMIPs 
were drop-cast onto disposable screen-printed electrodes (SPEs) to enable Cr detection over a wide range (1-120 
μM) with a low detection limit (~11 μM). The sensor shows high sensitivity, strong selectivity against common 
interferents, and excellent stability (>6 months). It was validated in artificial urine and human serum samples (20-
200 μM), with future benchmarking against commercial assays, demonstrating strong potential for PoC kidney 
diagnostics. 
Keywords: electroactive molecularly imprinted polymer nanoparticles (eMIPs), screen printed electrode (SPEs), 
conductive polymers, Polypyrrole (PPy)

Introduction 
Chronic kidney disease (CKD) affects ~788 million 
people worldwide and is a major cause of morbidity 
and mortality. Abnormal creatinine levels (<40 μM 
or >150 μM) are linked to renal and muscular 
disorders, emphasizing the need for reliable 
quantification.[1-2] Conventional tests are simple 
but not selective (e.g., Jaffe’s reaction), while 
advanced methods (HPLC, LC-MS/MS) are 
accurate but too complex and costly for PoC use.[ 
3] Molecularly imprinted polymers (MIPs) offer a 
promising alternative due to their low cost, high 
stability, reusability, and excellent selectivity for 
target molecules.[4] In this work, we developed a 
Cr-eMIPs SPEs based sensor for rapid (<30 s), 
sensitive, and selective electrochemical detection of 
Cr, enabling next-generation non-enzymatic 
monitoring for CKD management.  

            Results and Discussion 
              eMIPs produced through free-radical 

polymerization were characterized using different 
techniques.[5] DLS and TEM showed an average 
particle size of 122 ± 0.9 nm and 54 ± 4 nm 
respectively. Then, Cr-eMIPs SPEs were incubated 
with Cr (20-120 μM) for 1 min and cyclic 
voltammograms (CV) were recorded. CV results 
observed the linear decrease in current with the 
increasing concentration of Cr (Figure 1a). 
Moreover, the sensor, combining high selectivity 
(no interference with interferents) and sensitivity, 
was tested in Cr spiked artificial urine (A.U) 
samples, with LOD of 10.57 μM (1b).  

 
Figure 1: CV of Cr-eMIPs in the presence of Cr (1-
120) and (b) CV of Cr-eMIPs in A.U samples; inset is 
CC of Cr at x-axis vs. ΔI at y-axis (n=3). 
Conclusions 
The developed Cr-eMIP sensor enables sensitive and 
selective Cr detection over a clinically relevant range 
using a low-cost, disposable platform. It demonstrates 
excellent stability, robustness, and reliable 
performance in complex biological samples such as 
A.U and human serum. CKD Patient serum and urine 
samples will be tested using this sensor, highlighting 
its potential for PoC kidney function monitoring.  
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Abstract: Peri-implant infections are caused by shifts in the bacterial composition leading to a domination of 
pathogenic species.  These shifts are accompanied by changes in bacterial metabolism, making them suitable 
targets for early detection strategies. This study measured the pH and metabolites inside commensal and 
pathogenic multispecies biofilms cultivated in both static and dynamic conditions using advanced imaging and 
assays. Analysis revealed reduced acidification in pathogenic biofilms. Additionally, indole and gingipain were 
identified as promising biomarkers for early detection of oral dysbiosis. 

Keywords: oral biofilms, pH value, metabolite analysis, in vitro models 

Introduction 
Biofilms in the oral cavity contain diverse microbes 
that interact through complex metabolic pathways. 
The onset of diseases such as periodontitis and peri-
implantitis are caused by a shift in the bacterial 
compositions from commensal to pathogenic 
species, correlating with disease progression [1]. 
Accompanied by this are changes in secreted 
metabolites, posing a promising target for early 
disease detection [2]. Within the present study, 
differences in oral in vitro multispecies biofilm pH 
and associated molecules in correlation to 
commensal and pathogenic species under static and 
dynamic cultivation conditions have been evaluated 
to form the knowledge base for dysbiosis sensor 
development. 

Results and Discussion 
Commensal biofilms showed stronger acidification 
compared to pathogenic biofilms under static 
conditions due to elevated levels in acidifying 
commensal species.  
In the HOBIC model, an early drop in pH was 
followed by partial neutralization, with the most 
acidic layer at the biofilm-surface-interface caused 
by lactate-producing early colonizers. Even though 
lactate levels were higher in pathogenic biofilms, no 
relation to pH development could be found, 
suggesting lactate to be unfit as biomarker.  
Contrasting this, both indole and gingipain increased 
in correlation with pathogenic species and pH, 
making them excellent candidates for biomarkers for 
early dysbiosis detection. 
Conclusions 
Changes in the local pH and the increase in indole 
and gingipain showed promising potential as targets 
for early dysbiosis detection in oral biofilms.

 

 

Figure 1: Commensal and pathogenic biofilm 
combinations cultivated statically in well plates and 
dynamically using the adaptive Hannoverian oral 
multispecies biofilm implant flow chamber (HOBIC) 
model. 
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Abstract: Chemical sensors with field-effect structures are used in a wide range of applications. As with all 

chemical and biological sensors, these require regular calibration. Drift effects in such sensors are caused primarily 

by shifts in the flatband voltage, in addition to the sensor-active component (receptor layer). Here, we will study 

the extent to which external UV irradiation can adversely affect three different field-effect layer structures of Al/p-

Si/SiO₂/Ta₂O₅, Al/p-Si/SiO₂, and Al/n-Si/SiO₂/Si₃N₄, respectively. 

Keywords: ISFET; EISCAP; LAPS; field-effect structure; flatband shift; UV 

Introduction 

Ion-sensitive field-effect transistors (ISFETs), light-

addressable potentiometric sensors (LAPS), and 

electrolyte–insulator–semiconductor capacitors 

(EISCAPs) constitute a family of chemical sensors 

featuring a field-effect structure [1]. Depending on 

the bias voltage applied to the electrolyte–insulator–

semiconductor (EIS) system, the semiconductor 

surface transitions through accumulation, depletion, 

and inversion. Variations in the surface potential of 

the insulator (reflecting activity of target ions in the 

solution) are detected as changes in channel 

conductance in ISFETs, or as capacitance changes 

within the depletion layer in EISCAPs and LAPS. 

To compensate for long-term drift, for all such 

sensors, periodic re-calibration is required. A shift in 

the flatband voltage is a primary cause of this drift, 

which is highly dependent on measurement and 

storage environments. In this study, the effects of 

UV irradiation on the flatband voltage of the EIS 

system were investigated, drawing an analogy to 

similar phenomena in metal-oxide-semiconductor 

(MOS) systems [2]. 

Results and Discussion 

Three different layer structures were investigated: 

(a) Al/p-Si/30 nm SiO₂/60 nm Ta₂O₅, (b) Al/p-Si/30 

nm SiO₂, and (c) Al/n-Si/50 nm SiO₂/50 nm Si₃N₄. 

An ohmic contact of 300 nm Al was evaporated onto 

the bottom and annealed at 400 °C for 10 min. Each 

sample was cut to 10 × 10 mm². The insulator 

surface was exposed to pH 7 buffer containing a 

reference electrode. Capacitance–voltage (C–V) 

curves were acquired by sweeping the bias voltage 

across the EIS system. After the solution was 

removed and the insulator surface was dried, the 

samples were irradiated with UV light (λ= 365 nm 

with 50 mW/cm²) for 20 min. Finally, the insulator 

surface was again exposed to the solution, and the 

C–V measurements were repeated. Figure 1 shows 

the flatband voltage shift of the different EISCAP 

systems caused by the UV illumination. 

 

Figure 1: Flatband voltage shift of EISCAP systems 

caused by UV irradiation. (a) Al/p-Si/SiO2/Ta2O5, 

(b)Al/p-Si/SiO2, (c) Al/n-Si/SiO2/Si3N4. 

Conclusions 

Effect of UV radiation on flatband voltage shift in 

field-effect sensors should be taken into account, 

particularly in long-term measurements. Since there 

is currently very little information on this topic in the 

literature, further experiments are planned to 

contribute to a deeper understanding. 

References 

[1] M.J. Schöning, A. Poghossian. Electroanalysis  

(2006) 1893-1900. doi:10.1002/elan.200603609 

[2] D. Ikeguchi, T. Hosoi, Y. Nakano, et al. Appl. Phys. 

Lett. 104 (2014) 012107. doi:10.1063/1.4860987 

14 

mailto:iken@fh-aachen.de


Spin-Dependent Wetting of Chiral Molecules via CISS 

Mampi Biswas 1, Martin Villanueva 1, Anu Gupta 2, Ron Naaman 3, Patricia Losada Pérez 1, Yves H. Geerts 1 

mampi.biswas@ulb.be 

1Université Libre de Bruxelles, Plaine Campus, Boulevard du Triomphe, ACC.2, 1050 Brussels, Belgium 

2The Hebrew University of Jerusalem, Institute of Applied Physics, 9190401 Jerusalem, Israel 

3Weizmann Institute of Science, Perlman Chemical Sciences Building, 76100 Rehovot, Israel 

 

Abstract: The chiral-induced spin selectivity (CISS) effect describes spin-dependent charge transport through 

chiral molecules. Here, we probe its macroscopic manifestation via time-dependent contact-angle measurements 

of D- and L-cysteine on Au/Ni spin-polarized substrates under magnetization reversal. Distinct wetting dynamics 

and contact angles are observed for opposite spin directions, linking spin-chirality coupling to macroscopic 

interfacial behaviour. 

Keywords: CISS effect; spin-polarized interfaces; contact angle dynamics; enantiospecific adsorption.

Introduction 

The chiral-induced spin selectivity (CISS) effect 

links molecular handedness with spin-polarized 

substrates via spin-dependent charge transfer. 

Although widely studied using transport and 

electrochemical methods, its manifestation in 

macroscopic interfacial properties remains largely 

unexplored. The contact angle of cysteine solution 

droplets, governed by interfacial free energies, is not 

expected to distinguish between enantiomers on 

non-magnetic surfaces, but it may become sensitive 

under spin polarization. Here, we investigate 

whether time-dependent wettability of cysteine 

enantiomers on Au/Ni substrates can reveal spin-

chirality coupling at functional interfaces. 

 

Results and Discussion 

We measured the time-dependent contact angle of 

different concentrations of D-cysteine and L-

cysteine solutions in phosphate buffer on Au/Ni/Ti 

substrates under an external magnetic field of 448 

mT, reversing the magnetization direction beneath 

the spin-polarized substrate. The phosphate-buffer 

control showed no measurable response to 

magnetization reversal. A racemic cysteine solution 

also showed no spin-dependent wetting, as expected. 

A polarization was defined from contact angles () 

as, 
P (𝜃) =  

𝜃↑ − 𝜃↓

𝜃↑ + 𝜃↓

 ×  100% 

In contrast, enantiopure samples exhibited opposite 

wetting dynamics, satisfying 𝜃(𝐷, 𝑀 ↑) ≈

𝜃(𝐿, 𝑀 ↓) and 𝜃(𝐿, 𝑀 ↑) ≈ 𝜃(𝐷, 𝑀 ↓). Kinetics 

were analysed via plateau contact angle values and 

single-exponential fits, yielding rate constants and a 

kinetic polarization, 

 P (𝑘) =  
𝑘𝑁 − 𝑘𝑆

𝑘𝑁 + 𝑘𝑆

 ×  100% 

These results indicate a chiral contribution to the 

solid–liquid interfacial free energy, likely arising 

from spin-dependent interfacial kinetics. 

Figure 1: (a) Time-dependent polarization for 100 

mM cysteine from contact angles (Eq. 1). (b) 

Concentration-dependent polarization from kinetic 

analysis (Eq. 2) for D-, L-, and racemic cysteine. 

Conclusions 

Contact angle measurements reveal spin-dependent, 

enantiospecific wetting, supporting the 

manifestation of CISS effects at macroscopic 

interfaces. 
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Abstract: We present the design of a flow-cell setup for the impedimetric detection of per- and polyfluoroalkyl 
substances using screen-printed electrodes (SPEs). A prototype of the designed flow-cell was manufactured by 
selective laser etching of glass. The setup relies on mini-Luer connectors to attach tubing. 

Keywords: screen-printed electrode; PFAS; impedance 

Introduction 
The detection of per- and polyfluoroalkyl substances 
(PFAS) has gained considerable attention. These 
synthetic molecules can be found in nature 
worldwide. This was mainly caused by their high 
stability and liberal use in industrial applications and 
consumer products. The aim of the “PFAS-resolve” 
project is to develop a rapid portable, user-friendly, 
cost-effective on-site analysis platform. This will 
enable the mapping of contaminated areas by 
detecting PFAS in environmental samples. The 
flow-cell setup (see Figure 1), which is presented 
here, was designed for Metrohm DropSens 11L 
sensors [1]. These SPEs were functionalized with 
molecular imprinting of a polymer to detect 
perfluorooctanoic acid by Lourenço et. al [2,3]. 

Results and Discussion 
The designed flow-cell was manufactured by 
selective laser etching of glass using a laser induced 
etching process (LightFab). The backplate is made 
of polylactic acid (PLA). An optical microscope 
(Keyence) was used to investigate the required 
rinsing volume with colored solutions for various 
flow rates. The flow-cell was watertight under the 
tested conditions using a PLA clamp to apply the 
required mounting pressure. Test impedance 
measurements of unmodified SPEs were performed 
with the portable impedance analyzer “Sensit 
Smart” (PalmSens). 

Conclusions & Outlook 
The prototype flow-cell was successfully fabricated 
out of glass to be corrosion-resistant and heat-
tolerant. Testing proved a watertight fluidic setup. In 
the future, the functionality shall be extended by a 
temperature control unit and automatic liquid 
handling. A peripheral solid-phase extraction setup 
for soil samples will be added. 

 

 

Figure 1: Render of the flow-cell concept for the 
detection of PFAS with screen-printed electrodes 
(glass flow-cell dimensions: 25 x 25 x 3.3 mm3). The 
Sensit Smart is connected to a laptop via USB-C. 
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Abstract: Confocal Raman microscopy was used to investigate diffusion-driven degradation at metal–polymer 

interfaces in active implantable medical devices utilizing a standardized test with embedded metal structures 

beneath a protective polymer layer to simulate electrolyte-induced interface degradation. Raman imaging 

provides chemically specific, high-resolution maps of delamination and diffusion-related transformations below 

the polymer coating. This enables the detection of silver and copper sulfides and oxides, indicating corrosion at 

the interface, highlighting Raman microscopy as a powerful tool for studying degradation in AIMD materials. 

Keywords: Confocal Raman microscopy, metal-polymer interface, corrosion, AIMDs

Introduction 

Active implantable medical devices (AIMDs) are a 

cornerstone of modern medical innovation, enabling 

life-sustaining and life-enhancing therapies. Despite 

strict regulatory requirements and extensive safety 

testing, their long-term reliability remains 

challenged by body-fluid permeation through 

protective encapsulation layers. Subsequent ion 

diffusion can induce reactions at metal–polymer 

interfaces, promoting corrosion and device 

malfunction. To investigate these processes, a 

standardized sample with embedded metallic 

structures beneath a polydimethylsiloxane (PDMS) 

layer was developed.¹ Exposure to reactive solutions 

containing inorganic and organic sulfides enabled 

systematic investigation of diffusion-driven 

interface degradation, as these compounds oxidize 

the metal surface and induce an optical color change. 

Confocal Raman imaging (CRI) combines 

spectroscopy with high-resolution imaging, 

providing a label-free method to chemically resolve 

these processes. In this way, CRI extends 

microscopic analysis by enabling chemically 

specific identification and spatial mapping of 

corrosion products. 

Results and Discussion 

Microscopic investigations (Figure 1a, c) provided 

an initial overview of the heterogeneous spatial 

distribution of copper- and silver-based corrosion 

products within the samples. Surface alterations and 

deposits indicated the formation of corrosion layers; 

however, this preliminary assessment, based mainly 

on color changes, did not allow differentiation 

between individual corrosion species such as oxides 

and sulfides. Planar CRI of a silver surface revealed 

the lateral distribution of AgxO/AgyS-related species 

(Figure 1b). In contrast, depth-resolved Raman 

imaging through the PDMS encapsulation 

(Figure 1d) revealed a roughened copper surface 

covered with CuxSy-related corrosion products. 

These findings indicate that corrosion does not 

proceed homogeneously at the metal-polymer 

interface. 

 

 

 

Figure 1: Microscopy images of Ag- and Cu- based 

oxide/sulfide derivatives are shown in Figure (a, c), 

respectively. Figure (b) highlights the distribution of 

Ag corrosion products in red and yellow. In Figure 

(d), the blue region corresponds to CuxSy, while 

purple and turquoise indicate mixed phases; PDMS 

is shown in orange. 

Conclusions 

Optical microscopy revealed surface alterations and 

spatial distribution of oxide- and sulfide-based 

corrosion products. Raman imaging enabled their 

chemical differentiation and confirmed the 

formation of Ag- and Cu-based species beneath the 

PDMS layer. Thus, Raman microscopy provides a 

powerful tool for identifying and spatially mapping 

chemically distinct corrosion species at metal–

polymer interfaces. 
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Abstract: AFM topography is broadened by tip sample convolution limiting the lateral resolution. In this work the
analytical deconvolution methods of Markiewicz et al. and Marques-Moros et al. are compared for nanostructures
of different shapes. For fins, Marques-Moros achieves a maximum relative width error of about 18 %, versus about
45 % for Markiewicz; for a 76 nm SiO2 nanoparticle, both methods give similar widths (75.6 nm and 74 nm).
Therefore, Marques-Moros is viable for both types of topography, while Markiewicz is well suited for nanoparticle
deconvolution with the advantage that the tip angle does not have to be known.
Keywords: Atomic ForceMicroscopy, nanoparticles, dielectric constant, characterization and analytical techniques

Introduction
Atomic Force Microscopy is a well-established method
for surface characterization with subnanometer accuracy.
In AFM the observed topography is always the convo-
lution of real topography of the sample and the shape
and size of the tip. To gain the exact topography the
size of the tip has to be known precisely. Vice versa,
a known topography can be used to reconstruct the size
and shape of the tip. This can be done by using a rough
sample with high and sharp spikes. With mathematical
approaches like Markiewicz et al. and Marques-Moros
et al. it is possible to get information about the tip size
whilst measuring. [1, 2] In this work, the well-established
method for particles by Markiewicz et al. is compared
to the method by Marques-Moros et al. for a rectangular
reference structure and for nanoparticles (NP).

Results and Discussion
Comparing the two deconvolution methods for recon-
structing fins it is clearly visible that the method by
Marques-Moros et al. is better suited. With their method,
the worst error from the width w is 18 % at 80 nm. This
is an improvement by the factor of 2.5 compared to the
worst error using Markiewicz at al. with 45 % at 80 nm.
The same comparison of deconvolution methods as in
Figure 1a was repeated for a 76 nm SiO2 NP (Figure 1b).
In this case the method according to Marques-Moros et
al has similar results as Markiewicz et al. With a particle
height of 76.3 nm the total measured width wtot is 169
nm. The tip used has a radius of 31 nm and a tip angle
of 20°. The deconvoluted particle width is 75.6 nm for
Markiewicz et al. and 74 nm for Marques-Moros et al..
This difference of 2 % is negligible.

Conclusions
The method according to Marques-Moros et al. achieves
similar results as the method of Markiewicz et al. ap-
plied to nanoparticles, but only for well-known tip an-
gles. Therefore, Markiewicz et al is the preferred choice
for tip estimation and deconvolution.For structures like

fins the method of Marques-Moros et al. is preferable
due to its significant increase in accuracy compared to
Markiewicz et al.

(a) PMMA fins (60 nm and 200 nm)

(b) SiO2 NP

Figure 1: Schematic profile of (a) PMMA fins and (b) SiO2 NP
showing total measured width wtot, width after deconvolution ac-
cording to Marques-Moros et al. wmarques and Markiewicz et al.
wmarkiewicz , overlayed with the measured topography
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Abstract: Infectious biofilms contribute to peri-implant inflammation, bone loss, and implant failure. To 

investigate host–biofilm interactions, a 3D peri-implant model INTERbACT-B, was developed with fibroblasts, 

multilayered epithelium, and a scaffold-based hard-tissue compartment with human ostepblasts. Co-cultivation 

with multispecies commensal or pathogenic biofilms revealed biofilm-dependent changes in tissue responses and 

osteogenic marker expression, suggesting INTERbACT-B as a clinically relevant platform for studying peri-

implant host–biofilm interactions. 

Keywords: Peri implant diseases; 3D peri-implant model; Oral biofilms; Human osteoblast; HA/TCP scaffold. 

 

Introduction 
The interplay between host tissues and oral 

microorganisms plays a central role in maintaining 

peri‑implant health as well as to the onset and 

progression of peri‑implant diseases. Although the 

interest in developing novel therapeutic strategies is 

increasing, their clinical success will depend on a 

deeper understanding of host–biofilm interactions. 

To address this issue, a 3D in-vitro model mimicing 

the physiological soft tissue-implant interface was 

established (INTERbACT) but was lacking the peri-

implant bone compartment (1). Therefore, in this 

study the model was expanded by integrating a hard 

tissue scaffold loaded with human osteoblasts into 

INTERbACT-B, enabling reproducible co-culture 

experiments with commensal and pathogenic 

biofilms (2). 

 

Results and Discussion 
The INTERbACT-B construct maintained a stable 

implant–tissue interface, preserved multilayered 

tissue architecture, and supported cell viability 

throughout the culture period. An enhanced 

osteogenic differentiation within the model 

resembled by an upregulation of alkaline 

phosphatase (ALP), a key enzyme involved in early 

bone matrix mineralization, was observed. Upon 

biofilm stimulation, this ALP expression was 

significantly elevated only in case of commensal 

biofilms but not pathogenic once, suggesting a 

differential host–biofilm influence on osteogenic 

activity. 

 

Figure 1: Schematic illustration of INTERbACT-B 

model 

Conclusions 
The innovative INTERbACT-B model provides a 

clinically relevant platform for investigating host–

biofilm interactions and evaluating experimental 

implant surface modifications to enhance peri–

implant tissue integration. 
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Abstract: After cochlear implantation, the regeneration of spiral ganglion neurons and hair cells poses a major 

challenge for full hearing regeneration. One potential approach to improve recovery is the neuroprotective brain-

derived neurotrophic factor (BDNF) secreted from bone-marrow-derived mesenchymal cells (BMSCs), to 

increase neuronal cell survival and function. Here, we tested whether a CRISPR/Cas9-induced knockout has any 

influence on cell viability and trilineage differentiation. To clarify the knockout bdnf-expression in the modified 

cells, qPCR, as well as a cell viability test and cell staining, were performed. 

Keywords: CRISPR/Cas9 knockout, mesenchymal stem cells, brain-derived neurotrophic factor, selective 

pressure 

 

Introduction 

The CRISPR/Cas9 system permits modifying native 

cells to optimize targeted gene expression for 

clinical research and therapeutic applications [1]. 

Mesenchymal stem cells have the ability to release 

neuroprotective factors like BDNF to improve cell 

survival [2]. An elevated cellular selective pressure 

could be helpful to insert and overexpress an 

artificial gene [3] such as the optogenetic system 

CRY2/CIB to enable light dosage-dependent 

BDNF-release. 

Results and Discussion 

We generated a bdnf-knockout variant with 

downregulation of the mRNA by up to 60% 

(Fig.1A). We could show that the modified cells 

were comparably viable to untreated cells (Fig.1B) 

and did not substantially lack their original 

differentiation potency in comparison to native 

BMSCs (Fig.1C-E). As a next step, we will prove 

our hypothesis that the bdnf-knockout favours the 

transfectability of these cells with the optogenetic 

system. 

Conclusions 

The CRISPR/Cas9-mediated knockout decreased 

the native bdnf-expression in BMSCs without any 

cell-specific changes in viability or differentiation 

potential. 
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Figure 1: A) Bdnf-expression in modified BMSCs 

measured by RT-qPCR (N=2; n=3). B) Cell viability 

of modified BMSCs (N=1-2; n=3). C-E) Trilineage 

differentiation of modified BMSCs (N=1; n=1-3). 

CTR=Control BMSCs without knockout, Le= 

BMSCs with empty vector, KO1= Bdnf knockout 

variant 1, KO4= Bdnf knockout variant 4. 
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and supercapacitors  
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Abstract: The growing demand for miniaturized wearable and implantable electronic devices has driven research 

into advanced materials with piezoelectric and flexible properties. This work describes sensors and 

supercapacitors integrated into polyimide (PI) substrates by incorporating polyvinylidene fluoride (PVDF) 

membranes to generate a device with piezoelectric characteristics. The device assembly was performed using an 

interdigitated electrode (IDE) structure, a PVA (polyvinyl alcohol)/H3PO4-based gel electrolyte, and PVDF-based 

piezoelectric membranes produced by solvent casting. The results point to energy nanogenerator devices with 

hybrid characteristics such as intermediate power and energy density, fast response times, and low hysteresis. 

Keywords: Self-charging nanogenerators; PVDF; piezoelectric nanosensor; nanocomposites membranes 

Introduction 

Piezoelectric self-charging devices (PENGs) 

demonstrate a promising way to produce energy in 

devices that do not require large amounts of power. 

They are promising candidates for applications in 

wearable, implantable, Internet of Things (IoT), 

environmental and medical sensors, where low 

power consumption and autonomy are essential [1]. 

 

Results and Discussion 

A set of four devices was tested to investigate the 

influence of the composite membrane on the sensor 

or supercapacitor behavior. Cyclic voltammetry, 

galvanostatic charge/discharge, and impedance 

measurements were used to determine the values 

shown in the Ragone plot (Figure 1) and to 

understand the capacitive behavior and internal 

resistance, respectively [2]. 

 

Figure 1: Ragone plot for nanogenerators devices. 

Devices with high power density tend to be better 

sensors in chronopotentiometry at standardized 

frequency and gradually increasing pressure (see 

Figure 2). The device fabricated with PVDF rGO 

has a high sensitivity, current generation capacity, 

and low hysteresis of around 22.4 mV/N, 0.12 µA, 

and 0.14%, respectively. 

 
Figure 2: PVDF rGO CP analysis and sensitivity 

plot. 

 

Conclusions 

Devices manufactured with IDE substrate and 

PVDF composite membranes are potential 

candidates for applications as piezoelectric sensors 

and supercapacitors. 
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Neodymium-Samarium alloys with improved mechanical properties
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Abstract: An alloy of 50 at.% Neodymium (Nd) and 50 at.% Samarium (Sm) was produced by fusion melting. 
The hardness of the sample was measured using a Vickers hardness tester. The result shows a significantly higher 
hardness than pure Nd or Sm, while the measured density of the alloy is in agreement with theoretical expectations. 
Furthermore, a theoretical investigatoin of the band structure suggests strong magnetic activity of the alloy.

Keywords: Neodymium; Samarium; hardness; CPA; magnetism

Introduction
Nd  and  Sm  posess  magnetic  properties  that  are 
essential  for  the  production  of  high-strength  and 
stable permanent magnets. Nd is used in Nd-Fe-B 
alloys for high-strength permanent magnets due to 
the high magnetic moment of Nd. Sm-Co magnets 
exhibit  a  high Curie temperature due to the high 
anisotropy. A combination of those properties may 
thus be of high interest for the development of novel 
permanent  magnets.  This  work  thus  focuses  on 
examining  Nd-Sm  alloys  and  their  mechanical 
properties.

Results and Discussion
The  measured  hardness  of  Nd0.5Sm0.5 is  (70.9  ± 
1.75) HV,  which  is  significantly  higher  than  the 
hardness of pure Nd and Sm, which are 35  HV and 
42 HV, respectively [1].

The measured density of the alloy was found to be 
7.256 g/cm3, which is in good agreement with the 
theoretical values of  7.26 g/cm3.

Moreover, the band structure (see figure 1) exhibits 
relatively flat bands below and near the Fermi level 
which originate from highly localized 4f electrons. 
The enhanced density of states near the Fermi level 
suggests strong magnetic behavior and indicates an 
increased tendency toward magnetic ordering in the 
alloy.

Conclusions
The Nd0.5Sm0.5 alloy exhibits a significantly higher 
hardness than Nd or Sm alone, while the density is 
in  good  agreement  with  theoretical  expectations. 
The  flat  bands  below  the  Fermi  edge  suggest 
enhanced magnetic behavior of the alloy.

Figure  1: Computed band structure  of  Nd0.5Sm0.5 

using CPA
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Abstract: The electrochemical properties of extended-gate field-effect transistors with pH-sensitive gate oxide of 

Ta2O5 are investigated in this work. Focussing on the matching of the pH-sensing performance, the studied sensors 

showed outstanding comparability in signal progression, indicating the high and consistent quality of the atomic 

layer deposited gate oxide.  

