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The Orthopaedic Microsystems Group in Vienna — Advancing musculoskeletal disease modelling with
microfluidics and a one health vision

Mario Rothbauer’#*%, Eva Ingeborg Reihs!?, Johannes Heidenberger!, Jonathan Strauss'~, Florien Jenner?,
Hans P. Kiener*, Stefan Toegel'”, Peter Ertl?, Reinhard Windhager!

Karl Chiari Lab for Orthopaedic Biology, Department of Orthopedics and Trauma Surgery, Medical University
of Vienna, Wihringer Giirtel 18-20, 1090 Vienna, Austria, 2 Faculty of Technical Chemistry, Vienna University
of Technology, Getreidemarkt 9, 1060 Vienna, Austria, *Veterinary Tissue Engineering and Regenerative
Medicine Vienna (VETERM), Equine Surgery Unit, University of Veterinary Medicine Vienna, 1210 Vienna,
Austria, *Division of Rheumatology, Department of Medicine 111, Medical University Vienna, 1090 Vienna,
Austria, > Ludwig Boltzmann Institute of Arthritis and Rehabilitation, Vienna 1090, Austria, ¢ Austrian Cluster
for Tissue Regeneration, Vienna, Austria

Historical Context: The Orthopaedic Microsystems Group, founded in 2019 addresses the translational gap
between conventional in vitro systems and clinical orthopaedics. Built on Mario Rothbauer’s background in
bioanalytical chemistry, organ-on-chip engineering, and musculoskeletal biology, the group pioneers 3Rs-
compliant (Replacement, Reduction, Refinement) approaches using human-derived tissues and
microphysiological systems (MPS) for osteoarthritis (OA), fibrosis, and rheumatoid arthritis (RA).

Research Group Description: We create human-relevant musculoskeletal tissue platforms that model the
structural, mechanical, and inflammatory complexity underlying human tissues. Using microfluidic engineering,
patient-derived primary cells, and 3D hydrogels, they develop dynamic systems mimicking tissue interactions
under controlled mechanical loading such as synovium, bone, cartilage and adipose tissue. Collaborations with
TU Wien, Vetmeduni Vienna, and international partners (e.g., Imperial College London, HSS Research
Institute, Czech Academy of Science) enable a cross-disciplinary focus on mechanobiology, immunology, and
systems biology.

Key Results and Significance: Key achievements include the development of integrated joint-on-a-chip models
combining cartilage and synovium,to study tissue crosstalk in OA (1) and RA (2), bone homeostasis (3); the
incorporation of biosensors for real-time monitoring of glucose and lactate metabolism (4); and animal-free
synovial-on-chip systems that replicate RA- (5) and OA-like inflammatory, and fibrotic responses of synovium
(6) and exercised ligament models (7). These dynamic, humanized platforms enable mechanistic studies and
drug testing beyond the capabilities of static cultures or animal models. Supporting the 3Rs and aligned with EU
efforts to phase out animal testing, these MPS technologies advance reproducible, regulation-ready preclinical
science. Their impact is reflected in over 20 peer-reviewed publications and several patents, establishing the
group as a leader in next-generation orthopaedic model development.

Future Outlook: We envission our next-generation organ-on-a-chip platforms with integrated biosensing to
soon enable Al-based analytics and digital twinning for more autonomous, high-content and throughput
modeling of joint disease across species in line with a One Health strategy.
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35 years of Brain-Computer Interface Research at Graz University of Technology

Gernot R. Miiller—Putz1

1Institute of Neural Engineering, Graz University of Technology, Graz, Austria,

Historical Context: The Institute looks back to a long history of electroencephalography (EEG) research,
established in the 1970 by Prof. Gert Pfurtscheller. Later, in 1991 he started the first brain-computer interface
(BCI) project with colleagues from Germany and the United States. From there, the Graz BCI Lab had a pioneering
role for the whole field [1,2].

Research Group Description:

Since the Graz BCI Lab participated in several European funded projects between 2007 and 2014, Gernot Miiller-
Putz was appointed as a full professor at the institute, leading the methodological developments in the BCI Lab.
Furthermore, a Cognitive Neuroscience group around Selina C. Wriessnegger expands the institute's activities.
Additionally, in 2021 we started a group on Computational and Experimental Neurosciences around Kerstin Lenk.

Miiller-Putz’s group usually consists of 8-10 PhD students and currently one PostDoc.
Key Results and Significance:

Miiller-Putz mainly works on establishing BCIs for the restoration of movement in people with cervical spinal
cord injury. In this context he coordinated a Horizon 2020 project “MoreGrasp (2015-2018)” [3,4] and received
an ERC Consolidator Grant “Feel Your Reach (2016-2021)” [5,6]. These activities will now be continued with a
new AUVA-funded project “NeuroGrasp (2025-2028)”. Besides, he currently works on the restoration of
communication in ALS patients within an EIC Pathfinder project “INTRECOM?”. There an implanted BCI will
use electrocorticographic signals to establish control and communication. The implantation of the device is
planned in Graz in 2026. Besides, the group works on NeuroInformation Systems research [7] and other neural
engineering applications [8—11].

Future Outlook:

The Graz BCI group exists now for 35 years and has contributed a variety of methods and findings to the
community. By starting to investigate, implement and apply implanted BCIs, we open the door for future
activities. We are facing a future by following both, rapid EEG-based learnings and patient oriented (where
necessary) implanted brain-computer interfaces.
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Computational modelling of neuron-astrocyte interaction
K. Lenk!?
YInstitute of Neural Engineering, Graz University of Technology, Graz, Austria, 2BioTechMed, Graz, Austria

Historical Context: The research group of Dr. Kerstin Lenk is affiliated with the Institute of Neural
Engineering at Graz University of Technology, which has a long-standing tradition of focusing on brain-
computer communication and the dynamics of brain oscillations. Dr. Lenk joined the institute in March 2021 as
an Assistant Professor. In June 2025, she received the venia docendi in Computational Neuroscience with the
habilitation topic “Modeling neuron-astrocyte interaction”. In November 2024, PhD student Ghanendra Singh
joined the team working in the FWF Weave-funded project “Leaky blood-brain barrier in major depressive
disorder”.

Research Group Description: For a long time, it was assumed that only neurons contribute to cognition in
mammals. Recently, scientists have demonstrated that astrocytes, a type of glial cell, not only provide a
supportive function and contribute to brain nutrition but also directly influence neuronal activity. Dr. Lenk’s
team tackles two research topic lines: 1) Computational gliosciences provide a theoretical basis for studying
glial cells, such as astrocytes, using computational models. 2) To investigate neuronal and astrocytic activity and
obtain parameters for their computational models, they perform in vitro experiments including multielectrode
array measurements and calcium imaging.

Key Results and Significance: Using computational models (reviewed in (1)), she and her colleagues
demonstrated that astrocytes play a homeostatic role in regulating neuronal firing rates (2). Moreover, they
explored how combined neuronal and astrocytic impairments—such as altered cell density, glutamate uptake,
and synaptic signalling—contribute to disrupted network dynamics associated with schizophrenia (3). Recently,
the group showed that morphological heterogeneity among mouse hippocampal CA1 astrocytes shapes their
intracellular calcium signalling responses, with distinct cell geometries leading to significant differences in local
calcium dynamics