Keywords: extended-gate ISFET; Ta2O5; ALD; differential measurement

Introduction 

Ion-sensitive field-effect transistors (ISFETs) have 

been recognized as a promising universal platform 

for the development of numerous biochemical 

sensors, ranging from pH, ion concentration and 

enzymatic sensors over DNA- and immunosensors 

up to multiplexed multianalyte devices [1]. Their 

compatibility with standard CMOS (complementary 

metal-oxide-semiconductor) processes enables 

scalable, low‑cost mass production of robust, 

miniaturized sensors with minimal power 

consumption. [2]. Device-to-device variation in 

ISFETs refers to inconsistencies in electrical and 

sensing performance (e.g., threshold voltage, 

sensitivity) between sensors fabricated on the same 

chip or different batches. These variations are a 

major obstacle for widespread commercialization of 

ISFET-based devices, as they necessitate time-

consuming and cost-intensive individual calibration 

for each sensor. In this work, device-to-device 

variation of extended-gate ISFETs (EGFETs) 

with Ta2O5 as pH-sensitive material has been 

studied. 

 

Results and Discussion 

CMOS technology-based sensor chips were used in 

this experiment, each containing three EGFETs (see 

Figure 1, upper right). Using atomic layer deposition 

(ALD), sensors were coated with a 50 nm thick 

Ta2O5 pH-sensitive layer. A standard pH 

characterization was performed over the range of pH 

5-9 (Figure 1, lower left). Taking into account the 

capacitive voltage divider, the ALD-Ta2O5-gate 

EGFETs exhibited a near-Nernstian pH sensitivity 

of 57.5 ± 0.1 mV/pH (n = 12). Differential 

measurements between EGFET pairs over the 

course of this experiment indicated the excellent 

matching of these sensors. More details of 

experiments and obtained results will be presented 

at the conference. 

 

Figure 1: pH characterization (pH 5-9) of 12x 

Ta2O5 EGFETs. Shown is the offset-corrected signal 

of all 12 sensors (lower left). Sensor chip with 3 

EGFETs a), b), c), and onboard temperature sensor 

d) (upper right). 
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Titanium-hydrogel-interaction in a peri-implant in-vitro model 
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Abstract: The 3D INTERbACT in-vitro model, consisting of an artificial human mucosa, a titanium implant and 

a bacterial biofilm shows great promise for researching bacterial infections of dental implants. While previous 

studies analysed the implant-cell-bacteria interaction, this study aims to examine the effect of the hydrogel 

scaffold simulating the extracellular matrix. Two different hydrogels were investigated in combination with 

titanium implants in a simplified version of the INTERbACT model. The E-modulus of the hydrogels, surface free 

energy of the interface between hydrogel and titanium, as well as adhesion forces between implant and scaffold 

were examined and showed differences, likely due to the differing elasticities of the two materials. 

Keywords: Hydrogel, Force Spectroscopy, Contact Angle Measurements, INTERbACT model, GelMA 

Introduction 

Peri-implantitis is the result of bacterial infections 

on dental implants, that affect 1 in 4 implants after 5 

years of implantation [1]. Researching these 

infections can be challenging, due to the complex 

interactions at the peri-implant interface. For this 

purpose, the INTERbACT model has been 

developed that combines an implant, a bacterial 

biofilm and an artificial mucosal tissue made of a 

cell-containing hydrogel [1]. The model has already 

been used to analyse the bacteria-cell-material 

interaction [2]. However, the influence of the 

selected hydrogel simulating the extracellular matrix 

has not been analysed so far. Thus, this study aims 

to specifically examine the hydrogel-implant 

material interaction by comparing the standard 

collagen type 1 hydrogel to a Gelatin Methacryloyl 

(GelMA) hydrogel for their behaviour in 

combination with titanium. 

Results and Discussion 

Simplified versions of the INTERbACT model that 

focus on the hydrogel-material interaction were 

created by inserting a titanium disk into the hydrogel 

scaffolds using both GelMA and type 1 collagen. 

These models were then analysed at three time 

points, that were chosen to mimic the six-week 

assembly protocol of the INTERbACT model.  

First, adhesion forces between hydrogel and implant 

were measured by using a pull-test. Based on initial 

data, these forces seemed to rise with increased 

incubation time.  

Force spectroscopy with an atomic force microscope 

was used to examine the E-Modulus of the scaffold. 

Overall, the E-modulus of the collagen hydrogel was 

lower than that of the GelMA hydrogel. In addition, 

similarly to the adhesion forces, the E-modulus 

seemed to change with time.  

The wettability and surface free energy of the 

interface between hydrogel and titanium were 

analysed using contact angle measurements with 

water and diiodemethane. The surface free energy 

did not appear to change over time, for both the 

collagen and the GelMA model. 

Conclusions 

Experiments have shown that differences in the 

implant interaction between the GelMA hydrogel 

and the collagen hydrogel exist. They can most 

likely be explained by differences in the hydrogel’s 

elasticity.  How this further affects the hydrogel-

implant as well as the cell-implant interaction should 

be analysed in future experiments. 
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Abstract: This work investigates the influence of electrodeposition voltage on the growth mechanism, 
microstructural evolution, and electrochemical behavior of PEDOT:PSS electrodeposited on gold (Au) 
microelectrodes. Electrochemical impedance spectroscopy (EIS) combined with equivalent electrical circuit (EEC) 
modelling is used to evaluate the voltage-dependent interfacial electrochemical response. Scanning electron 
microscopy (SEM) reveals morphological evolution, from rough, porous, capacitance-dominated interface to 
compact structure showing stronger diffusion-related electrochemical responses. Insufficient deposition voltage 
leads to inhomogeneous film formation, whereas excessively high voltage reduces adhesion of PEDOT:PSS films. 

Keywords: PEDOT:PSS electrodeposition; Au Microelectrodes; Electrochemical impedance spectroscopy ; 
Microstructural evolution; Electrode-electrolyte interface; Equivalent electrical circuit 

Introduction 
Flexible microelectrode arrays (Flex-MEAs) are 
promising bioelectronic interfaces, but their 
performance is often limited by the high impedance 
of microscale electrodes. PEDOT:PSS coatings can 
improve electrode–electrolyte coupling by reducing 
interfacial impedance and enhancing ionic-
electronic transport. However, the electrochemical 
behavior [1] of PEDOT:PSS strongly depends on 
electrodeposition conditions and the resulting 
microstructure [2]. 

Results and Discussion 
Bode plot reveals a strong dependence of interfacial 
electrochemical properties on the electrodeposition 
voltage. All electrodeposited PEDOT:PSS 
microelectrodes exhibited significantly reduced 
impedance compared with bare Au electrodes. In 
addition, the phase angles shifted from 
approximately -90°  to -20° , indicating enhanced 
mixed ionic-electronic interfacial coupling.  
The Nyquist plot demonstrates distinct low-
frequency responses under different deposition 
conditions. Electrodes deposited at lower voltages 
exhibit increasingly vertical capacitive tails, 
suggesting greater capacitance-dominated behavior. 
SEM revealed voltage-dependent microstructural 
evolution. Equivalent electrical circuit (EEC) fitting 
shows that rough, porous, capacitive-dominated 
interfaces could be described using an 𝑅(𝑅𝑄)𝑄 
model, while denser interfaces exhibiting diffusion-
related behavior are better fitted using an 
𝑅(𝑄(𝑅𝑊)) model including a Warburg element. 
However, excessively low deposition voltage caused 
inhomogeneous PEDOT:PSS growth, leading to an 
unusually strong capacitive response, whereas the 
1.0V condition produced compact but less stable 
coatings with poorer adhesion and reproducibility. 

Figure 1: Bode plot (left) and Nyquist plot (right) 
comparing Au microelectrodes and PEDOT:PSS 
microelectrodes electrodeposited at different 
electrodeposition voltages. 

Conclusions 
This study highlights that electrodeposition voltage 
strongly influences PEDOT:PSS polymerization, 
resulting in distinct microstructural and 
electrochemical properties. Different morphologies 
and impedance characteristics can be achieved by 
tuning the electropolymerization parameters. The 
next step is to evaluate baseline noise and signal-to-
noise ratio for in vitro electrophysiological 
recording and stimulation, including cardiomyocyte 
and neuronal signal monitoring.   
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Abstract: Neurotechnical implants comprise complex microstructured components, where surface 
functionalisation is critical to ensure robust and biocompatible integration of dissimilar materials. This study 
investigates a novel surface functionalisation approach based on photoelectron emission and evaluates its 
performance in comparison to conventional plasma-based treatments. 

Keywords: Electron Radiation, photo effect, surface functionalization, bacteria disinfection, Peel-Test

 
Introduction 
Traditional plasma functionalisation methods are 
limited in selectivity due to the stochastic interaction 
of electrons and reactive species with target 
surfaces. In contrast, photoelectron-based excitation 
enables the emission of low initial kinetic energy 
electrons from a thin silver layer under UV-LED 
irradiation, which can subsequently be accelerated 
to well-defined energies. This controlled energy 
transfer is expected to facilitate selective 
modification of chemical bonding states, thereby 
enhancing interfacial adhesion. Moreover, as free 
electrons are known to contribute significantly to 
plasma-induced sterilisation, photoelectrons may 
also offer a promising route for surface 
decontamination. [1] Therefore this study compares 
plasma functionalisation to the novel approach of 
electron radiation in two aspects: adhesion and 
sterilizing ability.  
 
Method 
The experimental setup comprises a UV-LED 
illuminating a thin silver film deposited on quartz 
glass, inducing photoelectron emission via the 
photoelectric effect. A bias voltage of 10 V between 
the silver layer and a metallic anode accelerates the 
emitted electrons. The entire system is operated 
under vacuum conditions to maximise electron mean 
free path and ensure efficient transport to the anode. 
The resulting photocurrent is recorded to 
characterise electron emission behaviour. 
To evaluate sterilization efficacy, bacterial samples 
deposited on the anode are exposed to a defined 
electron dose. Survival rates of Staphylococcus 
aureus (Gram-positive) and Escherichia coli (Gram-
negative) are evaluated across titanium, stainless 
steel, and tantalum substrates. 
 
 

Figure 1: Photoelectron-based experimental 
setup under vacuum conditions.  
 
Adhesion performance is qualified, using a 
standardized peel test. Adhesive tape is applied to 
both irradiated and non-irradiated surfaces and 
removed at constant velocity using a motor-
controlled system. The required peel force is 
measured using a calibrated force sensor to assess 
changes in interfacial adhesion. 
 
Outlook 
The aim of this proof-of-concept study is to assess 
the potential of photoelectron irradiation as an 
alternative method for surface functionalization. 
Successful results could enable more selective and 
energy-controlled surface treatment processes in 
future applications. 
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Abstract: Molecularly Imprinted Polymers (MIPs) targeting dipicolinic acid (DPA) were developed as an indirect 

method to detect bacterial endospores. MIPs were synthesized using 3-acrylamidopropyl trimethylammonium 

chloride as the functional monomer. Rebinding assays and Heat transfer method experiments demonstrated 

selective binding to DPA in different matrixes. This approach presents a rapid, real-time option for the detection 

of bacteria endospores in complex environments. 
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Introduction 

The presence of heat-resistant bacterial spores, such 

as those from Bacillus cereus, poses significant 

challenges to food safety. Dipicolinic acid (DPA) is 

a component of bacterial spores, constituting 

approximately 10 % of their dry weight, and it has 

been shown to be a key factor in the resistance of 

spores to wet heat exposure [1-2]. Molecularly 

Imprinted Polymers (MIPs) offer a stable, easy to 

prepare selective alternative for detecting small 

molecules such as DPA [3]. Here, we report the 

synthesis of MIPs targeting DPA for application in 

the indirect detection of spore-forming bacteria. 

 

Results and Discussion 

MIPs were prepared using 3-acrylamidopropyl 

trimethylammonium chloride, ethylene glycol 

dimethacrylate (EGDMA) as crosslinker, and AIBN 

as initiator in a DMSO/MeOH system at 60°C. The 

functional monomer was selected for its permanent 

positive charge, enhancing electrostatic interactions 

with the target molecule. Triethylamine (TEA) was 

added to facilitate deprotonation of DPA during 

polymerization. Soxhlet extraction using 

MeOH:AcOH (1:1) and acid washes were used to 

remove the residual template and base. The binding 

capacity was evaluated via Rebinding assays (UV-

Vis) and Heat transfer method (HTM) experiments 

in aqueous and diary based DPA solutions. In HTM 

analysis, MIPs showed higher responses to DPA 

than NIPs: 0.38% vs 0.23% using a diary DPA 300 

nM solution  and 0.30% vs 0.13% using an aqueous 

DPA 450 nM solution (n=3). UV-Vis analysis 

showed an imprinting factor of 2.60. This approach 

could contribute to the development of rapid 

biosensors for detecting heat-resistant bacterial 

spores in liquid foods, offering potential 

improvements in food safety monitoring.  

 

 

 

Figure 1: Schematic representation of MIP 

synthesis and DPA rebinding. 

Conclusions 

The developed MIPs show promising selectivity 

toward DPA, indicating their potential for indirect 

detection of bacterial spores in food matrices. These 

polymers could form the basis of fast, resource-

efficient sensors for early contamination detection, 

aligning with the objectives of the SenSpores 

initiative. 
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Abstract 

Hydrogels are soft, water-rich polymer networks used in sensors, electrodes and implant-related materials. Their function 

can depend on local differences in water content, polymer concentration and inorganic components. This work shows a 

complete Raman image-analysis workflow for a defined alginate hydrogel series. Alginate concentration is varied and the 

gels are crosslinked by calcium ions released from calcium carbonate. The samples are measured by Raman microscopy and 

analysed in Python. The workflow follows Figure 1: hydrogel preparation, Raman measurement, hyperspectral data 

generation, preprocessing, chemical mapping and plotting of extracted data. The outputs are directly measurable Raman-

based maps and plots of alginate-related, water-related and carbonate-related signals. The aim is not to derive a full network 

model from Raman data alone, but to provide a reproducible route to compare hydrogel formulations and describe chemical 

heterogeneity. 

Keywords: Raman imaging; alginate hydrogels; hyperspectral analysis; calcium crosslinking; Python; chemical 

mapping 

 

Introduction 

Hydrogel interfaces are relevant where hydrated soft 

materials contact electrodes, sensors, liquids or biological 

tissue. In such systems, local composition can be more 

important than the average formulation. Raman 

microscopy can detect chemical differences without 

additional labelling, but a Raman image is a hyperspectral 

dataset: every pixel contains a full spectrum. Therefore, 

reproducible data processing is required. Here, calcium-

crosslinked alginate hydrogels are used as a controlled 

sample series. The alginate concentration is varied to 

change the polymer content, while calcium carbonate acts 

as the internal calcium source for crosslinking. This series 

is used to test whether different formulations can be 

measured, processed and compared by the same Raman 

workflow. 

 

Results and Discussion 

The Python workflow imports Raman image data, 

displays spectra and maps, removes cosmic rays, corrects 

background signals, normalizes spectra and generates 

chemical maps. Selected Raman bands are used for direct 

mapping, while dimensionality-reduction methods such 

as principal component analysis or non-negative matrix 

factorization can be used to explore major spectral 

differences. Figure 1 summarizes this route from sample 

preparation to extracted maps and plots. 

For the alginate concentration series, the workflow 

compares measurable Raman signals between 

formulations. The main outputs are maps of alginate-

related spectral regions, water-associated contributions 

and carbonate-related bands, together with extracted 

intensity plots or histograms. These outputs show the 

spatial distribution and heterogeneity of the measured 

signals. They are interpreted as Raman-based chemical 

descriptors. Further conclusions about crosslink density, 

mechanics or network structure require additional 

measurements such as rheology or swelling experiments. 

 
 

Figure 1: Workflow from hydrogel preparation to Raman-

based data evaluation. Alginate hydrogels with different 

polymer concentrations and calcium-carbonate-based 

crosslinking are prepared, measured by Raman microscopy, 

processed in Python and converted into chemical maps and 

extracted intensity plots. 

 

Conclusions 

A modular Python workflow is used to analyse Raman 

images of calcium-crosslinked alginate hydrogels 

prepared as a concentration series. The work demonstrates 

the complete route from hydrogel preparation and Raman 

measurement to preprocessing, chemical mapping and 

extracted data plots. This provides a reproducible basis for 

comparing hydrogel formulations and for future studies of 

hydrogel heterogeneity and interfaces. 
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Abstract: Molecularly imprinted polymers (MIPs) are a promising class of recognition elements in electrochem-
ical sensors, and novel polymers that offer selectivity, sensitivity and robustness are always in demand. Poly(3,4-
ethylenedioxythiophene):polydopamine (PEDOT:PDA) is a conductive polymer that gathered increasing atten-
tion recently and promises to enable robust and sensitive MIP design. We report a study on the use of PE-
DOT:PDA for MIP development to sense hydroxylated polycyclic aromatic hydrocarbons. 

Keywords: conductive polymer; molecularly imprinted polymers; electrochemistry; PEDOT:PDA

Introduction 
With electrochemical sensors becoming increas-
ingly prevalent for a plethora of different applica-
tions, there is a constant demand for novel materials 
that overcome the obstacles of contemporary tech-
nologies. Conductive polymers such as polypyrrole 
or Poly(3,4-ethylenedioxythiophene) (PEDOT) are 
integral for use in electrochemical sensors that em-
ploy molecularly imprinted polymers (MIPs) as 
recognition elements [1,2]. Their utilization in MIPs 
does pose some challenges. Successful polymeriza-
tion in presence of the imprinting template must not 
alter the imprinting template; the resulting polymer 
film must adhere well to the electrode surface, and 
needs to be stable and conductive in the extraction 
medium as well as the sample medium. These issues 
prompted the integration of additional functional 
monomers for better stability in aquatic media,  
higher conductivity, and easier polymerization. Re-
cently, the incorporation of polydopamine (PDA) 
into conductive polymers for improved adhesion and 
gentler polymerization conditions garnered in-
creased attention for different applications, with PE-
DOT:PDA in particular showing great promise for 
use in electrochemical sensors [3-5]. Based on this, 
we conducted a study to assess the possibility to use 
PEDOT:PDA in MIPs for electrochemically sensing 
metabolites of carcinogenic polycyclic aromatic hy-
drocarbons (PAHs), like hydroxypyrene.  

Results and Discussion 
PEDOT:PDA copolymers have been prepared using 
radical polymerization with ammonium persulfate 
(APS) as radical starter. The polymerization proce-
dure is depicted in Figure 1. The impact of multiple 
parameters has been studied. This includes the addi-
tion of a surfactant for improved miscibility of 
EDOT and DA, voltage-assisted polymerization, 
imprinting template concentration, resistance to 
common extraction media, and reproducibility of the 
formed polymer film.  

Conclusions 
Preliminary results indicate that PEDOT:PDA-
based MIPs can be used in an electrochemical sensor 
for sensing PAH metabolites. 

Figure 1: Polymerization scheme of PEDOT:PDA. 
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Abstract: Magnesium (Mg)-Scandium (Sc) thin film library was produced by thermal evaporation technique 

focusing a compositional spread of Sc up to 20 at.%. The results demonstrated that microstructures primarily 

consisted of hexagonal facets corresponding to (0002) basal planes. The wall size of these facets showed a 

significant alteration with increasing Sc concentrations. tests showed that increasing Sc content up to specific 

composition shifted corrosion potential of Mg toward positive direction and improved the corrosion resistance of 

Mg. Sc led to the improvement on the protectiveness of the surface layer formed during their exposure to the 

electrolyte, particularly in SBF. 

Keywords: magnesium alloys; scandium; scanning droplet cell; microstructure; nanoindentation; corrosion

Introduction 

Mg possess an outstanding biocompatibility and 

biodegradability, dissolving completely in the 

human body following the completion of healing 

process, which eliminates the additional surgical 

operations for the implant removal. Nevertheless, 

the widespread use of Mg alloys is severely 

restricted primarily due to its rapid degradation rate. 

To mitigate the poor corrosion resistance, rare earth 

element (RE) additions have been proven to be an 

effective way [1]. Therefore, in this work, Sc, known 

as one of the most biocompatible RE, has been 

employed in Mg at wide compositions range as thin 

film library. 

Results and Discussion 

The SEM microstructures of thin film alloys shows 

that at low Sc concentrations, the microstructures 

consist of grains that are generally non-coaxial and 

lack a specific geometry. As the Sc increases, the 

facets became more equiaxed and refined. This was 

also coupled with smoother surface characteristics 

based on the AFM test results. 
 

 

Figure 1: SEM images of Mg-Sc thin film alloys 

The Tafel plots shows that the potentials had a 

tendency to shift to more positive values with 

increasing Sc content. The sudden drops in the 

anodic branch of the several samples were due to the 

depletion of films. At low Sc content, alloys show 

higher corrosion rates in SBF compared to NaCl 

whereas higher Sc results in superior corrosion 

performance in SBF. This is due to the interaction of 

Sc with complex ions in SBF, forming a much more 

protective layer of corrosion products on the 

surfaces. 

 

Figure 2: Potentiodynamic polarization test results 

 

Conclusions 

Mg-Sc thin film library revealed a 

composition-dependent changes in structure and 

electrolyte-dependent changes in corrosion 

resistance. 
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Abstract: LAPS is a chemical imaging sensor that utilizes the field effect of semiconductors and can measure 

local analyte concentrations at specific locations on the sensor surface. While conventional LAPS primarily used 

inorganic semiconductors such as silicon, these materials are hard and brittle, posing challenges regarding 

biocompatibility. Organic semiconductors, on the other hand, are flexible materials that conform well to curved 

surfaces and exhibit high biocompatibility. In this study, we demonstrate for the first time the successful pH 

responsiveness of an organic LAPS based on PCE12:N2200:SEBS with an Al₂O₃ pH-sensitive layer. 

Keywords: Light-addressable potentiometric sensor; ion-sensing; Organic semiconductors; 

Introduction 

LAPS is a chemical imaging sensor that utilizes the 

field effect of semiconductors. It features an 

electrolyte-insulator-semiconductor (EIS) structure, 

like that of an ISFET. Compared to similar sensors, 

LAPS offers the advantage of being able to define 

the measurement area using light, eliminating the 

need to integrate microscopic sensor elements and 

enabling simple, low-cost manufacturing [1]. 

Traditionally, inorganic semiconductors have been 

the mainstream choice for LAPS; however, 

inorganic semiconductors are rigid and present 

challenges regarding biocompatibility. In contrast, 

organic semiconductors are flexible, can conform to 

the curved surfaces of the body, and offer high 

biocompatibility. They also have the advantage of 

being manufacturable at standard atmosphere 

pressure and temperature. 

 

Results and Discussion 

In this study, PCE12:N2200:SEBS was used for the 

organic semiconductor layer of the sensor, 

PEDOT:PSS for the transparent electrode, and 

parylene and Al₂O₃ for the insulator. Figure 1 shows 

its structure. For characterization, a self developed 

real-time LAPS system was used and optimized by 

selecting a light source (a blue LED with a 

wavelength of 470 nm) matched to the absorption 

band of the organic semiconductor and adjusting the 

bias voltage range to one suitable for organic 

materials. The photocurrent-voltage (I-V) 

characteristics were measured using Titrisol 

(Merck) buffers (pH 5, 7, 9). A shift in the I-V curve 

was observed when the pH level changed. Figure 2 

shows the I-V curve, confirming the pH 

responsiveness of the OLAPS.   

                      
Figure. 1: Structure of the organic LAPS 

 
Figure. 2: I-V curves at different pH levels 

 (LED modulated frequency 1kHz, 

 wavelength 470 nm) 

Conclusions 

Using the modified real-time LAPS system, I-V 

curves were recorded and pH responsiveness was 

demonstrated with the organic semiconductor. 

Going forward, we aim to achieve two-dimensional 

imaging of multiple analytes through surface 

modification of the sensor. 
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Abstract: In this work, a PECVD process for quasi-stoichiometric SiC thin films is established and systematically 
optimized for use as transparent passivating contacts in polycrystalline silicon on oxide (POLO) solar cells. XPS 
and Raman measurements confirm an amorphous Si–C network with a near 1:1 Si:C ratio, despite residual oxygen 
and nitrogen incorporation. Although this work focuses exclusively on photovoltaic applications, the established 
PECVD deposition process could potentially also serve as a basis for coating in vivo implants, where SiC's 
chemical inertness and biocompatibility may be of interest [1]. 

Keywords: silicon carbide; PECVD; passivating contacts; thin films; doping; stoichiometry 

Introduction 
The primary objective of this work is the 
establishment of a reproducible PECVD process for 
thin SiC layers as transparent passivating contacts in 
POLO-type silicon solar cells. Process parameters 
are systematically varied to control film 
stoichiometry, bonding configuration, and impurity 
incorporation, with emphasis on achieving a near-
stoichiometric Si–C network while suppressing 
phase separation. Structural and chemical 
characterization by spectroscopic ellipsometry, 
XPS, and Raman spectroscopy is performed to 
correlate deposition conditions with material 
properties. The overarching goal is to define a robust 
PECVD process window suitable for integration into 
industrial solar cell architectures. 
 
Results and Discussion 
SiC thin films with a target thickness of 
approximately 100 nm were deposited by PECVD in 
a Centrotherm E2000 horizontal furnace using silane 
(SiH4) and acetylene (C2H2) as reactive precursors 
and nitrogen as dilution gas. Depositions were 
carried out on 156 mm pseudo-square crystalline 
silicon wafers. The influence of key process 
parameters, including plasma duty cycle and 
precursor-to-diluent flow ratio, was systematically 
investigated. By increasing the off-time relative to 
the on-time, the growth rate decreases from values 
above 40 nm/min to below 10 nm/min, enabling 
controlled deposition in the targeted thickness 
regime as confirmed by spectroscopic ellipsometry. 

The Raman spectrum shows no bands in the range 
of 1300–1600 cm⁻¹ and no amorphous silicon band 
at ~480 cm⁻¹, indicating the absence of segregated 
carbon or silicon phases. The combined XPS and 
Raman results are consistent with the formation of 
an amorphous Si–C network  

 

Figure 1: Background-corrected Raman spectrum 
of SiC with magnified views 

Conclusions 
A reproducible PECVD process for quasi-
stoichiometric amorphous SiC thin films has been 
established and systematically characterized using a 
Centrotherm E2000 industrial platform. The 
resulting amorphous Si–C network provides a solid 
foundation for further investigation of annealing-
induced ordering and passivation performance in 
POLO-type solar cells. Planned QSSPC 
measurements will allow correlation of material 
properties with electrical passivation quality.  
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Abstract: Sepsis is a life‑threatening medical emergency requiring rapid and accurate antibiotic treatment, yet 
antibiotic exposure varies widely between patients.1 Here, we report a cost‑effective electrochemical sensing 
platform based on electroactive molecularly imprinted polymers (eMIPs) for ultrasensitive detection of penicillin 
G. Penicillin‑specific eMIPs were synthesised and immobilised on graphene electrodes, enabling selective, 
antibody‑free molecular recognition. The sensor achieved a wide detection range (10 fg–10 µg) with a low 
detection limit of 7.4 fg and excellent selectivity. Reliable performance in penicillin‑spiked serum highlights 
strong potential for rapid point‑of‑care therapeutic drug monitoring at the bedside. 
Keywords: Sepsis; Penicillin G; Molecularly imprinted polymers; Graphene electrodes; Electrochemical sensing

Introduction 
Timely and optimised antibiotic therapy is critical in 
sepsis management, yet real time monitoring of drug 
concentrations remains challenging in clinical 
settings.1 Penicillin G is widely prescribed, but 
conventional analytical techniques are laboratory 
intensive and incompatible with rapid decision 
making. Molecularly imprinted polymers provide a 
stable, low-cost alternative to biological receptors.2 
Here, we report an eMIP based electrochemical 
sensor integrated with graphene electrodes for 
sensitive and selective detection of penicillin G in 
clinically relevant matrices. 
 
Results and Discussion 
Penicillin-specific eMIPs were synthesised 
separately and immobilised onto graphene-modified 
electrodes, providing a conductive and 
high-surface-area sensing interface. 
Electrochemical measurements revealed a broad 
linear response from 10 fg to 10 µg, with a detection 
limit of 7.4 fg in phosphate-buffered saline. The 
eMIP sensor demonstrated excellent selectivity, 
exhibiting negligible interference from structurally 
related β-lactam antibiotics, while non-imprinted 
controls showed minimal responses (<5%). 
Importantly, comparable electrochemical signals 
were obtained in penicillin G-spiked serum samples, 
confirming robust performance in complex 
biological environments relevant to sepsis 
monitoring. 
 

 
Figure 1: Cyclic voltammetric characterisation of 
the eNPs-based sensor showing penicillin G–
dependent attenuation of the oxidation peak and a 
linear analytical calibration (R² = 0.96). 

Conclusions 
The eMIP–graphene electrochemical sensor enables 
highly sensitive and selective detection of penicillin 
G in serum, offering a robust and antibody free 
platform for point of care therapeutic drug 
monitoring in sepsis. The adaptable sensing strategy 
is readily extendable to other clinically important. 
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Abstract: Superparamagnetic iron oxide nanoparticles (SPIONs) exhibit rapid and reversible magnetization, 

making them relevant for biomedical applications. In this study, SPION-loaded niosomes were synthesized and 

characterized in terms of particle size, stability, and magnetic behavior. Co-encapsulation of SPIONs with siRNA 

within niosomal carriers was investigated to evaluate multifunctional delivery potential. The hybrid system is 

considered for potential application in Magnetic Particle Imaging (MPI) to study nanoparticle biodistribution. 

Keywords: superparamagnetic nanoparticles; niosomes; magnetic particle imaging; RNA delivery; theranostics.

Introduction 

Multifunctional nanocarriers that integrate 

therapeutic and imaging capabilities are increasingly 

important in the development of advanced 

nanomedicine systems [1]. In this context, niosome-

based hybrid nanocarriers offer a versatile platform 

for combining delivery and diagnostic functions 

within a single system. Niosomes, composed of non-

ionic surfactants, provide a biocompatible vesicular 

structure capable of encapsulating both hydrophilic 

and hydrophobic components. The incorporation of 

SPIONs introduces magnetic responsiveness, 

enabling controlled delivery and potential imaging 

applications such as MPI. Integration of nucleic 

acids further supports their application in gene-

based therapeutic strategies. In this study, SPION-

loaded niosomes were developed and evaluated for 

their physicochemical properties and their 

performance in siRNA-based gene delivery systems. 

 

Results and Discussion 

SPIONs synthesized via thermal decomposition 

with hydrophobic surface characteristics (Fig. 1A,B) 

were successfully incorporated into the lipid bilayer 

of niosomal carriers. The hydrophobic SPIONs 

showed good compatibility with the membrane, 

maintaining structural integrity and stability of the 

niosomes [2]. The resulting hybrid systems 

efficiently co-encapsulated siRNA and enabled 

effective cellular uptake in MCF-7 breast cancer 

cells. Gene silencing studies demonstrated 

significant downregulation of anti-apoptotic 

proteins, leading to enhanced apoptotic activity. The 

application of an external magnetic field further 

improved intracellular delivery efficiency and 

amplified the therapeutic response compared to non-

magnetic conditions (Fig. 1C). These findings 

confirm that hydrophobic SPIONs can be integrated 

into vesicular membranes without compromising 

functionality, while providing magnetic 

responsiveness for controlled delivery. Moreover, 

the retained magnetic properties suggest potential 

for future imaging applications, including MPI for 

tracking nanoparticle biodistribution. 

 

 

Figure 1: A) Schematic illustration of hybrid 

niosomes; (B) hydrophobic SPIONs (<10 nm); (C) 

in vitro evaluation of hybrid niosomes.  

Conclusions 

This study demonstrates that SPION-loaded 

niosomes form stable and efficient multifunctional 

platforms, combining favorable physicochemical 

properties with retained magnetic functionality 

while preserving RNA integrity. The system enables 

enhanced gene delivery under magnetic guidance. 

Overall, these results underline the potential of 

SPION-based hybrid carriers for future theranostic 

applications. 
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Abstract: Despite major advances in biomaterial compatibility, medical implants still exhibit failure rates that 

remain high compared to technical systems, largely due to limited understanding of biophysical integration 

processes, such as bone growth and implant stability. While high-fidelity computational models can provide 

valuable insights, their computational complexity and cost hinder patient-specific analyses and limit clinical 

adoption. This contribution presents a machine learning–based inverse design framework for porous 

metamaterials targeting hip implant stability and bone growth. By combining finite element simulations with real 

clinical data, surrogate models are developed to efficiently relate microstructural features to effective mechanical 

and transport properties. In particular, a deep generative diffusion model is developed to enable the inverse design 

of microstructures with target properties, thereby supporting scalable, patient-specific implant design and clinical 

decision-making.  

Keywords: Hip implants, Inverse Design, Machine learning, Implant stability, Porous Metamaterials 

Introduction 

The design of hip implants should be tailored to each 

individual patient, as anatomical structures and 
biomechanical characteristics vary from person to 

person. The main goal is to improve implant stability 

while promoting bone growth and osseointegration. 

This work focuses on the deep learning–based 

inverse design of unit cells, which serve as the 

fundamental building blocks of porous hip implants. 

Different microstructural designs lead to different 

mechanical behaviours at the macroscale, enabling 

the optimization of implant performance for patient-

specific applications. Fig. (1) illustrates an example 

for a hip implant and its microstructure. 

 

Figure 1: Hip implant and its microstructure in different 
regions. 

Results and Discussion 

A trained diffusion model conditioned on 
mechanical and hydraulic properties demonstrated a 

strong ability to generate microstructures with 

properties closer to the target values. These results 

are validated by running simulations to evaluate 

both mechanical and hydraulic properties. One 

might ask why not simply search the dataset for 

microstructures with properties closest to the target 

values. This approach was also tested, but the model 

is able to explore the design space more effectively 

and learn complex mappings. As a result, it 

generates novel microstructures that are closer to the 
target properties than those available in the dataset. 

The target properties are the principal permeabilities 

and the normal components of the stiffness tensor 
with following values: 

𝐾11
𝑠  = 9 lu,𝐾22

𝑠  = 4.5 lu, 𝐾33
𝑠  = 5.7 lu, ℂ11 = 16.5 GPa, ℂ22 = 

21 GPa, ℂ33 = 26 GPa 

Fig. (2) shows the results using the Mean Relative 

Error (MRE). The blue entries represent the results 

from the inverse design method, while the grey 

entries correspond to the closest properties of 

microstructures in the dataset to the target 

properties. 

 

Figure 2: Results of the inverse design , compared with 
microstructures with closest properties to target 
properties. 

Conclusions 

To conclude, the diffusion model-based inverse 

design approach demonstrates strong generative 
capabilities at the microstructure level, paving the 

way for tailored hip implant design. Future research 

will focus on inverse design at the macroscale and 

the integration of physics-informed neural networks 

to achieve improved results. 
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Abstract: Biofilm-induced peri-implant infections are associated with hypoxia, yet most in vitro models ignore 

clinically relevant oxygen conditions. This study applied normoxic (21% O₂) and hypoxic (1% O₂) conditions to 

the 3D INTERbACT model to investigate the effect of different oxygen levels on tissue–biofilm interactions. 

While biofilm volume and viability remained unchanged, metabolic activity increased under normoxia. Oxygen 

levels decreased significantly within tissues, reaching 2% (normoxia) and 0.1% (hypoxia). Hypoxia moderately 

impaired tissue integrity, and biofilm presence elevated tissue damage. These findings demonstrate that in vitro 

oxygen gradients can affect biofilm and tissue responses in different ways. 

Keywords: micro physiological system; biofilm; hypoxia; oxygen sensor 

Introduction 

Peri-implant infections caused by bacterial biofilms 

remain a major clinical issue, often accompanied by 

reduced oxygen availability in peri-implant pocket 

and surrounding oral mucosa. However, current in 

vitro models largely neglect physiologically relevant 

(hypoxic) oxygen conditions. To better simulate in 

vivo environments and the subsequent effects for 

host-biofilm interactions, this study applies, for the 

first time, reduced oxygen conditions to the existing 

in vitro 3D INTERbACT system [1]. 

Results and Discussion 

The 3D models were divided in four groups, 

cultivated with or without a 4-species biofilm for 24 

hours under normoxic (21% O₂) and hypoxic (1% 

O₂) conditions. Oxygen levels were measured using 

PreSens sensors. After co-culture, biofilms were 

analyzed using LIVE/DEAD staining and resazurin 

assay. Additionally, tissue morphology and cytokine 

expression of the tissue were investigated. 

Biofilm volume and viability were not significantly 

affected by oxygen levels, although metabolic 

activity was higher under normoxia, possibly 

reflecting adaptive stress responses. Oxygen 

concentrations decreased substantially over time 

within both the culture medium and tissue, 

indicating active consumption. Intra-tissue oxygen 

dropped as far as 2% under normoxic conditions 

without biofilm, in other groups it dropped rapidly 

towards 0.1%. Hypoxia alone slightly reduced tissue 

stability, while combined biofilm infection further 

increased tissue damage, highlighting a synergistic 

effect.  

Conclusions 

These findings demonstrate that oxygen 

consumption of the tissue for metabolism and 

functionality can be simulated in an artificial 3D in 

vitro model. Although still in early development, 

this 3D model hold strong potential to overcome 

challenges in simulating complex human tissues and 

organs for clinical research. In the end, this might 

replace and reduce animal experiments in the 

investigation of biofilm-associated infections. 
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Abstract: Titanium nitride (TiN) is a technologically important material in electronics and bioelectronics due to 
its tunable electrical conductivity, chemical robustness, and thermal stability, while showing compatibility with 
CMOS back-end-of-line processing. In this work, TiNx thin films were investigated to evaluate how deposition 
approaches and input parameters influence their structural, morphological, and electrical properties to achieve the 
desirable material characteristics required for each specialized application.  

Keywords: TiN, thin film, ion beam deposition, CMOS integration. 

Introduction 
TiN is a multifunctional thin-film material widely 
used in electronics and bioelectronics. In memory 
applications, it is used as an electrode material for 
phase change memory fabrication due to its low 
thermal and beneficial electrical conductivity, which 
can reduce the RESET power by less thermal loss 
and higher heating efficiency [1]. TiN can also be 
utilized for electrode or coating material for 
biosensors and neural interfaces [2]. This study 
investigates TiNx thin films deposited by ion beam 
deposition (IBD) and reactive DC magnetron 
sputtering, assessing their properties and suitability 
for integrated electronics and bioelectronics 
applications. 

Results and Discussion 
TiNₓ thin films were deposited on SiO2/Si, Si, and 
glass substrates by IBD and reactive DC sputtering 
at room temperature. The films were investigated for 
electrical conductivity, surface roughness, 
thickness, density, crystallographic structure, and 
surface morphology. 

 

Figure 1: Thin film characterizations. (A) GIXRD 
with 0.5° grazing angle. (B) X-ray reflectivity. (C) 
AFM of IBD film and (D) AFM of DC sputtered film. 

Reactive DC sputtering was performed using an 8-
inch Ti target, with N2 gas introduced into the 
sputtering chamber to form TiNx films. The 

influence of the Ar/N2 flow ratio on the film 
properties was systematically investigated. The IBD 
films were deposited using a SCIA Coat 200 system 
equipped with a 220 mm-diameter Ti target and 
reactive N2 gas. The deposition process was 
optimized by controlling the primary and secondary 
ion guns with respect to ion source power, ion beam 
current, and acceleration voltage. 

Figure 1 presents the grazing-incidence X-ray 
diffraction (GIXRD) patterns (Figure 1A), X-ray 
reflectivity (XRR) measurements (Figure 1B), and 
AFM analyses (Figure 1C–D) of 50 nm TiNx films 
deposited on SiO2/Si substrates by IBD and DC 
sputtering. Both deposition methods produced 
polycrystalline films. XRR results showed clearer, 
more homogeneous fringes for the IBD films, 
indicating improved film uniformity. AFM 
measurements also showed significantly smoother 
surfaces for the IBD films, with an RMS roughness 
of 0.28 ± 0.04 nm compared with 1.59 ± 0.10 nm for 
the sputtered films. The resistivity of the DC-
sputtered films strongly depended on the Ar/N2 flow 
ratio, increasing with higher N2 concentrations. In 
comparison, the IBD films exhibited a lower 
resistivity of approximately 230 µΩ·cm.  

Further investigations will focus on understanding 
the influence of deposition parameters on film 
characteristics and identifying optimized process 
conditions for specific electronic and bioelectronic 
applications. 
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Abstract: Melt electrowriting (MEW) enables the fabrication of highly ordered microfibrous scaffolds with 
tunable architecture, offering a promising platform for bone tissue engineering. This study examines how MEW 
scaffold design parameters like fiber alignment, lay-down angle, and pore geometry, influence the mechanical 
properties and osteogenic differentiation of human mesenchymal stem cells (hMSCs) under both static and 
dynamic perfusion conditions. A novel bone-on-chip device integrating MEW scaffolds is introduced to deliver 
controlled fluid flow-induced shear stress. 

Keywords: melt electrowriting, scaffold architecture; osteogenesis; dynamic culture 

Introduction 
Bone is a mechanically active tissue whose 
regeneration depends critically on both scaffold 
microarchitecture and dynamic mechanical cues [1]. 
Melt electrowriting (MEW) has emerged as a high-
resolution fabrication technique capable of 
producing microfibrous PCL scaffolds with 
precisely tunable fiber alignment and pore geometry 
that closely mimic native bone extracellular matrix 
[2]. Despite growing evidence that architectural 
parameters profoundly influence osteogenic cell 
behaviour, the effect of MEW scaffold design on 
stem cell differentiation under physiologically 
dynamic conditions remains unexplored. 
This study aims to: (i) fabricate and mechanically 
characterise MEW scaffolds across systematically 
varied architectural configurations; (ii) assess how 
these architectures influence attachment and 
osteogenic differentiation of human mesenchymal 
stem cells (hMSCs) under static and dynamic culture 
conditions. 
 
Results and Discussion 
Mechanical characterisation via tensile and 
compression testing confirms that both pore size and 
fiber lay-down architecture markedly affect scaffold 
mechanical performance. Tensile modulus and 
ultimate strength decrease substantially with 
increasing pore size, while lay-down angle 
independently governs stiffness anisotropy. These 
findings inform biologically relevant scaffold 
selection and confirm MEW as a tool for generating 
bone scaffolds with tuneable, predictable 
mechanical properties. hMSC seeding and 
osteogenic differentiation experiments, alongside 
dynamic chip-based culture, are currently underway. 
 

 
Figure 1: Graphical representation of Melt 
Electrowriting principal and how it is utilized to 
create scaffolds with varying mechanical properties 
and cellular responses.  

Conclusions 
This work presents the first integration of MEW 
scaffolds within a dynamic platform, addressing a 
critical gap in physiologically relevant in vitro bone 
models and offering a powerful tool for rational 
scaffold design and bone regeneration research. 
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Abstract: An immunocompetent advanced 3D peri-implant tissue model, comprising soft- and hard-tissue-like 

compartments, was established to study host-microbe interactions. The model maintained its tissue architecture 

even after biofilm challenge and showed inflammatory and osteogenic marker changes. Biofilm characterization 

further indicated altered biofilm volume and bacterial membrane integrity in the macrophage-integrated model. 

This platform may support future biomaterial and sensor-actuator testing.   

Keywords: dental implant; host-biofilm interactions; macrophages; multi-species biofilm; organotypic model 

Introduction 

The peri-implant interface is biologically complex, 

and conventional models including monoculture or 

even simple co-culture systems do not capture host-

implant-microbe interactions well. Hence, clinically 

relevant 3D models are needed to better reproduce 

the spatial organization of peri-implant tissues and 

their response to microbial challenge. This work 

aimed to establish and characterize an advanced 3D 

peri-implant tissue model for investigating host-

microbe interactions at the implant interface.  

Results and Discussion 

After 48 h of co-culture with a multi-species 

bacterial biofilm, key components of the peri-

implant interface were preserved, including the 

stratified epithelium, collagen-rich connective 

tissue, macrophages, and an osteoblast-populated 

porous scaffold. Macrophage integration was 

confirmed by immunohistochemistry, with 

macrophages confined to the collagen-rich soft 

tissue compartment. Under biofilm-challenged 

conditions, macrophages formed inflammatory foci 

migrating towards the epithelial compartment, 

suggesting an active immune-associated response. 

In the hard tissue compartment, osteoblasts 

remained well distributed within the porous 

hydroxyapatite scaffold, indicating preservation of 

the bone-like component of the model even after co-

culture with bacterial biofilm. Molecular analysis by 

RT-qPCR demonstrated a pro-inflammatory 

response, reflected by elevated IL-1β and TNF-α 

expression, together with decreased osteocalcin and 

alkaline phosphatase expression, suggesting reduced 

osteogenic activity under biofilm-challenged 

conditions. Biofilm characterization showed 

increased biofilm volume accompanied by reduced 

bacterial membrane integrity within macrophage-

integrated model, suggesting that macrophage 

integration influences both the host inflammatory 

response and bacterial viability within the 3D peri-

implant system. 

 

 

 

 

 

 

Figure 1: Schematic representation of an advanced 

three-dimensional peri-implant tissue model. 

Conclusions 

Overall, the established 3D peri-implant tissue 

model enables investigation of host-microbe 

interactions at the implant interface and provides a 

translational platform for testing future biomaterial 

and sensor-actuator systems.  
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Abstract: Biofilm-associated implant infections are aggravated under hyperglycemic conditions due to impaired 

immune responses and chronic inflammation. Using the human 3D peri-implant model INTERbACT, this study 

investigated host–biofilm interactions and evaluated probiotic-derived filtrates as non-antibiotic therapeutics. 

Hyperglycemia enhanced oral biofilm formation and IL-1β expression, while probiotic-derived filtrates reduced 

biofilm biomass and modulated macrophage responses, highlighting their potential for managing implant-

associated infections in diabetic patients. 

Keywords: biofilms; hyperglycemia; probiotics; peri-implant model; macrophages; inflammation 

Introduction 

Implant-associated infections are more common in 

diabetic patients, where hyperglycemia promotes 

chronic inflammation and impaired immune 

responses. Due to the lack of clinically relevant in 

vitro models, host–biofilm interactions under 

hyperglycemic conditions remain poorly 

understood. In this study, the human 3D peri-

implant model INTERbACT was used to investigate 

host–biofilm interactions and evaluate probiotic-

derived filtrates as alternative non-antibiotic 

therapeutics. 

Results and Discussion 

Probiotic-derived filtrates showed antibacterial and 

immunomodulatory effects against oral biofilms. 

Hyperglycemia increased IL-1β expression in 

epithelial cells and significantly enhanced biofilm 

biomass and volume in the 3D model, indicating 

greater tissue susceptibility to biofilm colonization. 

Treatment with probiotic-derived filtrates 

effectively reduced biofilm biomass. Ongoing 

cytokine and gene expression analyses aim to further 

elucidate the molecular mechanisms underlying 

hyperglycemia-driven biofilm persistence and 

inflammatory responses. 

 

 

Figure 1: Schematic illustration of hyperglycemia-driven 

peri-implantitis progression. Hyperglycemic conditions 

promote the formation of advanced glycation end products 

(AGEs), inflammatory cytokine release, and dysregulated 

host immune responses, enhancing bacterial activity and 

peri-implant inflammation. These processes contribute to 

osteoblast dysfunction, increased bone resorption, and 

ultimately peri-implant bone loss and peri-implantitis 

(Oliveira-Neto et al., 2020). 

Conclusions 

Probiotic-derived filtrates appear to be promising 

antibacterial and immunomodulatory agents. 

Hyperglycemia upregulated IL-1β expression in 

epithelial cells and increased biofilm thickness and 

volume in the 3D model. Further cytokine and gene 

expression analyses will clarify the effects of 

hyperglycemia on tissue responses.  

References 
[1] Isler, S. C., et al. (2025). Long-term outcomes of 

peri-implantitis reconstructive therapy: 7-year 

survival and success. Clin. Oral Implants Res., 36, 

1202–1218. 

[2] Trullenque-Eriksson, A., et al. (2025). Association 

between diabetes and peri-implantitis: Evidence from 

a Swedish register-based study. J. Clin. Periodontol., 

52, 1650–1661.  

[3] Chen, S., et al. (2025). Macrophage-mediated control 

of implant-associated biofilms in a 3D human oral 

mucosa model. Materialia, 41, 102452.    

 

Acknowledgements 
• SIIRI – Safety-Integrated and Infection-

Reactive Implants (SFB/TRR 298 – Project-ID 

426335750) 

• Prof. Hermann Haller (Department of 

Nephrology, Hannover Medical School)  

40 

mailto:Nawaz.Tayyaba@mh-hannover.de


Interface-induced shear control for enhanced flow of shear-thinning 
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Abstract: Controlling the flow of highly viscous silicone elastomers is a key challenge in extrusion-based additive 
manufacturing. This work explores a micro-annular printhead design with a rotating inner core to actively reduce 
viscosity via shear. Analytical modeling, simulations, and experiments show that moderate rotational speeds 
increase flow rate at constant pressure. 

Keywords: shear-thinning; micro-annulus; additive manufacturing; silicone elastomers; flow control

Introduction 
Extrusion-based additive manufacturing of silicone 
elastomers is essential for personalized medical 
devices [1-3]. However, the high viscosity and 
pronounced shear-thinning behavior of these 
materials limit process stability and achievable 
resolution. While shear-thinning reduces viscosity 
under deformation, conventional extrusion provides 
limited control over local shear conditions in micro-
scale nozzles [2]. This work investigates a rotating 
inner boundary to induce additional shear and 
reduce apparent viscosity (Figure 1). The concept is 
related to Couette-Poiseuille flow, where pressure- 
and shear-driven transport interact [2,3]. Previous 
studies on non-Newtonian flows have demonstrated 
that localized shear can reduce apparent viscosity 
and improve flow efficiency [2]. Despite this, the 
application of rotational shear in micro-annular 
systems for highly viscous silicone elastomers 
remains insufficiently explored in terms of rotational 
speed and geometric confinement. This work 
investigates the influence of inner-cylinder rotation 
on flow enhancement in micro-annular geometries, 
combining modeling, simulation, and experimental 
validation to identify relevant operating regimes.

 

Results and Discussion 
The results show that rotational motion of the inner 
cylinder can enhance the volumetric flow rate at 
constant pressure, attributed to shear-induced 
viscosity reduction. The relationship between 
rotational speed and flow rate is nonlinear ranging 
from flow enhancement speeds towards saturation at 
higher speeds. The flow behavior can be described 
by a generalized Newtonian model, where viscosity 
decreases with increasing shear rate: 

η  ∝  γ̇!"#  (1) 

with n < 1  for shear-thinning fluids. This 
relationship explains the strong sensitivity of the 
system to imposed shear. 

Figure 1: CFD model of the concentric annulus 
showing (a) applied boundary conditions (b) the 
mesh, and (c) the resulting velocity magnitude 
distribution along the channel at 0 rpm. 

Conclusions 
Rotational shear in micro-annular geometries 
enhances flow in shear-thinning silicone elastomers 
by reducing apparent viscosity. The effect is 
strongest at moderate rotational speeds, depends on 
geometric confinement, and shows saturation at 
higher speeds. This approach provides a practical 
method to improve flow control in extrusion-based 
additive manufacturing without increasing pressure, 
offering potential benefits for high-resolution 
silicone printing and related applications.  
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Abstract: This study develops a 3D phase-field fracture framework to simulate failure in coronary stents during 

crimping and balloon deployment. It combines finite-strain elastoplasticity with a ductile fracture model, 

implemented via UEL in Abaqus and validated against experimental data. A second arterial model captures 

anisotropic hyperelastic behavior of vessel layers. Fully coupled simulations of the stent-balloon-artery system 

reproduce realistic loading sequences, revealing that damage initiates during crimping and progresses during 

expansion. Results highlight how stent design, coronary artery geometry and material behavior influence failure, 

providing a tool for optimizing stent performance and patient-specific treatment strategies.  

Keywords: Phase-field; Large-deformation; Coronary artery; Stent; Crimping and deployment 

Introduction 

Crimping and deployment of coronary stents involve 

large deformations, contact, and complex loading 

cases affecting structural integrity. This study 

presents a 3D phase-field fracture framework 

combining finite-strain elastoplasticity with ductile 

fracture [1], implemented as a user element in 

Abaqus and validated with experimental data to 

simulate stent behavior. A second computational 

model is implemented to describe the anisotropic 

hyperelastic arterial wall [2]. Coupled simulations 

capture the full crimping and expansion process, 

showing fracture initiates during crimping and 

deployment.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Crimping under extreme conditions 

reveals stress evolution for three stent designs, with 

contour plots illustrating key deformation stages I–

III. 

Results and Discussion 

The results show that the proposed framework 

accurately captures elastoplastic behavior, fracture 

initiation, and damage evolution during both 

crimping and deployment. In particular, Fig. (1) 

highlights that under extreme conditions, phase-field 

damage initiates at stress concentration zones and 

evolves differently depending on stent design. 

Comparisons between designs reveal significant 

variations in strength and fracture resistance, 

emphasizing the critical role of geometry. 

 

Conclusions 

Simulations show that crimping-induced stresses 

and stent–artery interaction drive fracture initiation, 

stress redistribution, inelastic deformation, and 

recoil, with outcomes strongly dependent on stent 

design and arterial properties. The current model 

focuses on core mechanics but will be extended to 

include in vivo effects such as pre-stretch, 

remodeling, residual stresses, and realistic layered 

artery structures. Future work will address fatigue, 

biodegradation, corrosion, and physics-based 

machine learning for optimization of stent design. 

Ultimately, the framework aims the development of 

smart stents integrating mechanical performance, 

material behavior, and patient-specific functionality. 
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Abstract: Chronic inflammation significantly limits the long-term performance of cochlear implants (CIs). As a 

first step toward future multi-template molecularly imprinted polymer (MIP) sensing platforms, we developed a 

conductive, biocompatible, and biodegradable nanoparticle molecularly imprinted polymer (nanoMIP)-based 

sensing layer for the selective detection of interleukin-6 (IL-6) in perilymph. The nanoMIPs achieved sensitivities 

down to 2 pg/mL in in-vivo samples while maintaining high selectivity against common perilymph constituents. 

Embedded within a chitosan matrix, the sensing layer is fully compatible with existing CI electronics and designed 

to biodegrade after monitoring, enabling electrode release without additional surgical intervention. 
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Introduction 

Cochlear implants (CIs) restore auditory perception 

through micro-electrode arrays interfacing directly 

with the auditory nerve. Despite their clinical 

success, post-implantation inflammatory responses 

remain a major challenge, as they are governed by 

complex cascades of multiple biomarkers that can 

progressively compromise the electrode–tissue 

interface and long-term device performance [1]. 

Integrating multiplex biosensing capabilities into CI 

electrode arrays is further constrained by the 

extremely limited implant surface area and the risk 

of electrical cross-talk interfering with neural 

stimulation fidelity. To address these limitations, 

nanoMIPs were investigated as a scalable sensing 

strategy toward future multi-template MIP platforms 

for localized inflammatory monitoring. In this 

proof-of-concept study, IL-6 was selected as a 

representative inflammatory biomarker and selecti-

vely detected using epitope-imprinted nanoMIPs 

embedded within a biodegradable chitosan coating 

deposited onto electrode surfaces via spray coating. 

NIP coatings were prepared as controls [2,3].  

Method 

Epitope-imprinted nanoMIPs were incorporated into 

a biodegradable chitosan matrix and spray-deposited 

onto screen-printed electrodes (SPEs) to fabricate a 

compact electrochemical sensing platform. Electro-

chemical impedance spectroscopy (EIS) was em-

ployed to evaluate IL-6 recognition across varying 

target concentrations in PBS. Sensor selectivity was 

investigated using physiologically relevant 

interferents, including HSA, IL-9, and IL-1β. To 

assess translational applicability, measurements 

were additionally performed in ex-vivo human 

perilymph samples collected during CI procedures. 

The degradation behaviour and functional stability 

of the nanoMIP–chitosan coatings were monitored 

over four weeks under aqueous incubation at 37 °C 

using longitudinal EIS measurements. Finally, 

biocompatibility studies were conducted to evaluate 

the suitability of the sensing platform for 

implantable bioelectronic applications. 

 

Figure 1: EIS-based IL-6 detection in human 

perilymph showing relative changes in R0 and Rct 

Results and Conclusions 

The nanoMIP-based sensing platform enabled 

selective and concentration-dependent IL-6 

detection using EIS. A nanoMIP:chitosan ratio of 

1:8 achieved the highest sensing performance with 

an imprinting factor of 8.1 ± 0.6. IL-6 was reliably 

detected down to 29 pg/mL in PBS and 2 pg/mL in 

ex-vivo human perilymph samples. Selectivity 

studies against HSA, IL-1β, and IL-9 yielded 

selectivity factors of 9.6 ± 3.1, 8.2 ± 2.1, and 6.9 ± 

2.4, respectively, confirming strong preferential 

recognition of IL-6. The sensing platform 

maintained functionality over four weeks under 

physiological conditions while exhibiting good 

biocompatibility. These findings demonstrate the 

potential of biodegradable nanoMIP-based 

interfaces as a foundation for future multiplex 

inflammatory biomarker monitoring in CIs.  
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Abstract: Critical-sized bone defects, caused e.g. by trauma or infections, require regenerative materials that 

combine bioactivity, mechanical stability, biodegradability and osteoinductive properties to ensure full recovery. 

Here, we present a composite material consisting of bioactive glass and the polymer poly(glycerol sebacate), that 

fulfils these requirements. A novel microwave-assisted synthesis route was employed to facilitate and accelerate 

polymer preparation. The developed composite demonstrates strong potential as a promising candidate for future 

applications in regenerative bone tissue engineering.  

Keywords: bone regeneration material; microwave synthesis; bioglass; poly(glycerol sebacate) 

Introduction 

Critical size defects in bones can no longer be fully 

healed by the body and only cartilage is formed [1]. 

The implantation of a bone regeneration material 

supports the healing process and facilitates bone 

formation and thus complete recovery. This work 

presents a bioactive, porous and elastic composite 

material consisting of a silica-calcium based 

bioactive glass and the synthetic biopolymer 

poly(glycerol sebacate) (PGS) as a suitable bone 

regeneration material. A porous structure enables 

vascularisation while the biodegradable nature of the 

material allows for the substitution with the newly 

formed bone [2,3].  

PGS is an elastic and biodegradable polymer. As the 

conventional synthesis entails time-intensive 

heating, microwave synthesis offers a suitable 

alternative. While the preparation of the prepolymer 

in the microwave is already established [4], its use 

for the solvent-free crosslinking of PGS has yet to 

be mastered. 

Results and Discussion 

PGS was prepared from glycerol and sebacic acid 

using either conventional heating or microwave 

irradiation for the preparation of the prepolymer and 

the crosslinking. The mechanical properties are 

similar for both preparation methods, while the 

preparation time could be reduced significantly. 

Successful crosslinking could also be shown by IR.  

The bioactive glass was produced using the sponge-

template method, yielding a brittle material with 

open macro- and mesopores as shown in Figure1. 

The mechanical stability was increased and 

biocompatibility as well as degradation behaviour 

were optimized by the polymer coating, while the 

macroporous structure was still intact.  

Biocompatibility was shown for the composite 

material using a CellTiter-Blue™ assay. 

 

 

 

Figure 1: a) Scheme depicting the use and 

properties of the composite as bone regeneration 

material. b) IR spectra of the PGS prepolymer and 

crosslinked polymer showing successful 

crosslinkage. c) SEM image and photograph of the 

composite material. 

Conclusions 

By sucsessfully crosslinking the polymer in a 

microwave synthesis, a composite bone regeneration 

material consisting of bioactive glass and 

poly(glycerol sebacate) was prepared. 
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Abstract: Surface-imprinted polymers (SIPs) were developed for the direct detection of S. aureus using 
polystyrene particles as synthetic templates, eliminating the need for pathogenic bacteria during fabrication and 
simplifying the imprinting process. The resulting binding cavities, matching the morphology of the bacteria, were 
shown to enable semi-quantitative direct detection of S. aureus. A limit of detection of 5×104 CFU/mL shows 
clear promise for further development of microparticle imprinted polymers for bacteria detection.  
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Introduction 
Detection of bacterial pathogens is essential for 
public health, food quality, and environmental 
safety. Surface-imprinted polymers (SIP) offer a 
promising sensing platform, providing selective 
binding cavities that match the shape and size of 
bacteria. This research introduces a novel approach 
to surface imprinting, using polystyrene (PS) 
microparticles as a synthetic template for bacteria 
detection. This method prevents the need for live 
pathogens during SIP fabrication, making the 
process simpler, faster, and cheaper by eliminating 
the need for specialised laboratory equipment.  
 
Results and Discussion 
For the detection of S. aureus, a SIP has been 
prepared using PS microparticles as templates to 
imprint polydimethylsiloxane (PDMS). By adapting 
the previously reported interfacial imprinting 
method[1], the surface coverage was improved, and 
variability between samples was decreased by a 
factor of four. Characterisation via optical 
microscopy showed that 98% of the PS particles 
were effectively removed through sonication, 
thereby exposing binding cavities that correspond to 
the morphology of S. aureus. Using the heat-transfer 
method (HTM), the binding of S. aureus to the PS-
imprinted SIPs was investigated (see Figure 1).  

HTM measurements performed in triplicate for both 
imprinted (SIP) and non-imprinted (NIP) layers 
showed significantly higher effect size values for the 
SIP layer, indicating that the resulting cavities allow 
for more bacteria binding. The limit of detection 
(LoD) was calculated according to the CLSI 
guidelines[2], leading to an LoB value of 0.098% and 
an LoD value of 5×104 CFU/mL.  

To further show the importance of binding cavities 
of matching morphology to the target bacteria, the 
binding of rod-shaped Escherichia coli bacteria to 

the spherical cavities showed significantly less 
binding to the imprinted layers than S. aureus. 

 

Figure 1: Dose-response graph of S. aureus binding 
to PS imprinted (SIP) and non-imprinted (NIP) layer 
(n=3). Error bars: signal noise. Linear regression 
models with 95% CI bands are shown for both SIP 
and NIP. Limit of blank (LoB) is indicated in green, 
and limit of detection (LoD) is shown in magenta. 

Conclusions 
Using PS particles for the imprinting of binding 
cavities matching the shape and size of S. aureus, a 
semi-quantitative sensor has been developed. The 
limit of detection shows the importance of shape-
specific binding cavities for the direct detection of 
bacteria. 
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Abstract: Biocompatible surface modification of dental implants aims to enhance soft‑tissue integration while 
reducing bacterial colonization. Biotinylated fibronectin was immobilized on streptavidin‑coated surfaces to 
promote gingival healing. Fourier‑transform infrared spectroscopy confirmed that the protein’s secondary 
structure remained intact after modification, indicating preserved biological activity. Surface plasmon resonance 
spectroscopy demonstrated successful fibronectin adsorption and revealed irreversible adhesion of lactic acid 
bacteria to titanium, underscoring the risk of biofilm formation. These results validate the structural integrity of 
modified fibronectin and highlight biophysical methods for characterizing protein and bacterial interactions on 
implant surfaces.  

Keywords: Biofunctionalization; Fourier-transform infrared spectroscopy; surface plasmon resonance 
spectroscopy; dental implant  

Introduction 
When using implants, infection-preventive and 
integration-promoting properties are equally 
important; however, achieving both simultaneously 
is usually not feasible. For this reason, the Molecular 
Biophysics Research Group at the Westphalian 
University of Applied Sciences developed a 
biofunctionalization method that can combine both 
aspects [1,2]. Immobilized biotinylated fibronectin 
(Fig. 1 A) is intended to support the healing of a 
dental implant abutment into the gingiva.  

Results and Discussion 
Fibronectin is a key glycoprotein in wound healing, 
supporting cell adhesion, migration, and 
differentiation. To ensure that biotinylation does not 
impair its function, Fourier-transform infrared 
spectroscopy was used to compare native and 
modified fibronectin. The nearly identical 
distribution of secondary structure elements 
indicates preserved structural integrity and 
biological activity.  
Using surface plasmon resonance spectroscopy, the 
adsorption behaviour was characterized in situ and 
in real time at a molecular level. The first 
measurement observes the immobilization of 
biotinylated fibronectin on a streptavidin monolayer. 
All free proteins were removed by a washing step. 
The reduced reflectivity indicates a surface altered 
by adsorption, which is desirable for the 
biofunctionalization of implants. The second 
measurement shows the adhesion of lactic acid 
bacteria to a titanium surface. The persistent change 
in reflectivity indicates an irreversible binding of the 
bacteria. In the case of a titanium dental implant, this 
can lead to the formation of a biofilm, which in turn 
can trigger an infection of the surrounding tissue.  

 

 

Figure 1: A) Biofunctionalized molecular multilayer 
system; B) Percentage distribution of secondary 
structure features in native and modified 
fibronectin; C) Real-time kinetics measurements. 

Conclusions 
Biophysical studies confirm intact protein folding 
and provide a method for characterizing adhesion, 
which can also determine anti-adhesive effects and 
the extent of coverage by bacteria or proteins. 
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Abstract: Intracellular signalling crucially influences cell behaviour and thereby responses to biomaterials. The 

kinase TAK1 plays a central role as node factor in various signalling pathways of stem and immune cells. The 

analysis of three TAK1 inhibitors revealed cell-type-specific characteristics. Inflammatory M1 macrophages 

demonstrated massive cell death in response to two of these inhibitors. Furthermore, pro- and anti-inflammatory 

programs of macrophages were affected, with the surface markers CD38 and CD206 showing reduced expression 

and altered cytokine secretions. RNA-sequencing revealed differential effects of all TAK1 inhibitors. 

Keywords: human mesenchymal stromal cells, human monocyte-derived macrophages, signal transduction 

Introduction  

Over the last decades, diseases, which require 

medical implants have increased rapidly. There are 

many different types of implants for a wide variety 

of areas within the human body, and typically there 

is a risk of failure due to various adverse reactions. 

One major problem results from foreign body 

reactions and fibrosis (figure 1) - the inflammatory 

process involving immune cells. 
 

 

Figure 1: Foreign body reaction in implants. Acute 

inflammation (right) and chronic inflammation 

(left). a acute inflammation: Signalling substances 

from damaged cells lead to vasodilation, migration 

of immune cells and plasma proteins, activation and 

recruitment of further immune cells to the matrix. b 

neutrophils: phagocytosis, cytokine secretion and 

degranulation, NETosis. c monocyte-derived 

macrophages: phagocytosis, cytokine secretion, 

antigen presentation. d Fusion of macrophages into 

multinucleated giant cells. e Formation of 

granulation tissue. f Formation of scar-like, fibrous 

capsule. Implant: grey cylinder (central). Cells: red: 

erythrocytes, blue (under a): immune cells (in 

general), blue (under b): neutrophils, purple: 

macrophages, yellow: fibroblasts, brown: vascular 

endothelial cells. Soluble factors/granula/particles: 

red: plasma proteins (a), grey: wear particles from 

implant (b, c), yellow: cytokines (b, c). Bacteria in 

case of an infection are shown in dark green. 

Drawing by Johanna Libnow. 

Results and Discussion  

Since TAK1 plays a critical role in many different 

signalling pathways, the analysis of various 

commercially available inhibitors (Oxozeaenol, 

Takinib and HS-276) is of enormous importance to 

understand TAK1 signalling more closely. The 

results of our studies demonstrate a cell type-

specific role of TAK1. The inhibition by 

Oxozeaenol or HS-276 led to severe cell loss in M1 

macrophages, presumably due to disruption of 

survival signals and apoptosis. The inhibition by 

Takinib showed lower cytotoxicity, which could 

indicate reduced functionality and limited cell 

permeability. TNF-α expression and secretion were 

greatly reduced by Oxozeaenol and HS-276. At the 

same time, TAK1 inhibition reduced the expression 

of cell surface markers such as CD38 and CD206, 

indicating impairment of pro- and anti-inflammatory 

programs. In osteoclasts, cell viability remained 

largely stable during TAK1 inhibition; however, 

during differentiation, a shift in the expression of 

specific markers was detected (CD51low/high, CD86, 

CD206).  

Conclusions  

Overall, the results underscore the cell type-specific 

function of TAK1: in macrophages, it regulates 

survival and proinflammatory activation; in 

osteoclasts, it regulates differentiation and 

maturation. The data provide valuable insights for 

the targeted, context-dependent modulation of 

TAK1 as a potential therapeutic approach in 

inflammatory diseases, including implant-

associated tissue reactions. 
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Abstract: In vitro reproduction of implant-associated biofilm dynamics is challenging and often low-throughput. 
Numerical simulation techniques help in overcoming methodological limitations. Therefore, this project aims to 
create an in silico experiment setup that simulates multi-species biofilm growth with consideration of its inner 
dynamics. This is achieved in a nested design: A macro-scale continuum model simulates spatial growth, while a 
nested meso-scale cascade model simulates dynamics within biofilm, e.g., cross-protection. 
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Introduction 
Biofilms developing on oral implant surfaces 
contribute to inflammation or even severe long-term 
peri-implant diseases. This poses a major problem 
for their longevity and the overall patient health. 
Better understanding of biofilm growth could enable 
the deduction of new treatments. This can be 
achieved by supporting established in vitro 
experiments with novel in silico ones, which can 
simulate even very complex setups. 

Results and Discussion 
First step is designing a macro-scale continuum 
model to describe spatial growth of biofilm, based 
on the surrounding concentration of nutrients1. This 
assumes a homogeneous biofilm, disregarding 
internal dynamics. It consists of partial differential 
equations that are derived from the extended 
Hamilton principle: 

ℋ[𝒖, 𝝃, 𝜃] = 	*(𝒢 + 𝒞 − ℬ +𝒟)	d𝑡
	

"
→ stat.

𝒖,𝝃
	 (1) 

To account for effects within biofilm, a second 
model at the meso-scale is nested within the growth 
model, describing ecological relationships within a 
representative set of bacteria. Interactions between 
species can be modelled as a complex network of 
sequential and parallel biochemical reactions. This 
cascade is efficiently described using the Hamilton 
principle. Conceptually, this approach not only 
allows consideration of biochemical reactions, but 
also of their activation energy within such a cascade. 

The nesting of different scales allows for detailed 
simulation of biofilm growth, considering not only 
concentration of nutrients, but also internal reactions 
of the colonizing species to global changes. This 
facilitates testing of new anti-biofilm therapeutics 
against, e.g., cross-protection. 

 
Figure 1: Phage-antibiotic combination therapies 
to inhibit 𝛽-lactamase driven cross-protection. 

Conclusions 
While this project is still work in progress, major 
milestones are already achieved. The development 
of the continuum growth model is finished and 
following research on this in silico model, new 
setups for in vitro investigation were found as well2. 
New strategies of phage-antibiotic combination 
therapies against cross-protecting biofilm cultures 
were found, which will be further investigated after 
application of the cascade model. 
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Abstract: Organic electronic ion pumps (OEIPs) enable precise, electrophoresis-based ionic transport, and their 

wireless photovoltaic operation has recently been demonstrated[1]. Here, a silicon photovoltaic-driven OEIP is 

presented as an in vitro research platform, incorporating a PEDOT:PSS channel on glass slide. Ionic conductivity 

across KCl, NaCl, LiCl, acetylcholine (ACh), and GABA was characterised at varying light intensities, success-

fully proving the concept. The platform will be miniaturised to the microscale for investigating ionic signalling 

and its interaction with retinal cells. 

Keywords: Organic electronic ion pump; PEDOT:PSS; Photovoltaics; Ion transportation; Retinal stimulation 

Introduction 

Ionic and neurotransmitter signalling underpins ret-

inal neural communication, and developing plat-

forms capable of delivering precise, controlled ionic 

species to retinal tissue remains an open challenge in 

bioelectronics[2]. OEIPs have emerged as a compel-

ling solution, enabling electrophoresis-driven 

transport of small charged species, including neuro-

transmitters such as acetylcholine and GABA, with 

high spatiotemporal resolution, and their wireless 

photovoltaic operation has recently been demon-

strated[1]. Nevertheless, systematic platforms char-

acterising ionic conductivity across biologically rel-

evant species, driven by silicon photovoltaics and in-

tegrated at the microscale for interfacing with retinal 

cells, remain largely unexplored. 

 

Results and Discussion 

The silicon photovoltaic-driven OEIP demonstrated 

light-modulated ionic transport through the PE-

DOT:PSS channel (Figure 1). Under LED illumina-

tion, ionic current increased sharply and reproduci-

bly from the room-light baseline (~20 µA), reaching 

peak values of ~140 µA for KCl and ~120 µA for 

LiCl, before returning to baseline upon switching off 

the light source. The photovoltaic cell enables on/off 

tuning of the ionic pump, with the two dark periods 

in the room-light phase confirming that transport is 

driven exclusively by the photovoltaic bias rather 

than passive diffusion. The distinct current levels for 

KCl and LiCl are consistent with the known ionic 

mobility sequence K⁺ > Li⁺ in cation exchange mem-

branes[3], demonstrating species-dependent 

transport, a key requirement for future investigation 

of biologically relevant ions in the context of retinal 

signalling. 

 

Figure 1: Ionic current over time for KCl and LiCl 

(30 mM) under dark, room light, and LED illumina-

tion. (Inset) Device schematic and targeted neuro-

transmitter delivery concept. 

Conclusions 

The silicon photovoltaic-driven OEIP successfully 

proved wireless, light-controlled ionic transport 

through a PEDOT:PSS channel, establishing a func-

tional in vitro characterisation platform that will be 

miniaturised to the microscale for systematic inves-

tigation of ionic signalling and its interaction with 

retinal cells. 

References 
[1] M. Jakešová, et al. npj Flex. Electron. 2019;3(1):14. 

doi:10.1038/s41528-019-0060-6. 

[2] A.E. Medina Arellano, et al. J. Neurochem. 

2025;169(8):e70198. doi:10.1111/jnc.70198. 

[3] T.A. Sjöström, et al. Adv. Mater. Technol. 

2018;3(5):1700360. doi:10.1002/admt.201700360. 

 

Acknowledgements  

This work was supported by the DFG-funded graduate 

school “Innovative Retinal Interfaces for Optimized Arti-

ficial Vision” (GRK2610, Grant No. 424556709). 

 

 

49 



Development of an integration process for a high-density electrode 
array for future retinal implant  

Fatemeh Molasarvestani1, Sven Ingebrandt1, Xuan Thang Vu1* 

f.molasarvestani@iwe1.rwth-aachen.de; vu@iwe1.rwth-aachen.de 

1 Institute of Materials in Electrical Engineering 1 (IWE1), RWTH Aachen University, Otto-Blumenthal-Str. 6. 
52074 Aachen, Germany  

Abstract: The project aims to develop a high-density microelectrode array (HD-MEA) for vision restoration of 
patients affected by irreversible photoreceptor degeneration. A row-column transistor array is designed on silicon-
on-insulator (SOI) wafers to individually address each electrode (up to 1024 electrodes), overcoming 
interconnection limitations of HD-MEA. The fabricated array is transferred onto a flexible polyimide substrate 
for mechanical conformability and biocompatibility with retinal tissue. The planar electrodes are further 
transformed into three-dimensional (3D) structures to enhance the tissue-electrode interface and improve 
stimulation efficiency. The design targets high spatial resolution, a wide field of view, and simultaneous 
stimulation and recording capability.  

Keywords: High-density microelectrode array; Vision restoration; Biocompatibility; 3D electrodes;  

Introduction 
Retinitis Pigmentosa (RP) and age-related macular 
degeneration (AMD) are leading causes of 
photoreceptor degeneration and severe vision loss 
[1]. Silicon-on-insulator (SOI)-based transistor 
technology offers low leakage current, high 
switching speed, and reduced power consumption 
while allowing for superior transistor scaling. The 
high-density transistor array will be realized on top-
silicon layer of SOI wafer. The inherent rigidity of 
SOI technology necessitates to remove the bulk 
silicon and transfer the device layer onto a flexible 
polyimide substrate.  

Results and Discussion 
In this work, we pursue a one-transistor-one-
electrode (1T1E) cell configuration to address the 
electrodes. The transistors are arranged in rows and 
columns for selecting electrodes, while the electrode 
is directly connected to the drain of the transistor, 
the gate and source are for switching the 
corresponding transistor on and off (Figure 1).   

 
Figure 1: Row-column transistor array with 32×32 
1T1E cell configuration 

In parallel with the fabrication of the 1T1E device, 
we are developing a process for transferring the 
array from SOI to a flexible polyimide film. Pseudo-
chips were fabricated by metallization on a 290 nm-
thick thermal oxide layer on a silicon wafer. The 
front side of the wafer was passivated with 
polyimide. The bulk silicon on the backside was 

subsequently etched away using a combination of 
wet and dry etching. In Figure 2a, the result of 
etching bulk silicon is presented. 

 
Figure 2: a) The result of etching silicon windows 
with different sizes. b) 3D microelectrode with 
sidewalls passivation 

In Figure 2b, a 21 µm high 3D electrode is presented. 
The 3D structure was realised by electroplating gold 
onto planar electrodes, and the electrode sidewalls 
were then passivated with a thin layer of polyimide. 

Conclusions 
Future work will focus on complementary p- and n-
type transistors to enable charge-balanced biphasic 
stimulation. In parallel, the thinned silicon device 
will be transferred onto a flexible polyimide 
substrate and packaged for physiological 
experiments.  
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Abstract: Electric control of gas adsorption has been reported using metal oxide semiconductor structures, where
the electric  field at  the free  semiconductor  surface acts  as  the driving force for  adsorption.  A preliminary
electrostatic model is presented that allows estimation of the electric field emerging from the semiconductor
surface for thin-film devices.
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Introduction
The influence of electric fields on gas adsorption has
attracted interest  since the 1950s [1].  It  has been
observed by electrical measurements and by X-ray
photoelectron  spectroscopy  on  a  semiconductor
surface under electrical polarization [2]. In the test
of Fig. 1 a potential is applied to the back of the
sample, while the  guard ring is grounded, acting as a
reservoir of electrons or holes as well as fixing the
potential of a region of the surface. A key aspect is
that the semiconductor thickness w is of the order of
the Debye screening length LD, allowing the electric
field to extend across the semiconductor.

Despite the observation of changes in the chemical
states of the adsorbate [2, 3] depending on the back
potential, the detailed electrostatic behavior of the
device is still  not fully understood and we report
here on recent efforts to model it.

Results and Discussion
Even though the MOS has been studied since the
1960s, work focused on the channel just below the
gate.  The  Poisson-Boltzmann equation  for  the  p-
MOS [4] in dimensionless variables is

d2u/dx2=1-e-u+e-v(eu-1)                   (1)

where u is the potential, x is expressed in units of LD

and v is the onset potential of strong inversion; v is
the only parameter depending on the semiconductor
properties. Eq. (1) can be integrated once, yielding
an expression of the form

 du/dx=G(u,f)                          (2)

where the parameter f is the non-dimensional field
evaluated at the grounded side of the device (x=w):
it  vanishes  in  the  thick-device  limit  [4].  It  was
numerically calculated (from an integral equation)
for gate potentials spanning from accumulation to
strong  inversion  [5],  allowing  a  straightforward
numerical  calculation of  the  potential  and carrier
densities.

Figure  1: MOS device  for  gas  electroadsorption
measurements

Conclusions
The main conclusion is that the field at the grounded
surface is non-negligible and can extend beyond the
semiconductor  into  the  vacuum  if  the  grounded
electrode is  not  in  contact  with the surface.  This
geometry, however, cannot be described by a 1D
model and calculations for a 3D device are currently
in progress.
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Abstract: This study demonstrates the use of highly stable single-molecule enzyme nanocapsules (SENs) instead 

of traditional native enzyme as biorecognition element in enzyme-based biosensors. The main purpose of this 

study is to resolve the major obstacle and challenge in the biosensor field, i.e., the poor stability of enzyme-based 

biosensors, including thermal stability, organic solvent tolerance, long-term operational stability, etc. For this 

purpose, highly active and robust SENs of glucose oxidase (GOx, as a model enzyme) were synthesized (nGOx) 

using an in-situ polymerization strategy in an aqueous environment and used for the detection of glucose. 

Keywords: Single enzyme nanocapsule (SEN); biosensors; glucose oxidase; glucose. 

Introduction 

Biomolecules such as glucose, adrenaline, dopamine 

are integral elements of living organisms and control 

many biochemical functions of the body. Such bio-

molecules are generally termed as biomarkers for 

body metabolite or disease detection. Increasing im-

balance in the natural metabolism of human body re-

sults in irregular secretion/absorption and alteration 

in biomolecule concentration which may lead to var-

ious genetic, metabolic, and cancerous diseases. 

Therefore, there is a great need for highly sensitive, 

accurate and stable detection platforms for their fast 

and specific detection. 

Results and Discussion 

Highly active and robust enzyme nanocapsules were 

synthesized using a simple two-step in-situ polymer-

isation method. In the first step polymerizable vi-

nyl/acryloyl groups were engineered on the enzyme 

(protein) surface by acryloxylation. The second step 

involved the subsequent in situ polymerization in 

aqueous environment encapsulating acryloxylated 

enzyme molecules. Each enzyme nanocapsule con-

sists of a protein (enzyme) core and a thin permeable 

shell. The polymer shells effectively stabilized the 

interior enzyme by enabling rapid substrate trans-

portation resulting in a novel class of biocatalytic 

nanocapsules with outstanding stability and activity. 

Conclusions 

Synthesized single molecule enzyme nanocapsules 

(SENs) of GOx enzyme and successfully applied to 

fabricate novel class of stable and robust 

nano(bio)sensors. Thin polymer layer around the en-

zyme molecule was highly permeable to glucose 

substrate which did not restrict the substrate move-

ment. This work demonstrates a new class of 

nano(bio)sensors based on SENs for biosensing ap-

plications at different working environment. 

 

 

 

 

Figure 1: Schematic illustration showing prepara-

tion, application and stability of single molecule en-

zyme nanocapsules. 
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Abstract: Implant-associated infections, a challenging-to-detect inflammation of the tissue surrounding implants, 

are often caused by bacterial biofilms and can lead to severe medical complications. To enable early detection and 

treatment, this study aims to define baseline pH values and changes within the biofilm upon external triggers for 

the development of a sensor for pH-dependent autonomous drug release systems. For this purpose, mono- and 

dual-species biofilms of the most common species found in musculoskeletal implant biofilms were ratiometrically 

stained and pH values were determined in three-dimensions by microscopy and digital image analysis, showing 

typical gradients and species-specific differences. 

Keywords: implant-associated infection, bacterial biofilm, pH sensor, fluorescence microscopy

Introduction 

Implant-associated infections, often caused by 

bacterial biofilms, can lead to severe complications 

like implant loss and sepsis. Early detection of 

bacterial colonization by their metabolic products 

would enable timely treatment and implant 

preservation. In biofilms of musculoskeletal 

implants, like hip and knee endoprostheses, 

Staphylococcus epidermidis and Enterococcus 

faecalis are the most common dual-species biofilms, 

while Staphylococcus aureus is the most common 

mono-species biofilm strain [1]. This study aims to 

obtain three-dimensional pH profiles of the different 

model biofilms to define specific thresholds for 

infection sensor development. 

Results and Discussion 

The dual-species biofilm was established under 

laboratory conditions and analysed using 

fluorescence-in-situ-hybridisation (FISH) staining, 

revealing an approximately 1:1 distribution after 

16 h of cultivation [Figure 1]. Afterwards, pH-

sensitive, ratiometric fluorescence staining SNARF-

4F 5-(and 6) Carboxylic Acid (SNARF-4F), 

confocal laser scanning microscopy and digital 

image analysis could demonstrate pH gradients 

within the biofilms of all species as previously 

evaluated for oral biofilms [2]. The acidification is 

most probably attributed to an increase in lactic acid 

production, a metabolic byproduct from all 

examined strains.  

Conclusions 

In the present study, an orthopaedic dual-species 

biofilm was successfully developed and 

characteristic pH gradients could be detected. In the 

future, this model can be used to analyse the 

influence of different environmental conditions (e.g. 

nutrients or wear particles) to define parameters for 

infection sensor development. 

 

 

Figure 1: Dual-species biofilm of S. epidermidis 

(red) and E. faecalis (green) after 16h of growth. 

Stained with fluorescence-in-situ-hybridization. 

Scalebar shows 20 µm.  
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Abstract: Electrospun slippery liquid-infused porous surfaces (SLIPS) were evaluated for their ability to 

modulate wettability, protein adsorption, and cellular adhesion. Porous polymer substrates infused with various 

lubricants were characterized by contact and sliding angles, spectroscopy, and microscopy. SLIPS reduced 

fibroblast adhesion and metabolic activity and altered blood-related interactions compared to untreated substrates. 

However, protein adsorption and cell attachment were not consistently suppressed across all fluids and material 

systems. The findings indicate that SLIPS performance is strongly dependent on substrate–lubricant combinations 

and environmental conditions, resulting in reduced but not eliminated biological adhesion. 

Keywords: SLIPS, electrospun implant coatings, protein adsorption, fibroblasts, surface functionalization 

Introduction 

Protein adsorption and subsequent cell adhesion 

remain a critical limitation of many implant surfaces 

[1]. Slippery liquid-infused porous surfaces (SLIPS) 

have emerged as an approach to modify interfacial 

interactions by introducing a liquid layer that 

prevents direct contact between the substrate and the 

surrounding biological medium [2]. However, the 

effectiveness of SLIPS depends strongly on material 

combinations and environmental conditions, and 

their performance in complex biological media 

remains insufficiently understood [3]. The aim of 

this study was to evaluate electrospun SLIPS 

systems with respect to their wettability, protein 

adsorption, and cell adhesion. Electrospun 

substrates based on poylcaprolactone (PCL), 

polyvinylidenefluoride-Trifluoroethylene (PVDF), 

and polyurethane (PU) were infused with different 

lubricants (Almond, coconut and silicone oil) to 

create SLIPS and exposed to blood, plasma, and 

artificial perilymph. In addition, NIH/3T3 fibroblast 

adhesion, viability, and metabolic activity were 

assessed.  

Results and Discussion 

Oil infusion significantly reduced water contact 

angles from approximately 130° for the untreated 

substrates (PCL, PVDF, PU) to 80.9–86.9° for the 

SLIPS systems. Sliding angles decreased 

substantially from no sliding (untreated substrates) 

to sliding angles as low as 10.2° (PCL-Coconut). 

However, variability in sliding behavior and 

microscopic observations indicate inhomogeneous 

lubricant distribution and partial exposure of the 

electrospun substrate, suggesting limitations in 

surface uniformity. Protein adsorption showed a 

strong dependence on both the biological medium 

and the material–lubricant combination. While all 

SLIPS systems exhibited reduced adsorption 

relative to untreated substrates, no consistent 

suppression across all fluids and exposure times was 

observed. Fibroblast culture demonstrated reduced 

cell density and metabolic activity on all SLIPS 

compared to reference surfaces (pristine fiber mats, 

PDMS thin films), while maintaining overall cell 

viability. This indicates that SLIPS attenuate cell 

adhesion and proliferation without inducing 

cytotoxic effects, consistent with reduced surface 

accessibility rather than complete inhibition of 

biological interaction. 

Conclusions 

Overall, the results highlight that electrospun SLIPS 

systems can mitigate biological adhesion processes, 

but their performance is governed by the interplay of 

substrate properties, lubricant characteristics, and 

environmental conditions. Consequently, anti-

adhesive behavior remains variable and system-

dependent rather than universally effective and 

requires further optimization to achieve reliable and 

durable anti-adhesive functionality in biomedical 

applications. 
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Abstract: This work focuses on modeling bioimpedance data for biomarker quantification, using lactate as an 

example. Impedance spectra (1 MHz–100 MHz) at different concentrations show clear, concentration-dependent 

behavior. Iterative least-squares fitting was applied. More complex models, such as the double Cole model and 

the Randles circuit, achieved sufficient fits throughout model assessments.  
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Introduction 

Point-of-care biomarker detection remains 

challenging due to reliance on invasive methods. 

Although bioimpedance spectroscopy offers a non-

invasive alternative, it requires robust modelling to 

distinguish the effects of biomarkers from the 

dominant influences of tissue and electrolytes. 

Electrical equivalent circuits (EECs) are commonly 

used to describe impedance data, though model 

validity and efficiency remain critical [1,2].  

For evaluation, saline solutions with physiological 

lactate concentrations were measured using 

electrochemical impedance spectroscopy. The 

dataset is used to assess the suitability of different 

modelling approaches for biomarker quantification. 

Results and Discussion 

The dataset comprises impedance spectra from 1 

MHz to 100 MHz at five lactate concentrations, 

showing clear concentration-dependent differences 

(Fig. 1). In this work this dataset functions as 

evaluation for general bioimpedance modelling with 

EECs.  

 

 

An iterative least-squares method with random 

initialization was applied, suitable for low 

computational cost. Initially, all data were fitted 

using a single Cole model [3]. However, the model 

failed to capture the spectral complexity, resulting in 

significant deviations. Therefore, more complex 

models were evaluated [2,4]. Both the double Cole 

model (DCM) and the Randles circuit provide 

improved fits (Fig. 2). The mean squared error 

(MSE) is 4.24 Ω for the double Cole model and 4.40 

Ω for the Randles circuit; summed over all 

measurements, 62.163 Ω and 63.427 Ω, 

respectively, indicating a slightly better fit for the 

DCM. While both models describe the data 

adequately, further constraints and application-

specific parameter bounds are required for reliable 

quantification and real-time analysis. 

Figure 2: Fitted Models for measurement example  

Conclusions 

This work addresses a component of the 

quantification pipeline for biomarkers using 

bioimpedance measurements. The results show that 

multiple modelling approaches are viable; however, 

model complexity must be sufficient to reliably 

capture the underlying biophysical behaviour. The 

findings align with existing proof-of-concept studies 

on lactate detection via bioimpedance and support 

the extension toward quantitative estimation of 

lactate and potentially other biomarkers. 
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Abstract: Spray drying is a promising route for improving the storage stability of mRNA-LNP vaccines, but rapid 
heating, evaporation and particle aggregation are difficult to observe experimentally. We develop a CFD–DEM 
framework to simulate a single vaccine-like droplet exposed to hot air. The model couples VOF-resolved 
evaporation, thermodynamic wet-bulb cooling, vapor transport and discrete particle motion. Simulations reveal 
how gas temperature, humidity and flow velocity affect droplet shrinkage, thermal history and LNP-like particle 
rearrangement. This digital approach supports process design for thermally sensitive nano-medicines. 

Keywords: mRNA vaccine; LNP; CFD–DEM; spray drying; digital twin; nano-medicine

Introduction 
mRNA-LNP vaccines are highly sensitive to thermal 
and mechanical stress during manufacturing and 
storage. Spray drying may improve their long-term 
stability, but the process involves fast evaporation, 
strong temperature gradients and particle 
redistribution inside micron-scale droplets [1,2]. 
These coupled effects are difficult to measure 
directly. Therefore, a predictive digital model is 
useful for understanding how drying conditions 
influence the thermal and mechanical history of 
vaccine-like droplets. 
 
Results and Discussion 
A three-dimensional CFD–DEM model was 
developed for a water-based droplet containing 
embedded LNP-like particles. The liquid–gas 
interface is resolved by a VOF method, while the 
particle phase is tracked by DEM. Evaporation is 
driven by a thermodynamic wet-bulb temperature 
model and localized at the droplet interface. This 
model builds on previous numerical work on droplet 
heating, evaporation and particle segregation during 
spray drying [1,3]. 
The simulations show that droplet temperature is 
controlled by both hot-air heating and evaporative 
cooling. Higher gas temperature and stronger 
airflow accelerate shrinkage, whereas higher vapor 
content reduces the evaporation driving force. After 
the initial heating stage, the droplet diameter follows 
the expected 𝑑!-law trend. The DEM particles move 
with the internal flow, concentrate during shrinkage 
and finally form agglomerated structures. In 
flowing-air cases, asymmetric heating and vapor 
transport lead to directional particle migration and 
shell-like accumulation. 
 
Conclusions 
The proposed CFD–DEM framework provides 
a digital tool for studying evaporation, heat 
transfer and particle rearrangement in mRNA-

LNP-like droplets during spray drying. It can 
help identify drying conditions that reduce 
thermal stress while controlling final particle 
morphology. 
 

 
Figure 1: A single droplet evaporating in flowing 
hot air with streamline and particle trajectory 
visualized. 
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Abstract: This study focuses on assessing the influence of commercial mouth rinse solutions on the stability of 
titanium dental implant screws. While titanium remains the gold standard for dental implantology, factors that can 
influence its corrosion have to be explored thoroughly. In these experiments, 5 commercial mouth rinse solutions 
have been tested and compared to artificial saliva. Tafel analysis made it possible to determine an upper limit of 
titanium release caused by the solutions. Furthermore, electrochemical impedance spectroscopy revealed surface 
changes to the implants caused by some of the solutions.  
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Introduction 
Titanium dental implants are the gold standard for 
modern dental implantology. The oral cavity 
provides a highly demanding environment, with 
fluctuating temperatures, pH values and a wide 
range of different chemicals, which all influence the 
corrosion of an implant [1]. One chemical factor are 
commercial dental hygiene products such as mouth 
rinse solutions. They often contain aggressive 
agents, such as HOCl or other components which are 
not widely tested in terms of their influence on 
corrosion. This study investigates 5 different 
commercial mouth rinse solutions and their 
influence on the corrosion of titanium dental implant 
screws. 

 

Results and Discussion 
The experiments were performed on 5 different 
mouth rinse solutions with various compositions and 
active agents. As a first step, linear polarisations 
were performed on the solutions to test their redox 
behaviour at relevant potentials. In order to establish 
a base line all corrosion tests were additionally 
performed in Fusayama/Meyer solution (artificial 
saliva for corrosion tests). Implant screws were 
mounted in a self-designed testing cell to simulate 
the electrolyte exposure it would face in an 
implanted state. The temperature of the electrolyte 
was held at 33°C for all tests. In this setup the 
corrosion rate and corrosion potential were 
determined by Tafel analysis. Further, 
electrochemical impedance spectroscopy was 
performed after extended immersion times in order 
to asses possible changes to the passive oxide layer.  

 

Figure 1: Drawing of a dental screw indicating the 
implant area exposed to mouth rinse solutions 
during everyday use. (*AI generated) 

Conclusions 
The tests made it possible to give an assessment of 
the upper limit of conceivable titanium release 
caused by the solutions. While some solutions 
caused a clearly elevated corrosion rate, the linked 
titanium release stayed at benign levels for all 
solutions. The impedance measurements indicated 
surface changes to the implants, linked to certain 
ingredients such as phosphates. Ultimately, the test 
gave valuable insight into the influence of dental 
hygiene products on the stability of dental implants. 
Knowledge of these factors are essential for patient 
safety and future product development alike.  
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Abstract: This study investigates the influence of self-assembled monolayers (SAMs) with thiol-groups on 
combinatorial Ag-Cu thin film libraries. The thin films were fabricated by thermal co-evaporation of Ag and Cu 
on glass with a Cr adhesion layer. A compositional gradient of Ag ranging from 83 to 99 at. % was obtained. The 
alloys surface modification was achieved by SAM adsorptions via solution immersion. The electrochemical 
properties were characterized by electrochemical impedance spectroscopy (EIS), Tafel analysis, and cyclic 
voltammetry (CV). EIS and Tafel analysis were repeated after one CV cycle to assess the stability of the 
monolayer. The results were compared to a reference Ag-Cu thin film. The increase in charge transfer resistance 
(Rct) and reduction of corrosion rate (CR) for specific alloy compositions indicated that SAMs act as effective 
surface protective layers. These results highlight the potential of SAMs as surface modifiers for corrosion 
protection applications.  

Keywords: Ag-Cu combinatorial thin film; self-assembled monolayers; corrosion protection;  

Introduction 
Surface properties strongly influence the 
electrochemical behavior of thin films, particularly 
their corrosion resistance. SAMs can tailor these 
properties by forming ordered molecular 
monolayers with specific chemical functionalities. 
Acting as charge transfer barriers at the film-
electrolyte interface, SAMs reduce corrosion rates. 
Beyond corrosion protection, the choice of terminal 
functional groups enables applications in sensing, 
catalysis and other areas requiring controlled 
interfacial interactions, such as anodic memristors. 
[1]  

Results and Discussion 
Three thiol-based SAMs: adamantylthiol (AD), 
mercaptotrytil (TRT) and mercapto 
(pentafluorophenyl) (5F), were electrochemically 
investigated on combinatorial Ag-Cu thin films. EIS 
measurement revealed an overall increase in Rct for 
the AD- and 5F- modified samples, particularly in 
the compositional range from 90 to 95 at.  % Ag. 
This increase in Rct was accompanied by a 
significant reduction in the CR compared to the 
unmodified Ag-Cu thin film. In contrast, the TRT-
modified sample exhibited the opposite trend. CVs 
showed considerably lower currents at higher Ag 
compositions for AD- and 5F-samples (when 
compared to the uncoated alloys), and at lower Ag 

compositions for TRT-sample, indicating 
suppressed electrochemical activity. In all cases, the 
observed behavior was strongly dependent on alloy 
composition.  

Conclusions 
Thiol-based SAMs significantly influenced the 
electrochemical behaviour of combinatorial Ag-Cu 
thin films. AD and 5F provided the most effective 
surface passivation at high Ag composition, as 
evidenced by an increase in Rct and a reduction of 
CR compared to the reference sample.  
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Abstract: Magnetic nanoparticles (MNP) drive innovative diagnostics with magnetic particle imaging (MPI) and 

biosensing as well as therapies using MNP as heating agents. Such application relies on the magnetic relaxation 

of MNP in alternating magnetic fields, whose physics can be predicted using nonequilibrium dynamic 

magnetization simulations, enabling insights into setup instrumentation, MNP design, and in-vivo applicability. 
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Introduction 

Magnetic nanoparticles (MNP) are miniaturized 

magnets with unique superparamagnetic properties 

leading to nonlinear relaxation processes under 

alternating magnetic fields (AMF) [1]: Applying 

different frequencies of AMF enable detection, 

localization and heating of MNP, inspiring 

biomedical applications spanning diagnostics with 

magnetic particle spectroscopy (MPS) & imaging 

(MPI) as well as biosensing and therapeutic 

treatment options like magnetic fluid hyperthermia 

(MFH) [1-2], even allowing combined application in 

theranostics [3]. Exciting MNP with dual-frequency 

AMF adds intermodulation frequencies to the 

MNP’s magnetic response, enabling multiplexing 

capabilities to biosensing applications – known as 

frequency mixing magnetic detection (FMMD) [2]. 

Managing and predicting the MNP relaxation 

response depends on the materials properties, 

(micro-)environmental factors and the AMF itself, 

as summarized in Figure 1. Also, above biomedical 

applications imply in-vivo use in blood, cells or 

tissue [4], leading to immobilization and clustering 

of MNP that change their binding states, hindering 

rotation and increasing magnetic interactions [5]. 

Stochastic Néel-Brownian-coupled nonequilibrium 

dynamic magnetization simulations emerged as a 

potent tool for systematically predicting MNP signal 

generation in MPS/MPI, MFH and FMMD [1,2]. 

Results and Discussion 

Preliminary results from simulations suggest that… 

… larger individual magnetic core sizes generate 

higher signal in all applications (cf. Fig. 1, inset) [3]. 

… increased viscosity and particle immobilization 

(modelling immersion with blood or cells) slightly 

reduce MPS and FMMD signal, largely independent 

of excitation conditions (cf. Fig. 1, inset) [6]. 

… the combined effects of viscosity and shell 

thickness indicate an optimal signal “sweet spot” in 

MPS for MNP with thin shells [4]. 

…particle interactions decrease the net MPS signal; 

but strongest for largest core sizes, thus smaller 

cores could yield relatively higher signal in-vivo [5]. 

 

Figure 1: Schematic of interplaying factors 

optimizing application of MNP; incl. preliminary 

simulation results on MPS / MPI and FMMD (inset). 
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Abstract: Capacitive field-effect EMIS (electrolyte-membrane-insulator-semiconductor) sensors have been 

studied for the detection of Na+ ions in solutions. As sensor membrane, polyvinyl chloride (PVC) incorporating 

different amounts of the sodium ionophore X, has been prepared via drop-casting on field-effect structures of 

Al/p-Si/SiO2/Ta2O5. Sensor characterization has been performed by means of impedance spectroscopy, 

capacitance-voltage- (C-V), and constant-capacitance (ConCap) methods in terms of Na+-ion sensitivity, signal 

stability, hysteresis, and cross-sensitivity towards interfering ions (K+, Ca2+). 

Keywords: sodium sensor; capacitive field-effect sensor; PVC membrane; sodium ionophore X 

Introduction 

A sodium-ion sensitive capacitive field-effect sensor 

was introduced recently; in this study, a key focus 

was on investigating the structure of the sensor chip 

using different gate insulator materials (SiO2, Si3N4, 

and Ta2O5) [1]. 

As former studies with field-effect sensors with an 

incorporated potassium ionophore demonstrated, 

ionophore concentration strongly influences the 

overall sensor behavior [2]. Therefore, to further 

optimize sensor performance, running experiments 

address the influence of membrane cocktail 

composition with regard to ionophore concentration 

(0.7%, 2%, and 3%). The Na+-ion EMIS sensors will 

be characterized in terms of Na+-ion sensitivity, 

signal stability, hysteresis, and cross-sensitivity 

towards interfering ions (K+, Ca2+). 

 

Results and Discussion 

The Al/p-Si/SiO2/Ta2O5 field-effect capacitors were 

prepared as described in [1]. The polymeric 

membrane cocktail with different concentrations of 

0.7%, 2%, and 3% of sodium ionophore X was 

fabricated via drop-casting on the sensor surface 

after silanization with hexamethyldisilazane. 

Electrochemical sensor characterization started in 

different Na+-ion concentrations (10-1 M – 10-6 M) 

in 1 M TRIS buffer, pH 8. 

Figure 1 shows representative ConCap (constant 

capacitance) responses of three Na+-sensitive EMIS 

sensors with a sensitivity of 44.0 mV/pNa for 0.7% 

(black line), 53.7 mV/pNa for 2% (red line), and 

24.3 mV/pNa for 3% (blue line) of ionophore X. 

 

Figure 1: Exemplary ConCap measurements of 

three EMIS sensors with different quantities of 

sodium ionophore X. 
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Abstract: Biosensors are of interest in diagnostic field due to their promise for fast, precise, and direct detection 

of target analytes while being compact and easy to use. Kelvin Probe Force Microscopy (KPFM) analysis of the 

biosensors can provide a wealth of information on surface properties. Topography and Kelvin potential of 

deposited active channel materials on field-effect transistors (FETs) has been investigated.  

Keywords: atomic force microscopy; field-effect transistors; graphene oxide; hydrogel 

Introduction 

Lab-on-a-chip technology is of great interest in the 

field of diagnostics due to its ability to deliver rapid, 

accurate, and direct results once analytes are 

introduced into the compact device, which is easy to 

store, operate, and interpret. Different compounds 

can be used in manufacturing of devices applied in 

non-destructive sensing of the biological molecules, 

biomarkers, e.g. nanoparticles, polymers, hydrogels 

(Figure 1)[1]. KPFM allows for investigation of the 

surface topography together with the surface Kelvin 

potential of active sensor surface. 

Results and Discussion 

Surface characterisation of FETs functionalised with 

graphene oxide (GO), reduced GO (rGO – used as 

active transistor channel material) and hydrogel 

(pNIPAAM – used for functionalisation of the 

channel) has been conducted with KPFM under 

ambient conditions. Challenges in defining relation 

between the thickness of the deposited material and 

Kelvin potential detected on surface have been 

identified. Three different times of wet casting of 

GO on the substrate have been analysed: 10 min, 30 

min and 60 min. Analysis of Kelvin potential across 

the different thicknesses of the layer of GO/rGO 

showed dependence of surface potential on 

thickness of the deposited material. For instance, the 

Kelvin potential between the substrate (Si/Si3N4) 

and the deposited material was approximately 10-

130 mV (for 2-6 nm of rGO after 60 min), while 10-

40 mV (2-4 nm of rGO after 10 min). The 

dependence of the potential on thickness of the 

GO/rGO can directly influence the signal that is 

acquired by the biosensors [2]. Hence, the input of 

the data can be affected, leading to change in the 

quality of the attained data. With application of 

KPFM for characterisation, it is possible to optimise 

the fabrication process. 

The next step in creation of the biosensors includes 

functionalisation of the channel allowing for binding 

chemical/biological analytes [3]. The deposition of 

the hydrogel has been, with mean step size of dry 

hydrogel approximately equal to 85 nm. 

 

Figure 1: Principle behind the concept of hydrogel 

deposited on FET used for biosensing – reception of 

volatile organic compounds in exhaled breath. 

Conclusions 

Functionalisation of the FETs used in biosensing is 

allowing for enhancement of the sensor properties. 

KPFM was successfully used in characterisation of 

the surface of the FETs with GO/rGO compounds 

and hydrogels used respectively as active channel 

material and for functionalisation thereof. 
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Towards tuneable biomineralization: Raman Confocal study of 

calcium carbonate formation in silk based solutions 
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Abstract: Biomineralized hydrogel systems are of particular interest for biomaterials applications, as they provide 

suitable substrates for cell culture, while calcium carbonate (CaCO3) formation can promote specific cell 

attachment and enhance material functionality. CaCO3 precipitation was studied under fibroin and sericin 

mediated mineralisation and compared to reference experiments without the presence of proteins. Confocal 

Raman spectroscopy allows identification of crystal phases, spatial distinction between organic and inorganic 

regions and enables distinction between different polymorphs of CaCO3. 
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Introduction 

The interest in silk fibroin (SF) and sericin from 

Bombyx mori silkworms as versatile and highly 

biocompatible material for biomedical applications, 

has increased significantly in recent years. [1] 

Investigating biomineralization processes within 

organic matrices contributes to the development of 

sustainable manufacturing strategies for functional 

materials in the field of biomedical engineering. [2] 

Silk proteins interact with ions in solution, thereby 

influencing nucleation, crystal growth and 

polymorph selection of CaCO3, which makes them 

an attractive model system for bio inspired material 

development. [3] 

In this study, the influence of proteins with varying 

concentrations in solution and within an oriented 

matrix on CaCO3 precipitation will be investigated. 

The experiments will be conducted under varying 

pH conditions and salt concentrations that are 

similar to physiological environments.  

 

Results and Discussion 

Initial experiments were conducted by precipitating 

of CaCO3 in the presence of fibroin. Briefly, a 

0.2 mol L⁻¹ calcium chloride solution was added to 

a fibroin solution (2 g L⁻¹) under continuous stirring. 

Subsequently, a 0.2 mol L⁻¹ sodium carbonate 

solution was added dropwise. The resulting crystals 

were collected after different precipitation times 

varying from 10 minutes to 20 hours. Reference 

samples were prepared following the same 

procedure, in the absence of protein. Raman 

spectroscopy was employed to identify the resulting 

CaCO3 polymorphs. 

Figure 1. depicts the obtained spectra, where calcite 

was identified as the dominant polymorph, as 

indicated by characteristic peaks (a,b,c,d). All 

spectra were normalized on the symmetric stretching 

vibration of the carbonate ion ν(CO₃²⁻). Differences 

between samples were mainly observed in peak 

intensities, particularly in the low wavenumber 

Figure 1: Raman Spectra of CaCO3 with and 

without fibroin after different reaction times, 

executed by using WITec alpha 300RA, 532nm 

 

region. A precipitate was observed only after 30 

minutes, no precipitation occurred prior to this point. 

 

Conclusion 

A systematic precipitation approach enables 

controlled biomineralization in the presence of silk 

proteins, with calcite as the predominant polymorph 

under the investigated conditions. Future work will 

focus on tuning polymorph formation and extending 

the study to fibroin and sericin hydrogels to 

investigate mineralization at interfaces and within 

three-dimensional matrices. 
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Abstract: A multiplexed, biomimetic biosensor system is presented for the non-invasive analysis of inflammatory 
biomarkers in exhaled breath condensate (EBC). Three targets, 3-nitrotyrosine, hexanal, and neutrophil elastase 
are detected using integrated molecularly imprinted polymers and aptamer-based receptors on a multi-electrode 
chip. EBC is rapidly collected and conditioned to enable reliable impedimetric measurements. 
The system is evaluated on clinical EBC samples from healthy individuals and COPD patients. 
Elevated biomarker levels and responses to environmental exposure are observed, demonstrating the potential for 
quantitative breath-based diagnostics.  

Keywords: impedimetric biosensor, molecularly imprinted polymers, aptamers, exhaled breath condensate 

Introduction 
Chronic respiratory diseases such as chronic 
obstructive pulmonary disease (COPD) and cystic 
fibrosis (CF) require improved tools for early 
diagnosis and monitoring. Exhaled breath 
condensate (EBC) provides a promising non-
invasive approach, enabling repeated sampling of 
biomarkers linked to inflammation and oxidative 
stress [1]. Using a low-cost condenser, EBC can be 
collected within a few minutes with minimal burden 
to patients [2]. However, accurate quantification 
remains challenging due to low biomarker 
concentrations and sample variability. In addition, 
environmental factors such as air pollution can 
influence biomarker levels and disease progression 
[3]. These challenges highlight the need for 
sensitive, multiplexed biosensor systems for reliable 
EBC analysis. 

Results and Discussion 
The developed biosensor system enables sensitive 
and selective detection of 3-nitrotyrosine (3-NT), 
hexanal, and neutrophil elastase (NE) in exhaled 
breath condensate (EBC). As shown in Fig. 1, the 
platform combines a low-cost EBC collection unit, a 
multiplexed multi-electrode chip, and a portable 
impedimetric readout system. Calibration with 
spiked samples demonstrates picomolar detection 
limits, below concentrations expected for healthy 
individuals, while covering elevated levels reported 
for COPD and CF patients. 
The integration of molecularly imprinted polymers 
and aptamer-based receptors allows simultaneous 
detection of multiple biomarkers with minimal 
cross-interference, confirming specific molecular 
recognition. Measurements on human-derived EBC 
show higher concentrations of 3-NT and hexanal in 
COPD patients compared to healthy volunteers. 
Temporal variations are observed, with indications 

that exposure to polluted urban air increases 3-NT 
levels. 

Figure 1: Overview of the biosensor platform, 
including EBC collection, multiplexed multi-
electrode chip, and impedimetric readout system. 

Conclusions 
A multiplexed, impedimetric biosensor for non-
invasive analysis of lung disease biomarkers in EBC 
has been demonstrated. The system enables 
sensitive, selective, and portable detection of 
multiple targets. Clinical observations indicate its 
potential for real-time monitoring of disease 
progression and environmental effects, supporting 
future development toward point-of-care 
diagnostics. 
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Abstract: Parkinson’s disease is commonly treated with levodopa; however, its short half-life and fluctuating 

concentrations in patients often lead to inconsistent symptom control. This work focuses on developing a portable 

electrochemical sensing platform for levodopa detection using screen-printed electrodes functionalised with 

molecularly imprinted polymers. The sensor is designed to enhance selectivity and sensitivity toward levodopa 

while maintaining adaptability across different solution environments and experimental conditions. 

Electrochemical measurements demonstrate a limit of detection of 2.32 µM, with a rapid response time. These 

results highlight the potential of the platform as a flexible sensing system under varying analytical conditions. 

Keywords: Electrochemical biosensor, Molecularly imprinted polymer nanoparticles (nanoMIPs), Parkinson’s 

Disease, Screen Printed Electrodes (SPEs), Medical diagnostics

Introduction 

Parkinson’s disease (PD) affects millions worldwide 

and places a growing burden on healthcare systems 

and associated costs.1 Levodopa remains the 

primary treatment; however, its narrow therapeutic 

window means that deviations in concentration can 

lead to loss of symptom control.2 This motivates the 

need for improved monitoring. Detection in 

complex biofluids is challenging due to interfering 

species, requiring selective recognition elements 

such as molecularly imprinted polymers (MIPs).3 

 

Results and Discussion 

Electroactive nanoMIPs were synthesised using a 

bulk polymerisation method with L-tyrosine as a 

dummy template to mimic levodopa’s structure.4 

Pyrrole served as the functional monomer, forming 

a conductive matrix capable of recognising levodopa 

via shape and interaction-specific cavities. 

The MIPs were drop-casted onto SPEs to create a 

disposable sensing. Cyclic voltammetry (CV) 

measurements in Figure 1 showed an increasing 

current change with rising levodopa concentrations, 

demons.

 

Figure 1: CV responses of MIP-functionalised SPEs 

at varying levodopa concentrations (PBS, pH=7.4) 

To enhance sensitivity and achieve a faster 

electrochemical response, square wave voltammetry 

(SWV) was also employed. Figure 2 presents 

representative SWV curves obtained under different 

buffered solutions, illustrating that the sensing 

platform can be used repeatedly in different buffer 

solutions without loss of performance, 

demonstrating the adaptability of the approach. 

 
Figure 2: SWV calibration curves of the sensor in 

different sample medium  

 

Conclusions 

This study demonstrates a rapid and robust 

electrochemical platform for the detection of 

levodopa using pyrrole-based MIP sensors. The 

system shows potential for integration into portable 

and miniaturised devices. Future work will focus 

on improving sensor sensitivity to enable reliable 

performance in more complex analytical contexts. 
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Abstract: Cochlear implant electrodes are frequently surrounded by connective tissue due to surgical trauma and 

foreign body response, which can reduce electrical stimulation efficiency. This study evaluated electrospun fiber 

mats produced as surface modifications to limit such insulation. Increasing mat thickness led to higher impedance 

values. Surface wetting was accelerated by adding ethanol. Although fibroblast proliferation was reduced on the 

fiber mats compared to the standard culture substrates after seven days, cell growth was only delayed, indicating 

that these coatings may help mitigate tissue formation without completely inhibiting cellular activity. 

Keywords: cochlear implant, electrode surface modification, electrospinning, electrical conductivity, cell-

material response  

Introduction 

Cochlear implants (CIs) are used to treat patients 

with severe to profound sensorineural hearing loss 

by restoring auditory function. However, insertion 

of the implant and the resulting foreign body 

response can lead to the formation of connective 

tissue around the electrode array. This tissue acts as 

an electrical barrier, reducing the effectiveness of 

auditory nerve stimulation. One potential strategy to 

address this issue is to modify the electrode surface 

to minimize tissue adhesion. In this study, model 

electrodes were fabricated and coated with fiber 

mats made from the hydrophobic polymer 

poly(vinylidene fluoride-trifluoroethylene) (PVDF-

TrFE). In vitro investigations regarding the 

influence of the fiber mat on electrical conductivity 

and fibroblast growth on their surfaces were 

evaluated.  

Results and Discussion 

For the electrical characterization platinum-iridium 

model electrodes were manually fabricated to equal 

the surface area of conventional CI electrodes 

(0.38 mm2) [1].  Mean surface area of the model 

electrodes was 0.384 ± 0.003 mm2. Afterwards the 

electrodes were embedded in silicone and coated 

with fiber mats of either three different thicknesses 

or fiber diameters. The impedance value for the 

embedded electrodes without coating was 1119 ± 

142.8 Ω. The additional layer of fibers increased the 

impedance in a thickness dependent matter (between 

3-4 kΩ in increase) with the highest impedance 

measured for the thickest fiber mat. The best results 

for accelerating the wetting process of the fiber mat 

were achieved by adding 30% v/v ethanol to the 

physiological sodium chloride solution used for the 

electrical characterization. The growth of fibroblasts 

was reduced on the electrospun fiber mats compared 

to the surrounding cell culture material (fiber mat 

70.8 ± 10.9 average fluorescence intensity, 82 ± 2.9 

% cell covering after 7 days), (surroundings 79.5 ± 

5.7 average fluorescence intensity, 92.2 ± 0.7 % cell 

covering after 7 days). 

Conclusions 

Model electrodes approximating the surface area 

and impedance values of CI stimulation electrodes 

were successfully fabricated. The coating with a thin 

layer of electrospun PVDF-TrFE seems to have the 

potential to reduce fibroblast growth on stimulating 

contacts of CI electrodes without increasing the 

electrode impedance too much for certain 

thicknesses. For the application on a CI, other 

wetting strategies or the wetting behavior in vivo 

have to be investigated. 
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Abstract: Flexible microelectrode arrays provide mechanically compliant interfaces for long-term 
electrophysiological recordings. In this study, in-house flexible MEA devices were evaluated for long-term 
recordings from human brain slices alongside the development of an automated analysis pipeline incorporating 
artifact removal, spike detection, waveform quality control, firing-rate estimation, ISI characterization, and spike 
sorting. The combined flexible neural interface and automated analysis workflow supports functional 
bioelectronic investigations in disease-relevant neural models. 
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Introduction: 
Comprehending brain dynamics currently requires 
not only conventional methodologies but also 
supplementary knowledge of neural activity with 
high spatial and temporal resolution over prolonged 
durations to achieve comprehensive insights [1]. 
Recent advancements in high-density and flexible 
microelectrode arrays have improved large-scale 
brain recordings [2]. Nonetheless, the increasing 
complexity and volume of electrophysiological data 
pose significant obstacles for reliable neural signal 
interpretation [3]. 
 
Results and Discussion 
Figure 1A & B show the in-house flexible MEA, 
which allows long-term electrophysiological 
recordings from the top-side of human brain slices. 
Between most of the 128 microelectrodes (bright 
dots) are large openings (dark circles) which 
facilitate the diffusion of oxygen and nutrients into 
the brain slice, while waste material is removed. 
An electrophysiological data analysis pipeline was 
implemented to process the recordings. During 
preprocessing, median absolute deviation (MAD)-
based noise estimation was implemented to derive 
appropriate spike detection thresholds [4]: 

𝜎! =
𝑚𝑒𝑑𝑖𝑎𝑛(∣ 𝑥" −𝑚𝑒𝑑𝑖𝑎𝑛(𝑥) ∣)

0.6745  

Where 𝜎! reflects estimated background noise. 
Spikes were thus identified using an adaptive 
threshold: 

𝑉#$% = −𝑘𝜎! 
with 𝑘 = 4.5.	 The pipeline also includes artifact 
masking, filtering, spike identification, waveform 
extraction, firing frequency estimation and inter-
spike interval (ISI) analysis. Figure 1C shows a 
raster plot demonstrating a 24-hour recording 

feasibility. The application of tetrodotoxin (red line) 
terminated the neuronal activity. 

 
Figure 1: Long-term brain slice electrophysiology. 
(A) Flexible MEA; dark circles are openings to aid 
diffusion; bright circles are electrodes; white square 
marks recording area for data shown in C. (B) Setup 
with brain slice; white rectangle marks the area 
shown in A. (C) Raster plot of slice activity over 24 
hours; red line marks application of tetrodotoxin. 

Conclusions 
The flexible MEA platform and analytic pipeline 
allowed successful long-term electrophysiological 
recordings and brain signal characterisation. 
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Abstract: Hydrogel particles are promising fillers for stimuli-responsive silicone composites. By qualifying a 

swellable hydrogel–silicone bimorph, this research establishes a framework for implantable actuators. This study 

systematically investigates the influence of filler loading and curing conditions on swelling kinetics and structural 

integrity. A key focus is the impact of hydrogel purification on cytocompatibility. Using WST-1 assays, the study 

evaluates how removing impurities via washing enhances cell viability. Overall, the research demonstrates how 

processing parameters and purification steps affect the functional performance and biological safety of these 

adaptive composite structures. 

Keywords: silicone–hydrogel hybrids, biocompatibility, stimuli-responsive hydrogels, swelling behavior  

Introduction 

Despite the potential of bimorph hydrogel-silicone 

configurations for soft actuators, the reliability of 

these systems is often limited by inconsistent 

swelling behavior and varying biocompatibility 

results. It remains unclear whether these issues stem 

from intrinsic material properties, processing 

parameters, or leachable components.  

To address these uncertainties, this work 

systematically qualifies hydrogel-silicone bimorphs 

by investigating the influence of curing conditions 

and washing procedures. By comparing hybrid 

systems with silicone reference samples, this study 

disentangles process-related effects to ensure 

reproducible performance and biological safety for 

future medical applications. 

 

Results and Discussion 

The experimental results reveal a clear correlation 

between hydrogel content, swelling kinetics, and 

cytocompatibility. Notably, cell viability improved 

with increasing hydrogel fractions. This can be 

attributed to a synergistic shielding effect: the 

hydrated particles reduce direct contact with the 

silicone matrix and minimize non-specific protein 

adsorption, while simultaneously acting as a 

physical and biochemical barrier against residual 

silicone components [1-3]. 

The washing process of the hydrogel enhanced cell 

viability, confirming that the removal of residual 

impurities and monomers is essential for biological 

safety. 

Regarding the functional properties, the water 

uptake capacity increased with higher hydrogel 

loading, as expected for a percolating network. 

However, a distinct difference was observed 

between the two purification states: unwashed 

hydrogel particles exhibited higher water uptake. 

This increased swelling potential in unwashed 

specimens likely stems from the presence of osmotic 

active residuals that further drive water absorption. 

These findings demonstrate that a balance between 

maximum swelling performance and biological 

safety must be struck through controlled purification 

and processing parameters. 

Conclusions 

This study establishes that purifying hydrogel fillers 

is essential for balancing actuation performance and 

biological safety. While unwashed particles enhance 

swelling through osmotic effects, washed hydrogels 

ensure superior cytocompatibility and stable 

kinetics. By optimizing filler loading and swelling 

behavior, these silicone-based composites provide a 

reliable material platform for the development of 

responsive, implantable medical actuators. 
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Abstract: WE43 magnesium alloy may regulate peri-implant microenvironments through medium-dependent 
degradation and Mg ion release, thereby affecting oral bacteria and host bone-related cells. We assessed pH, Mg 
ion release, bacterial metabolic activity, MG-63 LDH/CellTiter-Blue responses, and F-actin/DAPI morphology 
using WE43/Mg materials, Ti-6Al-4V controls, alloy-conditioned media, and MgCl₂. Mg release was higher in 
biological media, while high Mg exposure reduced bacterial metabolic activity and induced time-dependent 
MG-63 cytotoxicity with cytoskeletal alterations. Ion-conditioned media and MgCl₂ confirmed soluble Mg ions 
as key contributors, supporting future studies on Mg-mediated peri-implant remodeling under bacterial 
challenge. 

Keywords: WE43 magnesium alloy; Mg ion release; MG-63 cells; oral bacteria; cytotoxicity; metabolic activity

 
Introduction 
Biodegradable magnesium alloys release bioactive 
Mg ions but may alter peri-implant microbial and 
host-cell responses. This study investigated the 
effects of WE43 magnesium alloy and Mg-derived 
ions on oral bacteria and MG-63 cells. [1,2]. 

Results and Discussion 
SEM confirmed the surface morphology of 
WE43/Mg materials and the Mg particle size range 
used in this study (Figure 1). Mg degradation was 
strongly medium-dependent, with greater pH 
changes in water and PBS, stronger buffering in 
BHI and α-MEM, and higher Mg ion release in 
biological media. High Mg exposure reduced 
bacterial metabolic activity in S. oralis, commensal, 
and pathogenic multispecies biofilm models. 

In MG-63 cells, direct WE43/Mg exposure induced 
concentration- and time-dependent cytotoxicity, 
reflected by increased LDH release, reduced 
CellTiter-Blue viability, and disrupted F-actin 
organization. Ion-conditioned media and MgCl₂ 
controls reproduced these effects, confirming 
soluble Mg ions as key contributors to the observed 
cellular response. 

Figure 1: SEM images showing WE43 alloy 
surface morphology and Mg particle size. 

Conclusions 
WE43 magnesium alloy showed medium-, 
concentration-, and time-dependent effects on 
bacteria and MG-63 cells. High Mg exposure 
reduced bacterial metabolic activity but 
compromised cell viability and cytoskeletal 
organization. Ion-conditioned media and MgCl₂ 
confirmed soluble Mg ions as key contributors, 
highlighting the importance of balancing 
antibacterial activity with host-cell compatibility. 
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Abstract: This study reports the development of nano-sized, double imprinted molecularly imprinted polymers 

for targeted drug delivery in non-small cell lung cancer (NSCLC). The nanoMIPs were synthesised against a 

resistance-associated receptor epitope and subsequently imprinted with a chemotherapeutic agent. They exhibited 

high binding affinity towards the targeted epitope and cytotoxic effects in the receptor overexpressing cancer cell 

lines. These findings demonstrate the potential of double-imprinted nanoMIPs as a selective platform for 

overcoming drug resistance in NSCLC. 

Keywords: Molecularly imprinted polymers; double imprinting; drug delivery; cancer; receptor-targeting

Introduction 

Non-small cell lung cancer (NSCLC) remains a 

leading cause of cancer-related mortality, primarily 

driven by therapeutic resistance. Targeted drug 

delivery systems offer significant potential to 

enhance treatment specificity and efficacy. 

Molecularly imprinted polymers (MIPs), 

particularly in nano-sized formats, provide high 

selectivity through tailored recognition sites. In this 

study, double-imprinted nanoMIPs were developed 

by incorporating a resistance-associated epitope and 

a therapeutic payload, enabling targeted and 

efficient drug delivery. 

 

Results and Discussion 

This study reports the development of nano-sized, 

double-imprinted molecularly imprinted polymers 

(NMs) for targeted drug delivery in non-small cell 

lung cancer [1]. An epitope of a resistance-linked 

receptor was employed for solid-phase synthesis of 

the NMs, followed by a second imprinting step with 

the chemotherapeutic agent doxorubicin (DOX), 

denoted as D-NMs [2]. Alternatively, NMs were 

synthesised with fluorescein and denoted as F-NMs. 

The NMs were characterised for size and 

morphology using DLS and SEM, revealing 

spherical nanoparticles with hydrodynamic 

diameters of 220 ± 3 nm (PDI = 0.136) and 190 ± 3 

nm (PDI = 0.118). The D-NMs exhibited a drug 

loading capacity of 12.02% and released up to 94.52 

± 0.5% of DOX under tumour microenvironment 

conditions (pH 6.5, 37 °C) over 84 h. SPR analysis 

demonstrated approximately 50-fold higher binding 

affinity of D-NMs toward the targeted epitope (32 ± 

53 nM) compared to a non-specific epitope (1570 ± 

2473 nM). Evaluation in receptor-high and receptor-

low cell lines via MTT assay showed lower cell 

viability in receptor-high cells, correlating with 

higher F-NMs binding observed by flow cytometry. 

These results highlight the potential of double-

imprinted NMs as a precise and effective platform 

for targeted drug delivery in NSCLC. 

Figure 1: (a) DLS showing the hydrodynamic 

diameter of the NMs. (b) SEM image of D-NMs 

displaying spherical morphology. (c) MTT assay of 

D-NMs in receptor-high and low cell lines after 24 

h treatment. (d) Flow cytometry binding analysis of 

F-NMs in receptor-high cells. 

Conclusions 

This study demonstrates the successful development 

of double-imprinted nanoMIPs for targeted drug 

delivery in NSCLC. The nanoparticles exhibited 

selective binding, controlled drug release, and 

enhanced cytotoxicity in receptor-overexpressing 

cells. The double-imprinting strategy effectively 

integrates targeting and therapeutic functions within 

a single platform. These findings highlight the 

potential of nanoMIPs to overcome drug resistance 

and improve treatment specificity. 
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Abstract: FTIR spectroscopy in combination with machine learning is a powerful and well-established tool for 

the classification of bacterial species with high discriminatory power even at strain level. However, in clinical 

applications bacteria are often encountered in mixed biofilms which are difficult to distinguish with classical 

machine learning algorithms. For this purpose, we propose a 1D Convolutional Autoencoder Regressor Network, 

that is capable of predicting the concentration of six oral bacterial species with an MAE of 0.013 in mixed samples. 
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Introduction 

Oral diseases, like periodontitis, are associated with 

multispecies biofilms. The composition of these 

biofilms plays a crucial role in their 

pathogenicity.[1] Fourier transform infra-red 

spectroscopy (FTIR) is a label-free method, that 

probes the chemical composition of a given sample. 

It has proven to be capable of classifying bacterial 

species with high accuracy especially in 

combination with machine learning (ML) in single 

species samples.[2] FTIR spectra of mixed samples, 

however, show subtle differences that linear ML 

algorithms are not able to extract. In contrast, deep 

learning algorithms are capable of extracting and 

learning these highly non-linear features.  

 

Results and Discussion 

The network, developed in this work, contains 

several convolutional layers and an autoencoder for 

feature extraction. The last layer is a regression 

layer, that assigns a concentration value to each 

component in the mixture as the output. The dataset 

used to train and test the network consisted of 10 

samples, each containing six species at varying 

concentrations. Two additional samples, containing 

the same species but at previously unknown 

concentrations was used to stress test the network. 

To evaluate the performance, the mean absolute 

error (MAE) was calculated. The network was able 

to predict the concentrations of the test set with high 

accuracy and a MAE of 0.013. In the next step, the 

ability of the network to generalize the learned 

features was tested by predicting unknown 

concentrations. The prediction results can be seen in 

Figure 1. The MAE of the predictions increased 

slightly to 0.041.  

 

 

Figure 1: Predictions of unknown samples 

containing six different oral bacterial species. 

Coloured bars denote the real concentrations, boxes 

represent the predicted values. 

Conclusions 

The analysis pipeline developed in this work, based 

on FTIR and deep learning allows for highly 

accurate prediction of concentration in multispecies 

samples. It shows high potential to be a label free 

and fast method for the composition analysis of 

mixed bacterial samples in laboratory settings. 
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Abstract: This study investigates the relationship between the electrical output produced by triboelectric  

nanogenerators (TENGs) due to contact electrification and the effective contact area during sliding motion. 

Polymer foils were tested against aluminium in controlled process and environmental conditions. The results show 

a clear trend between increasing transferred charge and an estimated larger contact area. Time-resolved 

measurements suggest that changes in contact conditions (e.g. due to flattening or wear) play a key role in 

electrical output. 

Keywords: contact electrification; sliding mode; surface charge density; effective contact area 

Introduction 

Contact electrification describes the process of two 

materials exchanging charges when brought into 

contact. The number of charges exchanged mainly 

depends on the specific materials used and, 

supposedly, the effective contact area [1]. 

Separating the two materials generates a voltage due 

to the charge accumulation and the resulting electric 

field. Adding electrodes to the materials and 

connecting them with a load impedance generates an 

electric current due to charge induction. In the 

special case of short-circuited electrodes this current 

is proportional to the relative movement of the 

contact partners [2].  

In this work, we investigate the connection between 

the electrical output and the effective contact area at 

constant process and environmental conditions. We 

use Polyimide (PI) and Polytetrafluorethylen 

(PTFE) foils with thicknesses of 75 µm and 80 µm, 

respectively, and a cross-sectional area of  

20 x 30 mm2. The contact partner is always 

aluminium foil with a thickness of 80 µm. All 

experiments were carried out at a sliding rate of 3 Hz 

and a normal preload of 3 N for 1 hour, the ambient 

temperature was 20 °C ± 1°C and the relative 

humidity 45 %RH ± 5 %RH. 

Results and Discussion 

Figure 1a shows the number of charges transferred 

during each sliding cycle over the estimated contact 

area calculated from microscopic images and laser 

scanned height profiles. Although there is a high 

variance both in the electrical output and the 

estimated contact area, a strong trend where higher 

contact areas lead to higher electrical outputs is 

observed. However, regarding Figure 1b we see that 

the behavior over the testing duration of 1 h is very 

different between specimen. Although almost all 

specimen show a characteristic running-in behavior, 

presumably flattening the contact surfaces and 

therefore increasing the real contact area, some show 

a huge decrease that might be caused by severe wear. 

 

Figure 1: (a) Transferred charge per sliding cycle 

after 1 hour over the estimated contact area.  

(b) Comparison of the time-resolved evolution of the 

transferred charges generated by PTFE. 

Conclusions 

The results suggest a high correlation between the 

number of charges transferred and the estimated 

contact area based on wear tracks. Further 

investigations are needed to understand the contact 

mechanisms behind the running-in and falling-off 

behaviours. 
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Abstract This work describes a finite element model for the induction heating of hip endoprostheses for facilitated 

intentional removal during revision surgery. The aim of the procedure is the softening of the thermoplastic bone 

cement around the endoprostheses to lower extraction forces and thus conserve surrounding tissue, while 

facilitating the removal of cemented implants from the medullary cavity. This has the potential to significantly 

reduce recovery times and improve the stability of revision arthroplasties. 
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Introduction 

Revision surgeries account for approximately 10 % 
of all total hip arthroplasty procedures in OECD 
countries [1]. In this procedure a defective hip 
implant is removed from its seat through hammering 
and chiseling, carrying a significant risk of damaging 
the surrounding femur, which leads to increased 
convalescence periods and decreased stability of the 
newly implanted endoprosthesis [2]. A promising 
approach to reduce the necessity of mechanical 
removal techniques is the use of alternating magnetic 
fields to increase the implant temperature and thus 
soften the surrounding bone cement [3], reducing 
extraction forces. To not thermally damage the 
femur, heating must be applied precisely and 
homogenously. For prediction of the temperature 
distribution with regard to inductor geometry, a finite 
element model was created in ANSYS Mechanical. 

Results and Discussion 

A three-dimensional finite element simulation was 

built using ANSYS Mechanical 2025 R2. For this, a 

simplified implant geometry adapted from a Zimmer 

Biomet Mueller straight stem was positioned inside 

a helical inductor. A single-plane symmetry was 

used. The solution step was split into an 

electromagnetic and a thermal task, which were run 

alternately. In this way, the influence of temperature 

increase on the material properties could be 

accounted for. A validation of the model was 

conducted by means of heating experiments of the 

aforementioned implant geometry in a testbed with 

an induction heating generator eldec MFG 30. The 

surface temperature of the implant was measured 

using infrared thermography and compared to the 

computations with regard to absolute maximum 

temperature and temperature distribution. 

The resulting surface temperature distribution is 

depicted exemplarily for a heating time of 16.5 s in 

Figure 1a for the simulation and in Figure 1b as 

determined in the experiment. 

 

Figure 1: Simulated (a) and experimentally 

determined (b) temperature distributions on the 

surface of the hip implant. 

Thus, the in-silico model was successfully validated 

with thermography measurements. 

Conclusions 

The finite element model enables prediction of 

temperature distributions for induction heating of 

hip implants in revision surgeries. This allows for 

the design of implant specific inductors and heating 

regimens to facilitate intentional implant removal 

with minimal thermal and mechanical damage of the 

surrounding tissue. 
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Abstract: A combination of green, scalable strategies were developed for fabricating metal MIP-based receptor 

layers on thermal sensors. Mechanochemistry was employed for the solvent-free synthesis of metal-based 

monomers and MIPs. The resulting MIP particles were then deposited onto aluminium substrates via a 

microcontact method. In parallel, supercritical carbon dioxide (scCO₂)-assisted polymerization was also used to 

produce MIP particles, which were subsequently deposited onto aluminium substrates. Additionally, scCO₂-

assisted polymerization on plasma-activated aluminium substrates was explored for direct MIP grafting. All types 

of sensors were applied for the selective isomeric recognition of L-leucine (LEU). 

Keywords: Mechanochemistry; Supercritical fluids; Plasma activation; Molecular Imprinting; Thermal 

biosensors . 

Introduction 

Plastic antibodies, known as Molecularly Imprinted 

Polymers (MIPs), enable the selective recognition of 

target molecules in biosensors [1]. Conventional 

MIP synthesis often relies on organic solvents, 

extensive post-processing, and complex substrate 

functionalization, which limit scalability and 

sustainability [2]. Mechanochemistry operates under 

solvent-free conditions using low-cost equipment 

and enables rapid polymerization, overcoming 

solubility issues and reducing production costs [3]. 

On the other hand, scCO₂ acts as a tunable, green 

solvent, enabling efficient polymerization and 

template removal, while plasma activation promotes 

direct surface functionalization [4]. These green 

technologies were employed to fabricate metal  

MIP-based receptor layers on thermal sensors. 

Results and Discussion 

Using L-leucine (LEU) as a model analyte and MIPs 

incorporating metal-based monomers, such as 

beryllium complexes, were produced. The MIPs 

particles exhibited high binding affinity (imprinting 

factors of 12 for the scCO₂ approach and 5 for the 

mechanochemical approach). Thermal sensors were 

successfully fabricated, achieving isomeric 

selectivity factors against L-isoleucine of 1.8, 3.8, 

and 1.7 for ball-milled MIP particle-deposited 

substrates, scCO₂ MIP particle-deposited substrates, 

and grafted substrates, respectively, which are 

comparable/superior to reported sensors. 

 

 
Figure 1: The used green technologies for the 

fabrication of MIP-based L-leucine thermal sensors. 

Conclusions 

These strategies showed to be promising for 

sustainable, cost-effective routes for large-scale 

MIP-based biosensing platforms. 
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Abstract: The need to prevent device-associated infections (DAIs) motivates the development of innovative 

surface coatings. We established a long-term stable, protein-repellent hydrogel coating on polydimethylsiloxane 

(PDMS), generated via straightforward nanoprecipitation and catechol crosslinking, that is now translated to 

complex 3D geometries such as cochlear implants. Furthermore, this coating approach is extended to cationic 

polymers, enabling surfaces with inherent contact-active antimicrobial properties. 

Keywords: functional surface coating; PDMS; implant coating; bioactive coatings  

Introduction 

PDMS is widely used in medical devices for its 

flexibility and biocompatibility. However, its 

inherent hydrophobicity and chemical inertness 

promote protein adsorption and subsequent bacterial 

adhesion, thereby contributing to DAIs.[1] To 

address this, we developed a long-term stable 

(≥ 90 days) mussel-inspired copolymer coating 

based on the protein-repellent poly(hydroxyethyl 

acrylamide) (P1, Figure 1B). Additionally, 

incorporated catechol units mediate coating 

formation by nanoprecipitation with simultaneous 

crosslinking and surface immobilization 

(Figure 1A). In defined solvent/non-solvent 

mixtures, polymer colloids form and deposit on 

plasma-activated PDMS, yielding covalently 

anchored hydrogel films upon thermal crosslinking 

(coating thickness: 44±7 nm, water contact angle 

(WCA): 61±16 °).[2] 

Building on this coating strategy, we aim to extend 

the nanoprecipitation platform to 3D geometries 

using cationic polymers that confer additional 

contact-active[3] antimicrobial function. 

Results and Discussion 

The contact-active polymers (Figure 1C), where 

prepared from either poly (dimethylamino-

ethyl methacrylate) (P2) or poly (dimethylamino-

propyl methacrylamide) (P3) by quaternization of 

the amino groups, providing a permanent positive 

charge to the catechol-bearing copolymers.  

Given the polyelectrolyte nature of these systems, 

solvent/non-solvent composition, ratio and ionic 

strength were adjusted to enable an efficient coating 

process. Both cationic polymers formed smooth 

coatings with WCAs of 63±10 ° and tuneable 

thicknesses of 35-135 nm on planar PDMS. 

To adapt the coating procedure to clinically relevant 

3D geometries, we investigate the coating of tubular 

PDMS substrates via controlled rotation. Initial 

experiments, employing a coating duration 

analogous to planar substrates, demonstrated a ~30 ° 

decrease in WCA compared to uncoated controls, 

indicating effective transfer to cylindrical 

geometries. Rotation speed and coating time are now 

systematically investigated to optimize film 

formation. 

 
Figure 1: A) Nanoprecipitation and subsequent 

catechol-mediated thermal crosslinking, provides 

access to covalently anchored B) protein-repellent 

or C) contact-active coatings on PDMS. 

Conclusions 

Transition from protein-repellent to contact-active 

PDMS coatings with 3D-transferability highlights 

the versatility of the nanoprecipitation approach. 

Furthermore, hydroxyl groups present in all 

polymers enable subsequent functionalization for 

advanced applications. 
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Abstract: Hematopoietic stem and progenitor cells (HSPCs) rely on finely tuned adhesion to the extracellular 

matrix (ECM) in the bone marrow niche to maintain quiescence, self-renewal, and differentiation. As part of the 

MatrixEvolution consortium, Matrix Model develops a multiscale computational framework to predict how ECM 

composition, architecture and mechanics regulate HSPC behaviour. We implemented pipelines to use and adapt 

models by other groups: (i) a mechanochemical ODE model of integrin-talin-vinculin adhesion dynamics [1] and 

(ii) a hybrid Cellular-Potts-Bead-Spring model of ECM fibre networks [2]. 

Keywords: hematopoietic stem cells, extracellular matrix, computational modelling, adhesion dynamics 

Introduction 

The bone marrow niche is soft heterogenous, and 

fibre-rich (fibronectin, laminins, collagens). HSPCs 

use specific integrins and rapid, small adhesions, 

rather than large focal adhesions, to maintain in 

contact with their microenvironment. How ECM 

density, stiffness, and fibre alignment jointly govern 

HSPC adhesion strength remains poorly quantified. 

We address this with a dual-model strategy spanning 

molecular adhesion kinetics to cell-matrix 

mechanics.  

Results and Discussion 

The model of adhesion formation by Honasoge et 

al. [1] consists of 17 coupled ODEs capturing 

integrin activation and binding, talin engagement 

and unfolding, and vinculin recruitment. The 

mechanics include force-dependent on/off rates, 

load sharing across molecular clutches, and 

feedback from talin extension. With this model we 

can calculate adhesion lifetimes, traction per 

adhesion, and reinforcement kinetics. We can 

predict sensitivity to perturbations. 

This output will be used to derive adhesion rules that 

will then be put into the hybrid cellular-Potts-Bead-

Spring model by Tsingos et al. [2]. The Cellular 

Potts model models the HSP-cell based on shape, 

area conservation, and adhesion energy. The matrix 

is modelled as a bead-spring fibre network. The cell 

and ECM fibres are coupled through integrin-

mediated links between cell membrane and nearby 

fibres. We will adapt the model, so that adhesions 

are dynamic and can be assembled and disassembled 

during simulation. With the adapted model we can 

predict migration speed, contact area, traction 

patterns, and ECM remodelling. 

 

Conclusions 

By combining two different computational 

frameworks, we will gain mechanistic insights into 

how ECM mechanics and architecture regulate 

HSPC anchorage and motility. We want to produce  

 

 

Figure 1: Visualisation of the hybrid Cellular-Potts-

Bead-Spring model. HSPCs interact with the 

surrounding ECM fibres. Depending on the ECM 

stiffness and architecture, HSPCs remodel the ECM 

Cell motility is influenced by matrix stiffness. 

 

predictive maps that can guide microenvironment 

engineering for HSPC maintenance and expansion 

in vitro. 
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Abstract: This project presents a novel spin-coating approach for the fabrication of laterally adjacent hydrogel 
thin films using a custom-designed spin coater attachment. The system enables the sequential deposition of two 
distinct hydrogel formulations on a single substrate, resulting in vertically defined interfaces with tuneable 
physicochemical properties. Current efforts focus on optimizing hydrogel composition and spin-coating 
parameters to achieve reproducible and well-defined film thicknesses. Subsequently, the platform will be applied 
to 2D cell culture studies to investigate cell adhesion and migration behaviour on bioactive hydrogel interfaces 
under controlled conditions. 

Key words: bioink, spin-coater, surface, coating, attachment, cell culture 

Introduction 
In this project, a method for coating two laterally 
adjacent hydrogel thin films was developed. The 
process is enabled through the design of a novel 
attachment for a spin coater (Fig. 1). The surfaces are 
coated with a hydrogel-based system that has been 
developed as a prospective bioink for the 3D 
bioprinting of organoids. In particular, the material 
and cell-biological properties are critical 
determinants of cellular behaviour in culture 
systems[1]. The primary objective is to prevent 
migration between different cell types located in two 
adjacent layers.  
 
Results and Discussion 
For the application of hydrogels in the spin-coating 
process, key physicochemical parameters are critical 
to ensure the reproducible fabrication of films with 
defined thicknesses. The film thickness of a non-
Newtonian fluid can be approximated using the 
fundamental spin-coating equation[2]: 
 

ℎ = #
𝐾
𝜌𝜔𝑡(

!
"!#$

 

The resulting film thickness is predominantly 
determined by both material-specific and process-
related parameters. 
Figure 1 illustrates the technical drawing of the spin 
coater attachment, which is designed for coating 
standard-sized glass slides and is fabricated from 
polypropylene (PP). During the coating process, one 
half of the glass slide is covered by a rigid aluminum 
plate with minimal mass and fixed in place using PP 
screws. Once the hydrogel has gelled, the aluminum 
plate is removed and repositioned to cover the 
already coated region.  

A second spin coating step is then performed, in 
which the previously uncoated half of the substrate 
is functionalized with a different hydrogel. This 
process enables the formation of a lateral separated 
interface between two distinct hydrogels with 
tuneable and differential properties 

 
Figure 1: Spin coater attachment for the coating process 
of laterally adjacent polymer-based thin films 

Conclusion 
Initial experiments using the developed spin coater 
attachment have already been successfully 
conducted. The system demonstrated stable and 
reliable operation without disruptive effects during 
rotation. The initially produced layers already 
exhibited the desired formation of vertically defined 
hydrogel interfaces. Nevertheless, both the process 
parameters and the hydrogel composition require 
further optimization in order to reliably achieve 
well-defined and reproducible film thicknesses. 
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Abstract: Biomaterial-associated infections remain a major clinical challenge. Here, a primary cell-based peri-
implant 3D model, incorporating patient-derived macrophages and human gingival fibroblasts, was developed to 
investigate biohybrid implants and host-biofilm interactions. Co-cultivation of the 3D with patient-derived biofilm 
demonstrated reduced bacterial burden, improved tissue attachment to titanium, and preserved tissue integrity, 
highlighting its potential for studying host–implant–biofilm interactions and evaluating next-generation biohybrid 
implant surfaces. 

Keywords: dental implants; peri-implantitis; oral mucosa model; primary monocytes; macrophages; oral biofilms 

Introduction 
Biomaterial-associated infections remain a major 
clinical challenge, as conventional antibiotic 
treatments often exhibit limited effectiveness 
against biofilm-associated pathogens. To address 
this problem, biohybrid titanium implants with anti-
biofilm, immunomodulatory, and osteoregulatory 
properties were previously developed and evaluated 
in 3D INTERbACT model [1]. Here, a patient-
derived primary macrophage-based 3D model was 
developed to better replicate physiological host 
responses for testing biohyrid implants and 
assessing interpatient variability related to age and 
gender.  
 
Results and Discussion 
Primary monocytes were isolated from the blood of 
patients using PBMC density-gradient separation 
and CD14+ magnetic sorting. Following 
differentiation into macrophages, cells were 
incorporated with autologous gingival fibroblasts 
into a collagen-based matrix to establish a patient-
derived oral peri-implant tissue model. Titanium 
cylinders were implanted into the tissues prior to 24h 
exposure to a host-derived multispecies oral biofilm. 

Preliminary results (Figure 1) showed significantly 
reduced OD600 values in macrophage-containing 
cocultures compared with macrophage-free 
controls, indicating reduced bacterial burden. 
Histological analysis further demonstrated 
improved mucosal attachment to titanium in 
macrophage-enriched tissues. Together, these 
findings suggest that primary macrophages 
remained functional within the host–implant–
biofilm model and contributed to preservation of 
tissue integrity under biofilm challenge. 

 
Figure 1: a. Histology of mucosa models after 24 h 
biofilm exposure showing fibroblast and 
macrophage distribution (CD68-HRP stained) 
within the tissue matrix (pink/violet). b. OD600 values 
of tissue–biofilm coculture media. 

Conclusions 
The patient-derived macrophage-based oral peri-
implant model provides a clinically relevant 
platform for studying host–implant–biofilm 
interactions. Incorporation of primary macrophages 
reduced bacterial burden, improved tissue 
attachment to titanium, and preserved tissue 
integrity under biofilm challenge, supporting its use 
for evaluating next-generation biohybrid implant 
surfaces. 
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Abstract:  

The presented work employs combinatorial approaches to investigate how Yb alloying influences properties in 

Al-, Mg-, and Ti-binary alloys. Microstructure, crystallography and morphology of thin film libraries with 

compositional gradients and corresponding bulk alloys were investigated. Scanning droplet cell microscopy was 

performed for the measurements of corrosion properties and the characterisation of the oxide layer. The high 

throughput analysis showed a generally beneficial influence on the corrosion resistance on thin film libraries and 

a segregation of the oxide layers through anodisation.  

Keywords: Ytterbium, combinatorial studies, microelectrochemistry, binary alloys 

Introduction 

Rare earth elements (REE) attracted special interest 

in recent years in different research areas and 

industrial applications. While light REE like Nd or 

Sm are already established in the industry for 

different applications like magnets or electric 

motors, the utilization of heavy REE remains still 

quite narrow [1]. This thesis focuses on alloying of 

the heavy REE Yb and how it can be employed to 

enhance certain properties of different metals and 

alloys. Due to the selected combinatorial approaches 

in this work, different material properties were 

studied in alloys containing a variety of Yb 

concentrations.  

 

Results and Discussion 

Alloy composition, crystallography, morphology, 

microstructure and elemental distribution were 

studied by employing different methods such as 

energy dispersive X-ray (EDX), spectroscopy, X-

ray diffraction (XRD), scanning electron 

microscopy (SEM), transmission electron 

microscopy (TEM) or X-ray photoelectron 

spectroscopy (XPS). Also, inductively coupled 

plasma optical emission spectroscopy (ICP-OES) 

was used for the analysis of corrosion products 

during electrochemical testing in various 

electrolytes. 

However, the main focus was set on electrochemical 

testing of co-deposited thin film libraries with a 

compositional gradient in binary alloy systems. 

Additionally, bulk alloys were studied to compare 

the similarity of the properties to combinatorial thin 

films. Scanning droplet cell microscopy (SDCM) 

was used for the analysis of the libraries to generate 

a high compositional resolution of different tested 

alloys and ensure a high throughput investigation of 

the systems. 

The behaviour of Yb was investigated in alloys 

containing either Al, Mg or Ti. With this 

microelectrochemical approach, the oxide formation 

through anodization and the corrosion behaviour 

were studied in these systems. Through stepwise 

potentiodynamic polarization the film-formation 

factor k and the dielectric constant εr were 

investigated in an Al-Yb thin film library [2]. For 

Mg the influence of Yb on the corrosion behaviour 

before and after anodization was compared and the 

reproduction on bulk was investigated. Ti-Yb thin 

films were investigated in regards of k and εr, as well 

as on the change of the corrosion rate cr and the 

corrosion potential Ecorr during the anodization 

process. Anodic memristors were subsequently 

produced from this system due to the findings of the 

oxide layer segregation in this system.  

 

Conclusions 

It was found that alloying these elements with Yb 

has generally a beneficial influence on the corrosion 

behaviour and leads to segregations in the oxide 

during anodization. These findings can be further 

used for defect engineering and provides the 

opportunity to use these alloys for novel application 

such as anodic memristors. 
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Abstract: This work presents a fully additive manufacturing approach for flexible neural implants using multi-
material direct ink writing. Besides fabrication and functional integration, diffusion-driven degradation processes 
at polymer–metal interfaces were investigated to better understand long-term failure mechanisms. Combining 
additive fabrication with interface analysis enables iterative design improvements towards more reliable bio-
integrated implant systems. 
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Introduction 
Additive manufacturing offers a promising route 
towards flexible, application-specific neural 
implants with integrated functionality. Compared to 
conventional fabrication methods, direct ink writing 
enables the deposition of multiple materials within a 
single process, allowing the realization of soft, 
multilayer electrode architectures. A fully additive 
manufacturing workflow based on multi-material 
direct ink writing was developed to fabricate flexible 
neural implants using PDMS as structural material 
and conductive paste for electrical traces. The 
process enables layer-by-layer deposition of 
functional structures and direct integration onto 
flexible printed circuit boards, eliminating the need 
for post-fabrication contacting. In parallel, 
simplified model systems were employed to 
investigate diffusion-driven degradation 
mechanisms at polymer–metal interfaces, with 
particular focus on the interaction between 
encapsulation layers and conductive elements. 
These degradation processes are considered a 
critical factor for long-term implant reliability and 
therefore need to be addressed already during device 
design and manufacturing. 

Results and Discussion 
Functional 20-channel neural implants for rat 
models were successfully fabricated and integrated 
into experimental setups, demonstrating reliable 
electrical performance and mechanical flexibility 
while maintaining a comparatively high electrode 
density. The additive workflow enables high design 
freedom and scalable production of application-
specific devices. At the same time, diffusion studies 
revealed that fluid ingress at polymer–metal 
interfaces can initiate delamination processes, 
leading to accelerated degradation and potential 
failure. These findings highlight the importance of 
minimizing interfacial pathways and structural 
inhomogeneities during fabrication. Consequently, 
design and process adaptations were derived to 
improve structural integrity and reduce 
susceptibility to diffusion-driven damage. 

 

Figure 1: Design concept of a fully additive neural 
implant workflow, linking fabrication, functional 
performance, diffusion-driven degradation, and 
iterative redesign within a continuous engineering 
feedback loop. 

Conclusions 

This work demonstrates the feasibility of fully 
additive neural implant fabrication while 
emphasizing the necessity of integrating material-
level understanding into the design process. Future 
developments will focus on advanced material 
systems, such as hydrogel-based encapsulation 
strategies, to further improve biocompatibility and 
long-term stability. The combination of fabrication 
and failure analysis represents a key step towards 
robust, next-generation bio-integrated implant 
systems. 
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Abstract: ZnO is a semiconductor material for which numerous synthesis protocols have been developed, 

including non-aqueous methods using benzyl alcohol. Here, ZnO nanostructures were synthesized in a continuous 

millifluidic system, enabling reduced reaction times. Process parameters affect both the particle size and 

aggregation behavior. Flow experiments reveal nucleation on precursor-derived structures followed by nanorod 

growth, aggregation, and breakup, providing new insight into the formation mechanism of ZnO nanostructures. 
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Introduction 

Due to the importance of ZnO as a semiconductor 

material that is used in many applications from gas 

sensing to biomedicine, a lot of synthesis protocols 

have been developed, including non-aqueous 

synthesis methods in benzyl alcohol [1,2]. However, 

the transfer of such non-aqueous approaches to 

continuous systems is still limited, despite their 

advantages of better reaction control and shorter 

reaction times due to enhanced heat transfer.  

Results and Discussion 

In this work, the non-aqueous synthesis of ZnO 

nanostructures via the benzyl alcohol route was 

successfully implemented in a continuous 

millifluidic system, enabling significantly reduced 

reaction times. Variations in process parameters 

have an influence on the primary particle size and 

aggregation behavior. The system features efficient 

heat transfer, increased reaction kinetics, and 

straightforward variation of the residence time from 

30 s to 5 min through adjustment of the flow rate. 

This provides an insight into the temporal evolution 

of ZnO nanostructures formed from zinc 

acetylacetonate hydrate in benzyl alcohol and offers 

the possibility to elucidate the growth mechanism in 

detail.  

Continuous flow experiments indicate that ZnO 

nucleates on precursor-derived structures, which 

subsequently evolve into aggregated nanorod 

structures. With increasing residence time, the 

growing nanorods can reach high aspect ratios and 

form characteristic star-shaped aggregates (Figure 

1), followed by breakup into individual nanorods. 

Higher temperatures and increased precursor 

concentrations accelerate this process. Compared to 

batch experiments, similar evolution occurs only at 

higher concentrations or longer reaction times, 

highlighting the accelerated reaction in the 

millifluidic system. 

 

Figure 1: SEM (I) and STEM (II) images of ZnO 

nanostructures synthesized at 180°C for different 

residence times (I) and at different precursor 

concentrations after 2 min (II). 

Conclusions 

Overall, these results highlight the potential of 

simple millifluidic reactor synthesis, due to its 

ability to easily vary reaction parameters and 

facilitate the observation of nanostructure evolution 

under different process conditions.  
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Abstract: Cochlear implants use platinum-based electrodes, which are prone to electrochemical corrosion; this 

impairs speech perception and poses cytotoxic risks due to the release of platinum. In the present study, electro-

chemical analysis of platinum is coupled with microstructural investigation. The aim is to link impurities, grain 

orientation, and mechanical deformation to corrosion. Preliminary data indicate that grain-boundary density is a 

key parameter. In addition, thiol-functionalised gold electrodes were developed as in-situ sensors, detecting plat-

inum degradation via impedance changes. Ongoing work is examining the stability of gold layers and alternative 

coatings, such as protein-scavenging coatings, to deliver safer, more reliable implants. 

Keywords: electrochemistry; material degradation; sensory electrode; platinum 

Introduction 

Cochlear implants are a widely used solution for pa-

tients with profound hearing loss [1]. However, they 

face durability issues due to corrosion reactions af-

fecting platinum electrodes. This corrosion dimin-

ishes the implants' effectiveness by impairing 

speech comprehension and overall functionality, and 

also introduces safety concerns due to the cytotoxic 

effects of dissolved platinum [2, 3]. 

Results and Discussion 

In order to investigate the cause of corrosion, vari-

ous influencing factors, such as mechanical defor-

mation, surface roughness, and grain boundary den-

sity, must be considered. The data obtained demon-

strates that higher surface roughness and grain 

boundary density, as well as defects, worsen the cor-

rosion behavior of the electrodes. 

Additionally, long-term studies were conducted on 

cochlear implants, and the results were compared 

with those from explants. These clearly showed that, 

after just four weeks, the corrosion effects in the ex-

plants were similar to those in the implant. 

To monitor corrosion and intervene early by adjust-

ing the stimulation parameters a functional coating 

was developed. For this sensory electrode, which is 

intended to replace one of the existing electrodes, cf. 

Figure 1, various coatings were bound to the gold 

surface via a thiol linker. Electrochemical imped-

ance spectroscopy demonstrated that this coating 

can capture platinum from the solution.  

 

Figure 1: Schematic diagram illustrating how a sen-

sory gold electrode works in a cochlear implant. 

Conclusions 

The successful development of a coating that can be 

detected by impedance spectroscopy opens up the 

possibility of functionalizing it in different ways. 

For instance, it could be used to target proteins that 

are usually linked to inflammation. At the same 

time, the principle of this coating could be applied to 

other implant systems in the future. 
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Abstract: Titanium surfaces were biofunctionalized to confer anti-adhesive properties using streptavidin. The 
resulting nanometer-scale supramolecular architecture was characterized by contact angle measurements and 
surface plasmon resonance. Reduced bacterial adhesion was further confirmed using the dental commensal 
bacterium Streptococcus oralis. 
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Introduction 
Implant-associated infections arise from the 
formation of bacterial biofilms on the implant body, 
particularly in the area of the abutment. Therefore, 
there is a need for new biofunctionalizations of 
dental implants that inhibit biofilm formation. The 
patented biofunctionalization based on streptavidin 
(Sav) developed by the Molecular Biophysics Group 
at the Westphalian University of Applied Sciences 
exhibits anti-adhesive and antibacterial effects that 
are well suited for this purpose (Fig. 1A) [1].  

Results and Discussion 
The successful biofunctionalization of the titanium 
surface was verified by changes in the contact angle 
(Fig. 1B images). The contact angle changed 
significantly after each functionalization step. 
Surface plasmon resonance kinetic measurements 
showed that SAv physisorbs directly onto the 
substrate (Fig. 1B box plots). However, after a 
rinsing step, the majority of the SAv desorbs again. 
Compared to the biofunctionalized surface with 
biotinylated silane, the direct physisorption of SAv 
results in a significantly lower degree of surface 
coverage. The results confirm previous work, 
including that by Ettelt et al. [2]. Only the 
molecularly intact, specific bond on the surface 
between SAv and biotin provides a stable 
functionalization that reduces bacterial adhesion. 
Furthermore, microscopic images of the commensal 
bacterium S. oralis on a biofunctionalized titanium 
sample, showed a visually reduced bacterial 
adhesion compared to a titanium reference sample 
(Fig. C). 
 

 

Figure 1: A: Biofunctionalization scheme B: 
Contact angle changes during biofunctionalization 
and corresponding kinetic measurements. C: 
Microscopic images of S. oralis (live cells green, 
dead cells red; created in BioRender.com). 

Conclusions 

Biophysical analysis confirmed successful 
biofunctionalization, while microscopic images 
revealed reduced bacterial adhesion. 

References 
[1] Ettelt V, Ekat K, Kämmerer PW, Kreikemeyer B, 
Epple M, Veith M. Streptavidin-coated surfaces suppress 
bacterial colonization by inhibiting nonspecific protein 
adsorption. J Biomed Mater Res A 2018; 106(3): 758–68 
[https://doi.org/10.1002/jbm.a.36276] [PMID: 29055106] 
[2] Boukari C. Biophysical characterization of 
biofunctionalized dental implant surfaces. Master’s thesis. 
Westphalian University of Applied Sciences 
[Recklinghausen]; [2024]. 
Acknowledgements 
I acknowledge the Hans Böckler Foundation for my PhD 
scholarship, and Deutsche Forschungsgemeinschaft 
(DFG, German Research Foundation) under the 
Collaborative Research Center SFB/TRR-298-SIIRI – 
Project ID 426335750 for supporting my doctoral 
research. 

82 



Advancing a multi-sensor array platform for real-time drinking 

water quality surveillance 

D. Özsoylu 1, E. Börmann-El Kholy 1, S. Achtsnicht 1, M. J. Schöning 1,2 

oezsoylu@fh-aachen.de 

1Institute of Nano- and Biotechnologies (INB), FH Aachen, Campus Jülich, Heinrich-Mußmann-Str. 1, 

52428 Jülich, Germany 

2Institute of Biological Information Processing (IBI-3), Forschungszentrum Jülich GmbH, Wilhelm-Johnen-Str., 

52425 Jülich, Germany 

Abstract: Reliable access to safe drinking water is fundamental for public health. To identify water quality 

variations and potentially hazardous contamination events at an early stage, a remotely accessible online system 

for continuous multi-parameter monitoring is required. The work presented here addresses this need through the 

development of such a system. 
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Introduction 

Securing drinking water quality increasingly 

requires monitoring approaches that move beyond 

periodic laboratory analysis toward continuous and 

decentralized surveillance. Conventional control 

strategies rely largely on offline sampling, which 

may delay the recognition of sudden changes or 

contamination events. Sensor-based early warning 

concepts therefore gain growing relevance for 

resilient water infrastructure. Despite established 

protection measures and regulatory supervision, 

deviations from prescribed quality thresholds are 

still reported in routine assessments [1-3]. This 

underlines the need for analytical platforms capable 

of tracking multiple water quality indicators (such 

as pH, dissolved ions, toxins and heavy metals) 

simultaneously and in real-time. Within this 

context, the presented work focuses on the 

development of a multi-parameter sensing platform 

that combines complementary electrochemical and 

physico-/chemical detection principles in a single 

monitoring system. The objective is to enable 

continuous assessment of water status and support 

rapid identification of abnormalities through 

integrated online measurements. 

Results and Discussion 

An initial demonstrator featuring a flow-through 

configuration for simultaneous detection of 

multiple ions (such as copper, nitrate, sodium and 

chloride) within the same liquid sample will be 

introduced (Figure 1). The demonstrator consists of 

two serially connected measurement cells: one 

integrating sensors for temperature, pH, and 

conductivity, while the second accommodates the 

ion-selective electrodes. In addition, the 

performance of the developed system has been 

evaluated under continuous flow conditions 

through long-term testing to assess its stability and 

functionality for online monitoring applications.  

 
Figure 1: Multi-electrode measurement setup for 

continuous drinking water quality assessment. 1, 

measurement cell equipped with ISEs; 2, 

measurement cell including physico-/chemical 

sensors such as for pH, conductivity and 

temperature; 3, drinking water under examination. 

References 
[1] https://www.umweltbundesamt.de/en/themen/wasse

r/gewassertyp-des-jahres/water-body-type-of-the-

year-2022-groundwater#importance-of-

groundwater, last accessed 28.04.2025 

[2] Drinking Water Ordinance of 20 June 2023 (Federal 

Law Gazette 2023 I No. 159)  

[3] Bericht des Bundesministeriums für Gesundheit und 

des Umweltbundesamtes an die Verbraucherinnen 

und Verbraucher über die Qualität von Wasser für 

den menschlichen Gebrauch (Trinkwasser) in 

Deutschland (2020-2022) 

 
Acknowledgments 
The authors thank the Central Innovation Program 

(project number:16KN0996445) for small and medium-

sized enterprises (SMEs) funded by the German Federal 

Ministry for Economic Affairs and Climate Action 

(BMWK) and also the project partners, INCOstartec 

GmbH, LANTECH Informationstechnik GmbH, 

Fraunhofer IGB, and Stadtwerke Klingenberg. 

83 

mailto:oezsoylu@fh-aachen.de


Evaluation of Host Responses to Biofilms with Distinct Pathogenic 

Potential Using a 3D Macrophage-Containing INTERbACT Model 

Shuli Chen1,2, Muhammad Imran Rahim1,2, Andreas Winkel1,2, Katharina Nikutta1,2, Meike Stiesch1,2 

stiesch.meike@mh-hannover.de  

1Department of Prosthetic Dentistry and Biomedical Materials Science, Hannover Medical School, Hannover, 

Germany 

2Lower Saxony Centre for Biomedical Engineering, Implant Research and Development (NIFE), Hannover, 

Germany 

Abstract: Peri-implant diseases involve dysbiotic interactions between biofilms and host immune responses. 

Three-dimensional (3D) implant–tissue–oral bacterial biofilm in vitro models incorporating macrophages provide 

a clinically relevant representation of the peri-implant microenvironment and can be used to investigate host 

responses to biofilms with distinct bacterial compositions, including commensal and pathogenic biofilms. The role 

of macrophages in modulating immune activity was confirmed according to changes in both biofilm and tissue 

reaction within the 3D setting. Therefore, this model provides a unique platform to study immune regulation in 

peri-implant environments in the context of basic and translational research. 

Keywords: 3D model, peri-implant, biofilm, macrophages, host–biofilm interaction  

Introduction 

The peri-implant environment is continuously 

exposed to microbial biofilms, which under healthy 

conditions usually exist in balance with surrounding 

host tissues. However, shifts in biofilm composition 

toward more pathogenic or dysbiotic states may 

trigger inflammatory responses and contribute to the 

development of peri-implant diseases. Macrophages 

are key immune cells in peri-implant tissues, where 

they regulate inflammation and contribute to host 

responses following bacterial challenge. Using a 

previously established macrophage-containing 3D 

peri-implant model (INTERbACT [1]), complex 

interactions between host tissues, microbial Biofilms 

and implant materials can be investigated under 

controlled conditions. Within this system, 

macrophages play an important role in shaping tissue 

responses to biofilms with different pathogenic 

potential. 

 

Results and Discussion 

THP-1-derived macrophages were incorporated into 

a 3D peri-implant model consisting of a matrix 

containing gingival fibroblasts, and a titanium 

implant overlaid with a multilayered epithelium. The 

model was successfully co-cultured with two oral 

multispecies biofilms representing health and 

pathologic conditions [2][3] for at least 48 hours. 

Histological analysis indicated that the presence of 

macrophages contributed in general to the 

maintenance of tissue integrity. Biofilm staining 

demonstrated reduced biofilm viability and 

alterations in biofilm structure in the presence of 

macrophages, confirming macrophage-mediated 

antimicrobial effects that were dependent on the 

bacterial community applied. These observations 

further highlight the potential to simulate the adapted 

host response with distinct consequences usually 

observed for peri-implant inflammation processes in 

the patient in the 3D model as well. In addition, gene 

expression analysis revealed changes in in 

macrophage-associated markers during co-culture, 

suggesting possible polarization of macrophages, 

supporting the evidence of macrophage plasticity 

under the experimental conditions. 

 

Conclusions 

The macrophage-containing INTERbACT model 

was established as a 3D platform to study immune–

biofilm–implant interactions in details. The findings 

indicate that host responses vary depending on 

biofilm composition, highlighting the influence of 

biofilm composition on both microbial behavior and 

tissue responses. Within this system, macrophages 

contribute to immune modulation, while the model 

provides a valuable tool to investigate how biofilms 

with different pathogenic potential shape host 

responses in peri-implant environments. 
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Abstract: Additively manufactured dental implants were developed to improve patient-specific prosthetic care. 

Polyelectrolyte multilayer coatings allow for the targeted adaptation of the surface properties of implant systems 

to optimize cytocompatibility and antibacterial efficacy. In vitro studies of tissue cell adhesion on the one hand, 

and bacterial adhesion and biofilm formation on the other, identified suitable coating strategies for the application 

to customized implant materials. Finally, the results will be transferred to the organotypic 3D model INTERbACT 

(Implant-tissue-oral bacterial biofilm model) to gain insights into the changes in the peri-implant host-biofilm 

interaction caused by these surface modifications. 

Keywords: additively manufactured titanium, polyelectrolyte multilayer coating, cytocompatibility, bacterial 

adhesion  

 

Introduction 

Innovations in dental implantology, such as the use 

of new materials, alloys or additive manufacturing in 

order to enable new applications and improved care, 

must always keep an optimal interaction with the 

immediate environment in mind. In many cases, this 

necessitates various surface modifications through 

sandblasting and etching, as well as coatings applied 

after implant body fabrication, to minimize negative 

effects on peri-implant tissue adhesion and bacterial 

colonization. In this study, we investigated the in 

vitro influence of different coatings on the adhesion 

of tissue cells and oral bacteria. 

 

Results and Discussion 

Discs of Ti6Al4V were additively manufactured, 

sandblasted and acid etched to simulate surfaces 

expected in customized implant strategies. The 

samples were then coated with different polymers 

(PSS, PAA, PAH, HA, chitosan) in various 

combinations to generate specific surface properties.  

Initially, primary human osteoblasts (NHOst) as well 

as individual bacterial species and multispecies 

communities [1] were applied and the adhesion and 

activities on the surfaces were examined 

microscopically and molecularly. Only some 

coatings showed advantageous properties with 

regard to improved cell adhesion combined with 

antibacterial effect [2]. To further confirm this and 

to better consider the clinically relevant, complex 

interaction of tissue, implant and biofilm at the same 

time, the most promising coating will also be 

incorporated into the 3D model INTERbACT and 

examined in more detail [3,4]. 

 

Conclusions 

With polyelectrolyte multilayer coatings a physical 

and chemical uniformity of titanium alloy can be 

designed to achieve improved cytocompatibility as 

well as modified bacterial adhesion while preserving 

specific morphology and micro‑roughness of the 

underlying implant material. 
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Abstract: Candida albicans (C. albicans) adhesion to polymer-based surfaces is a key factor in denture-related 
stomatitis. This study investigated adhesion to polyvinyl chloride (PVC) and polytetrafluoroethylene (PTFE) 
using single-cell force spectroscopy (SCFS) and qRT-PCR. In addition, prosthetic materials—polymethyl 
methacrylate (PMMA), polyether ether ketone (PEEK), and 3D-printed dimethacrylate-based resin (DMA)—
were subjected to artificial aging and analysed using scanning electron microscopy (SEM). Results showed that 
adhesion is influenced by saliva and surface properties like roughness and hydrophobicity, affecting adhesion 
strength and cell distribution. The findings highlight the importance of physicochemical surface characteristics in 
developing anti-adhesive denture materials. 
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Introduction 
Denture-related Candida stomatitis is an 
inflammatory condition of the oral mucosa beneath 
removable dental prostheses, primarily caused by 
the fungal pathogen C. albicans [1]. A key factor in 
the development of these infections is the initial 
adhesion of C. albicans to polymer-based surfaces, 
followed by the formation of biofilms [2]. However, 
the mechanisms underlying fungal adhesion to 
different polymer-based materials are not yet fully 
understood. The aim of this study is therefore to 
investigate these interactions at multiple levels. 
 
Results and Discussion 
Adhesion forces of C. albicans on PVC and PTFE 
surfaces were quantified using SCFS [3], and gene 
expression was analysed via qRT-PCR. 
Additionally, the number of cells on prosthetic 
materials was assessed using SEM, considering 
surface hydrophobicity and roughness with and 
without artificial saliva pre-treatment. The results 
showed that PTFE exhibited higher adhesion than 
PVC when coated with saliva, independently of 
roughness, whereas PVC adhesion was strongly 
dependent on roughness. Gene expression analysis 
revealed increased ALS1 expression and low HWP1 
levels. SEM analyses demonstrated material-
dependent effects: without saliva, ageing and 
smoother surfaces reduced cell numbers on PMMA 
and DMA, but increased them on PEEK. Cell 
aggregation generally increased on aged samples 
and was further enhanced by saliva, particularly on 
3D-printed materials. [Figure 1] 

 
 
 
 
 
 
 
 
 

 

Figure 1: a) Representative force–distance curves 
for PVC and PTFE at different roughness. b) SEM 
images of thermally aged PMMA (no saliva, top) 
and DMA45° (with saliva, bottom), both at 0.04 µm. 

Conclusions  
Smooth surfaces, as well as high surface polarity and 
surface energy, can reduce C. albicans adhesion. 
Saliva has a significant influence on the process and 
must be taken into account. 
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Abstract: Sensitive and selective ribonucleic acid (RNA) detection is important for future diagnostic applications. 
This work proposes a proof-of-concept sensor based on electrochemically synthesized molecularly imprinted 
polymers (MIPs) on screen-printed electrodes (SPE). The RNA template is incorporated during polymerization to 
create selective recognition sites in a thin, controllable film. The concept is designed for low sample volumes and 
aims at fast, reproducible, and potentially biocompatible sensor fabrication. Future work will focus on optimizing 
imprinting conditions, evaluating selectivity, and testing transferability to different RNA targets. 

 

Keywords: RNA, in-vivo sensor, molecularly imprinted polymer

Introduction 
The sensitive and selective detection of ribonucleic 
acid (RNA) is becoming increasingly important in 
biomedical research, diagnostics, and therapeutic 
monitoring, as RNA molecules provide dynamic 
information about gene expression, cellular 
regulation, and disease-related processes. In contrast 
to more stable biomolecules, RNA levels can change 
rapidly in response to physiological or pathological 
conditions, making them highly valuable biomarkers 
for early detection and real-time analysis. However, 
RNA analysis remains challenging because of its 
low abundance, structural complexity, susceptibility 
to degradation, and the presence of closely related 
sequences in complex biological environments. 
Molecularly imprinted polymers (MIPs) have 
emerged as a promising synthetic recognition 
strategy for addressing these challenges. By forming 
template-specific binding sites, MIPs can provide 
selective recognition while offering advantages such 
as chemical stability, low cost, and the potential for 
integration into robust sensing platforms. These 
properties make MIPs particularly attractive for the 
development of RNA sensors intended for 
biomedical and potentially in vivo applications. [1,2] 

 
Method 
A proof-of-concept approach is proposed for the 
electrochemical detection of RNA using Poly(3,4-
ethylenedioxythiophene) polystyrene sulfonate 
(PEDOT:PSS) based MIPs on screen-printed 
electrodes (SPE) (Fig. 1). The concept relies on the 
electrochemical polymerization of EDOT in the 
presence of the RNA target to create a thin, 
controllable recognition layer with selective binding 
sites. A key advantage of the approach is the use of 
a very small sample volume, enabling both the 
imprinting process and subsequent detection in a 
compact, low-volume format. 

Before experimental validation, the interaction 
between EDOT, the RNA template, and the resulting 
polymer matrix are currently evaluated conceptually 

to identify suitable synthesis conditions and assess 
the feasibility of template incorporation and 
removal. The electrochemical polymerization 
strategy bears a high potential to provide a fast and 
reproducible route to in situ film formation with 
precise control over thickness and growth. In the 
next step, the sensor platform will be adapted to 
evaluate selectivity, sensitivity, and transferability 
to different RNA targets, with the long-term goal of 
developing a biocompatible and potentially wireless 
or point-of-care compatible sensing system. 

 
Figure 1: a) Schematic of the RNA detection using 
a MIP on a SPE b) Randles equivalent circuit used 
to model the sensor response c) Theoretical 
Impedance curve of an RNA detecting MIP 

References 
[1] Islam et al. Small Methods (2017). 

https://doi.org/10.1002/smtd.201700131 

[2] Nguyen et al. ACS Omega (2024). 
https://doi.org/10.1021/acsomega.4c02906 

 

Acknowledgements 
This work has been funded by the Graduate School 
RNApp (zukunft.niedersachsen) 

  

 

a) b) 

c) 

87 



 

 

Plasma-Engineered Coatings for the Reduction of Biomaterial 

Adhesion 

Johanna Reus1,2, Denise Püllmann1, Jan Henrik Finke1,2,3, Kristina Lachmann1,2  

Johanna.reus@ist.fraunhofer.de 

1Fraunhofer Institute for Surface Engineering and Thin Films, Riedenkamp 2, 38108 Braunschweig, Germany, 
2Center of Pharmaceutical Engineering, TU Braunschweig, Franz-Liszt-Str. 35a, 38106 Braunschweig, 

Germany 
3Institute for Particle Technology, TU Braunschweig, Volkmaroder Str. 5, 38104 Braunschweig, Germany 

Abstract: Interactions between biological materials and surfaces can compromise the performance and 

biocompatibility of medical devices. This project develops plasma-assisted coatings and analytical methods to 

quantify and reduce surface residues. Initial results show that tailored surfaces properties can effectively reduce 

biomolecular adhesion. 
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Introduction 

Interactions between biological materials and 

surfaces can significantly affect the performance, 

stability and biocompatibility of medical devices. 

Undesired adhesion of biomolecular structures can 

trigger fouling processes, immune response or loss 

of functionality. These results aim to develop an 

anti-adhesive surface coating with the focus on 

plasma-deposited thin films to minimize biomaterial 

adhesion. Initially, the influence of these coatings on 

the adhesion behaviour of model substances will be 

systematically investigated. In addition, suitable 

analytical methods will be established to detect and 

quantify residues on surfaces. These insights will 

contribute to the design of advanced anti-fouling 

coatings for biomedical applications. 

Results and Discussion 

Initial experiments were carried out on model 

polymeric surfaces (Polypropylene, PP) and glass 

slides. Different plasma-assisted thin films were 

applied to these surfaces to detect changes in the 

adhesive properties of such materials. The results 

show that plasma-based coatings can be a useful tool 

to neutralize surfaces which could be shown by 

measuring the isoelectric point of various materials 

before and after coating processes. When looking at 

the surface free energy (SFE) on surfaces, depending 

on the coating agents the SFE could either be 

increased or decreased after the coating process. 

Both the surface charge and the SFE are well known 

in literature to hugely impact the adhesion behaviour 

of biological materials [1].  

Initial fluorescence-based detection of PolyA-LNP 

adhesion demonstrated residual signals on 

borosilicate glass and polymer substrates after 

storing PolyA-LNPs on the surface and binding 

lipophilic fluorescence marker onto the surface. 

After coating these materials using PEG-Silane a 

reduction of unspecific adsorption processes could 

be detected (see figure 1). These findings underline 

the influence of surface chemistry on biomolecule 

and LNP interactions, guiding future material 

design. The resulting insights will steer the future 

design of optimized surfaces. 

Figure 1: Preliminary adsorption tests of PolyA-

LNPs on PEG-coated glass and Polypropylene 

(PP) surfaces. 

Conclusions 

Preliminary studies on surface properties relevant to 

biomedical applications show that plasma-assisted 

coatings can modulate surface charge, surface free 

energy and thereby reduce biomolecular adhesion. 

These results support the development of anti-

adhesive coatings for medical devises, particularly 

to improve their long-term performance. 
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Abstract: In this study, we developed a biosensor for the early detection of Leprosy before symptoms appear 

using a self-assembled monolayer (SAM) on a screen-printed gold electrode (SPGE) that contained a peptide 

specifically designed to detect leprosy’s IgG and IgM. Once we have ascertained that the immunocomplex 

responds to the electrochemical test We will incorporate FCVJ within a polymer matrix of Polydimethylsiloxane 

(PDMS) and lauric acid (LA) to introduce an optical redout.  
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Introduction 

In this study, we developed a biosensor for the early 

detection of Leprosy before symptoms appear, 

aiming to prevent severe disabilities. Leprosy is a 

neglected tropical disease (NTD) caused by the acid-

fast bacilli (AFB) of the Mycobacterium leprae 

complex [1], affecting the skin, peripheral nerves, 

mucosa of the upper respiratory tract, and eyes [2]. 

According to the World Health Organization 

(WHO), approximately 200,000 cases of leprosy are 

reported annually in more than 120 countries [3]. 

However, leprosy is curable, and various studies [4] 

show a connection between the severity of 

disabilities and delays in diagnosis, which occur in 

60-70% of patients. 

 

Results and Discussion 

We used a self-assembled monolayer (SAM) on a 

screen-printed gold electrode (SPGE) containing a 

peptide designed to detect leprosy IgG and IgM. One 

end of the peptide was modified with methylene blue 

(MB) as a redox probe, while the other end had a 

thiol group (-SH) for binding to the gold surface. We 

added 6-mercapto-1-hexanol (C6-OH) as a backfill 

agent to reduce non-specific adsorption and 

maintain the peptide's orientation. Figure 1 

illustrates the MB current variations in response to 

different sample matrices, including buffer 

solutions, healthy human plasma, and plasma from 

asymptomatic "contacts" of leprosy patients, who 

show specific antibodies via ELISA. Upon 

confirming the immunocomplex's response to the 

electrochemical test, the functionalized electrode 

will be embedded in a thermo-optical flowcell. We 

will incorporate FCVJ within a 

Polydimethylsiloxane (PDMS) and lauric acid (LA) 

matrix to enhance heat transfer changes resulting 

from antibody–peptide binding at the electrode 

surface. 

 

Conclusions 

The MR’s fluorescent sensitivity to temperature and 

viscosity alterations will be used to detect antibody-

associated changes in serum samples of the flow 

cell.  
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Abstract: Selective Laser-Induced Etching (SLE) is an innovative two-stage process for the precise 
microstructuring of glass. In the first stage, ultrashort laser pulses locally modify the chemical etchability of the 
material. In the second stage, wet chemical etching selectively removes the modified regions, yielding complex 
three-dimensional microstructures. With selectivities exceeding 500:1 in quartz glass, SLE enables the fabrication 
of fine, high-aspect-ratio microchannels with minimal conicity. This platform opens new possibilities for 
microfluidic applications, lab-on-chip systems, and advanced microstructured components in life sciences and 
chemical analysis. 
Keywords: microfluidic; laser; glass etching 

 
Introduction 
The demand for precise, scalable, and cost-effective 
microstructuring techniques in glass is growing 
steadily, driven by applications in microfluidics, lab-
on-chip technologies, and bioanalytical systems. 
Conventional methods for glass structuring, such as 
photolithography combined with wet etching or 
mechanical drilling, face significant limitations 
regarding three-dimensional complexity, achievable 
channel aspect ratios, and surface quality. Selective 
Laser-Induced Etching (SLE) has emerged as a 
powerful alternative, overcoming many of these 
constraints by combining ultrashort pulse laser 
processing with subsequent chemical etching. This 
contribution presents a novel platform based on SLE 
for the fabrication of complex microfluidic 
structures in glass, offering high selectivity, 
geometric freedom, and scalability for industrial and 
scientific applications. 

Results and Discussion 
The Selective Laser-Induced Etching process is a 
two-stage process: 
First, transparent material is exposed to laser 
radiation in such a way that the chemical etchability 
is increased at these points. To ensure that this is 
achieved without cracking, a short pulse duration 
(fs-ps) and a small focus volume (a few µm3) are 
required. The focus is then moved through the 
material until a contiguous volume in contact with 
the outer surface of the workpiece is exposed. 
In the second process step, the material modified by 
the laser radiation is selectively removed by wet 
chemical etching, the structure is essentially 
developed. Selectivity the etching rate of the 
modified material in relation to the etching rate of 
the unmodified material is essential for structural 
accuracy. 
Quartz glass typically has a selectivity greater than 
500:1, enabling the creation of fine, long channels 

with low conicity. SLE technology can therefore be 
used to create complex 3D cavities in glass, which 
form the basis for various products, such as 
microfluidics and microstructured components. 
 

 
Figure 1: Small channels (width 5 µm, length 2000 
µm) and chambers, fully structured in glass. 

Conclusions 
SLE constitutes a highly capable and versatile 
platform for the fabrication of complex microfluidic 
architectures in glass. Achieving high precision and 
large aspect ratios in microfluidic channels 
nevertheless requires careful CAD (computer-aided 
design) and CAM (computer-aided manufacturing) 
preprocessing, alongside the development of 
optimized processing protocols to ensure 
reproducible, high-quality fabrication outcomes. 
These methodologies and process workflows are 
currently under active development and provide 
promising opportunities for future collaborative 
research activities. 
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Abstract: Peri-implant diseases are driven by dysbiotic biofilms and remain a major limitation for long-term 
implant success. This project investigates how host-derived sex hormones modulate microbial metabolism, 
interspecies interactions, and virulence within implant-associated biofilms. Using synthetic biofilm communities, 
metatranscriptomics, advanced imaging, and functional assays, hormone-responsive pathways linked to pathogen 
persistence and biofilm resilience will be systematically characterized. The study aims to establish a mechanistic 
framework connecting endocrine signaling with peri-implant dysbiosis and infection susceptibility, providing a 
foundation for precision prevention strategies and next-generation infection-responsive implant interfaces. 

Keywords: peri-implant infections; biofilms; microbial endocrinology; oral microbiome; metatranscriptomics 

Introduction 
Biofilm-associated peri-implant diseases are among 
the leading causes of implant failure and are strongly 
influenced by complex host–microbe interactions. 
Recent studies indicate that microbial metabolism 
and interspecies cross-feeding contribute to the 
persistence of pathogenic oral biofilms. At the same 
time, endocrine factors such as estradiol and 
progesterone are increasingly recognized as 
modulators of microbial physiology and virulence. 
However, the mechanistic relationship between host 
hormonal status and implant-associated dysbiosis 
remains poorly understood. This project addresses 
this gap by investigating hormone-responsive 
microbial pathways and their role in peri-implant 
biofilm development, with relevance for 
personalized and infection-reactive implant systems 
[1,2]. 
 
Results and Discussion 
The project combines in vitro synthetic biofilm 
models, metatranscriptomic analyses, microscopy, 
and functional assays to characterize hormone-
driven changes in microbial community dynamics. 
Particular focus is placed on the modulation of 
redox-associated metabolic pathways and 
interspecies interactions that support the expansion 
of opportunistic pathogens. Preliminary 
observations suggest that physiologically relevant 
hormone concentrations may enhance biofilm 
resilience and virulence-associated traits in peri-
implant communities. The planned investigations 
will establish a mechanistic framework linking 
endocrine signaling with microbial dysbiosis and 
implant-associated infection susceptibility. These 
findings are expected to support the development of 
targeted preventive and therapeutic strategies for 
functional implant interfaces.  

 
Conclusions 
This work explores the interplay between host 
endocrine signaling and implant-associated 
microbial ecology. By integrating microbiology, 
transcriptomics, and biofilm modeling, the project 
aims to advance the understanding of hormone-
mediated dysbiosis in peri-implant disease. The 
findings may contribute to future precision 
approaches for infection prevention and implant 
longevity in susceptible patient populations. 
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Abstract: This study presents zinc oxide nanorod (ZnO NR)-based photoelectrochemical sensing for ultralow 

microfluidic flow detection and local flow velocity mapping. Under UV illumination and applied bias, the ZnO 

NR sensor showed reproducible flow-dependent photocurrent responses, with distinguishable signals down to 

0.006 mL/min. This sensitivity is attributed to piezo-photoelectrochemical coupling, where flow-induced 

deformation modulates interfacial charge transfer and photocurrent generation. By integrating ZnO NRs with 

photoelectrochemical imaging (PEI), local flow velocity distributions were mapped in microchannels, showing 

stronger photocurrent near the channel centre, consistent with laminar flow behaviour. This platform offers a 

promising route for real-time flow monitoring and future studies of cell adhesion under well-defined shear stress 

conditions. 

Keywords: ZnO nanorods; ultralow flow sensing; flow mapping; photoelectrochemical imaging

Introduction 
Accurate local flow measurement is important in 

microfluidics, where bulk flow rate cannot fully 

represent spatial variations in velocity and shear 

stress. PEI enables label-free, spatially resolved 

mapping of photocurrent responses at 

semiconductor/electrolyte interfaces. ZnO NRs have 

been used as light-addressable sensor substrates for 

bioanalytical applications, including pH sensing and 

real-time monitoring of enzymatic polymer 

degradation¹. Their photoelectrochemical, charge 

transport, and piezoelectric properties make them 

promising for flow-responsive sensing². Here, we 

exploit this piezo-phototronic effect for flow sensing. 

Results and Discussion 
ZnO NR sensor responses were measured at 

different flow rates using an Autolab potentiostat 

under UV illumination and applied bias. As shown 

in Figure 1, reproducible photocurrent changes were 

observed when flow was switched on and off, with 

distinguishable signals obtained at ultralow flow 

rates down to 0.006 mL/min. This confirms the high 

sensitivity of ZnO NRs to weak fluid motion. 

 

Figure 1: Photocurrent measurements with ZnO NRs 

grown on FTO coated glass at different flow rates in a 

microfluidic channel. 

The response is attributed to piezo-

photoelectrochemical coupling, where flow-induced 

deformation modulates interfacial charge transfer 

and photocurrent generation. Based on this 

sensitivity, ZnO NRs were combined with PEI to 

map local flow velocity distributions. Figure 2 

shows stronger photocurrent near the channel centre 

and weaker signals near the edges, consistent with 

laminar flow. 

 

Figure 2: PEI mapping of local flow velocity in a 

microchannel at 0.05 mL/min flow rate, showing 

increased photocurrent towards the channel centre, 

consistent with laminar flow. 

Conclusions 
ZnO NRs were demonstrated as sensitive 

photoelectrochemical flow sensors, detecting 

ultralow flow rates down to 0.006 mL/min. 

Combined with PEI, they enabled spatial mapping 

of local flow velocity in microchannels. This 

platform offers a route for real-time microfluidic 

flow monitoring and future studies of shear stress-

regulated cell adhesion. 
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Abstract: Aseptic implant loosening is the most common cause of implant failure. Aseptic loosening involves the 
appearance of wear particles, which induce cellular and molecular reactions. Since the clinical symptoms of aseptic 
implant loosening occur in the later stages of this process, the molecular processes involved in the onset of this condition 
are not well understood. Although models of the interface between implants and stiff tissue have been developed, only 
2D models resembling the interface between implants and soft tissue exist. This project aims to develop a 3D model of 
the bone marrow/implant interface to study the molecular and cellular responses to wear particles. 
Keywords: Aseptic implant loosening; in-vitro model; bone marrow; wear particles

Introduction 
Approximately 22% of joint revision surgeries are 
due to aseptic implant loosening. While it has been 
demonstrated that wear debris disturbs the 
microenvironment of hard tissue, this project aims to 
investigate its effects on bone marrow at the implant 
site. This imbalance can disrupt the local 
microenvironment, impair implant function and 
worsen bone-related diseases. To study the changed 
microenvironment at the interface between bone 
marrow and the implant, this project aims to build an 
in vitro model of this microenvironment. The model 
will use a hydrogel based on cationized BSA (cBSA) 
as a scaffold, which will be seeded with different 
bone marrow cell types to study their interaction and 
responses in this environment. 
 
Results and Discussion 
To mimic the porous architecture of trabecular bone 
and the protein-rich nature of bone marrow, a 
protein-based, macroporous hydrogel scaffold was 
developed. Through the process of cationization, 
BSA was converted to cell-adhesive cBSA. Co-
cultures of bone marrow stem cells responsible for 
regenerative processes, namely hematopoietic stem 
and progenitor cells (HSPCs) and mesenchymal 
stem/stromal cells (MSCs) were successfully 
established in these scaffolds [1]. To enable studies 
on bone remodelling, cocultures of bone-building 
osteoblasts and bone-resorbing osteoclasts were set 
up. These co-culture systems will be extended 
toward 3D triple co-cultures including macrophages, 
which play an important role in the immune 
response to wear particles. Macrophages will be 
obtained by differentiation from peripheral blood 
mononuclear cells (PBMCs). 

 
Figure 1: Top: SEM images of a cBSA scaffold 
seeded with hematopoietic cells (left) and MSCs 
(right). The cells are located inside of the pores of 
the scaffold and adhere to the scaffold material. 
Lower left: Isolation, differentiation and 
polarization of monocyte-derived macrophages 
Lower right: Triple co-culture inside cBSA scaffold 
with added wear particles.  

Outlook 
Once established, the bone marrow-mimetic 3D 
cocultures systems will be used to study the 
molecular and cellular responses to wear particles in 
this environment. 
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Abstract: A fully integrated additive manufacturing workflow for the direct deposition of soft neural implants 

onto flexible printed circuit boards (FlexPCBs) is presented. Using a multi-material direct ink writing process 

with polydimethylsiloxane and conductive epoxy paste, conductive traces are deposited directly onto FlexPCB 

footprint pads during fabrication, eliminating post-fabrication contacting steps. A custom alignment stage, an in-

situ alignment procedure, and a two-part printing strategy were developed to achieve sub-millimetre registration 

and reliable electrical integration. 

Keywords: neural implants; direct ink writing; PDMS; 3D printing; printed electrodes 

Introduction 

Soft neural implants based on PDMS offer 

mechanical compliance well-suited to neural tissue, 

reducing chronic foreign body responses compared 

to other materials [1]. Direct ink writing (DIW) 

enables multi-material deposition in a single 

workflow without custom tooling. Previous work 

demonstrated multi-layer EEG electrode arrays for 

rodent models using a bioplotter-based DIW 

process, with electrical connection achieved via 

anisotropic conductive film (ACF) tape bonding [2]. 

This approach suffers from delamination 

susceptibility and operator-dependent sub-

millimetre alignment, resulting in low fabrication 

yield. The present work aims to eliminate post-

fabrication contacting through direct printing 

functional implant layers directly onto the FlexPCB 

contact pads. 

 

Results and Discussion 

A custom alignment stage was designed and 

fabricated to position the FlexPCB (0.15 mm 

thickness, polyimide substrate) flush with the 

adjacent glass substrate on the bioplotter print bed. 

A PCB alignment and calibration procedure was 

developed exploiting the partial transparency of the 

polyimide board for visual registration, achieving 

consistent sub-millimetre alignment between 

printed trace endpoints and footprint pads. The 

implant design was reconstructed in an inverted 

orientation so that conductive traces are deposited 

first, directly onto the FlexPCB contact pads. A two-

part printing strategy was implemented to address 

surface non-uniformity and bridging line constraints 

inherent to the full multilayer design. Both implant 

parts were fabricated successfully and combined by 

folding to yield a complete integrated device, as 

shown in Figure 1(c). In-situ PDMS curing on the 

heated platform (80°C, 13 min) eliminated 

positional errors arising from holder remounting, 

confining all precision-critical deposition steps to a 

single uninterrupted session. 

 

 

Figure 1: Optical microscopy images of conductive 

traces of the first and second implant parts deposited 

directly onto the FlexPCB footprint pads (a & b). (c) 

Completed implant after folding both parts into a 

single integrated structure. 

Conclusions 

Direct additive fabrication of soft neural implants 

onto FlexPCBs has been demonstrated, eliminating 

post-fabrication contacting and improving 

alignment reproducibility over ACF tape bonding. 

Future work will focus on the integration of a 

sacrificial release layer for atraumatic implant 

detachment and a redesign of the FlexPCB to serve 

as the primary print substrate.  
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Abstract: A hybrid microfluidic platform combining a quartz glass chip fabricated by selective laser-induced 

etching (SLE) with an in situ written poly(ethylenglykol)diacrylate (PEGDA) hydrogel membrane using two-

photon polymerization (2PP) is presented. A cylindrical quartz glass through-channel served as the confined 

volume for membrane integration. The circular membrane was designed with 30 μm target pores. Because the 

2 mm membrane exceeds the sub-millimeter region of consistent writing fidelity, stitching is required to preserve 

pore uniformity. Initial experiments show that membrane morphology and pore formation depend strongly on 

laser power, slicing-line spacing, and writing speed. 
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Introduction 

Hybrid microfluidic systems combining rigid 

substrates with soft functional materials are of 

growing interest for filtration and bioanalytical 

applications [1]. Quartz glass offers high optical 

transparency, chemical resistance, and can be 

fabricated with high geometric precision, while 

PEGDA hydrogels provide tuneable properties and 

can be micropatterned using 2PP. Inspired by recent 

work on stacked microporous glass membranes in 

3D glass microfluidics [2], the present study 

transfers the glass membrane concept to an in situ 

written hydrogel structure, addressing the challenge 

of combining high resolution 2PP with 

comparatively large millimeter structures. 

 

Results and Discussion 

A 2 mm through-channel was fabricated in 2.4 mm 

thick quartz glass using a LightFab 3D printer 

(femtosecond laser with 1030 nm wavelength, 

765 kHz, 0.5 ps, 200 mm/s), followed by etching in 

8 mol/L KOH at 82 °C for 24 h. For membrane 

integration, PEGDA 700 with 1% IC2959 was 

introduced into the channel and polymerized in situ 

line-by-line using 2PP over a millimeter-scale area 

at a wavelength of 515 nm, 10 MHz, 0.289 ps, and 1 

or 5 mm/s. Unpolymerized material was removed by 

ethanol development and DI water rinsing. The 

circular membrane was designed with a nominal 

pore diameter of 30 µm. Higher pulse energy (e.g. 

3 nJ) produced thicker, more brittle membranes with 

non-through pores (Figure 1, Left), whereas lower 

pulse energy (e.g. 1 nJ) yielded finer, shape-stable 

structures with open 30 µm pores (Figure 1, Right). 

The main limitation occurred in the stitching 

regions, where reduced membrane thickness created 

mechanical weak points. At a slicing-line spacing of 

5 µm, individual lines remained visible and partially 

detached at lower exposure. This was prevented by 

reducing the spacing to 1 µm and increasing the 

writing speed from 1 to 5 mm/s. The results indicate 

that membrane fidelity strongly depends on pulse 

energy, slicing-line spacing and writing speed. 

 

 

 

 

 

 

 

Conclusions 

In situ integration of a patterned PEGDA membrane 

into a microfluidic chip was demonstrated. 

Structural fidelity improved at lower pulse energy, 

smaller slicing-line spacing, and higher writing 

speed, while stitching regions remained the main 

limitation. The results show that a membrane with 

micrometer-scale resolution can be integrated into a 

millimeter-scale fluidic structure, exceeding the 

capabilities of standard additive manufacturing. 
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Figure 1: (Left) Membrane written at 3 nJ, 5 µm slicing-line 

spacing, 1 mm/s writing speed, and 0.5 x 0,5 mm2 writing field. 
(Right) Membrane written at 1 nJ, 1 µm slicing-line spacing, 
5 mm/s writing speed, and 0.7 x 0.7 mm2 writing field. 
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Abstract: Biofilm-associated infections on dental implants remain a major challenge in modern dentistry with 
implant surface properties having a direct impact on bacterial colonization. This study investigated the influence 
of titanium surface roughness on the adhesion and biofilm formation of Streptococus oralis and Actinomyces 
naeslundii. By correlating physical surface characteristics with microbiological results, a distinct influence of 
surface polarity as well as nanoscale but not microscale surface roughness could be identified.   

Keywords: titanium, oral biofilms, bacterial adhesion, dental implants, surface roughness  

Introduction 
Periimplant infections are caused by oral bacteria 
colonization of the dental implant surface. They 
form three-dimensional structures, called biofilms, 
that protect the cells from the host immunity and 
antibacterial substances. Titanium is widely used for 
dental implants due to its biocompatibility and 
mechanical stability. It is commonly assumed that 
smoother implant surfaces reduce bacterial adhesion 
and therefore lower the risk of infection [1]. 
However, several studies describe no clear 
correlation between roughness and biofilm 
formation or even increased bacterial attachment on 
nano-smooth surfaces [2]. For this purpose, this 
study aimed to systematically analyse the influence 
of titanium surface roughness on the adhesion and 
biofilm formation of two oral bacteria species. 

Results and Discussion 
In this study, titanium discs with three different 
surface roughness spanning two powers of ten were 
investigated. Micro- and nano-scale roughness were 
assessed by confocal laser-scanning microscopy 
(CLSM, Fig. 1). Additionally, surface wettability 
was characterized by contact angle measurements 
using water and diiodomethane. The results show 
distinct differences in the surface’ free energy polar 
fraction but not disperse fraction. Adhesion and 
biofilm formation of the commensal oral bacteria 
Streptococcus oralis and Actinomyces naeslundii 
were analysed by live/dead fluorescence staining 
and CLSM (Fig. 1). Interestingly, bacterial 
colonization was increased on smooth but not nano-
smooth surfaces for both species, while bacterial 
viability showed species-specific patterns.  

 

Conclusions 
Correlation analysis revealed that especially surface 
polarity and nanoscale, but not microscale surface 
roughness significantly influenced bacterial 
adhesion and biofilm formation on titanium 
surfaces.  

Figure 1: CLSM images of surface topography (top 
row, 190x95 cm2) and biofilm formation of indicated 
strains. Live cells appear green, dead cells appear 
yellow/red. Scale bar 20 µm. 
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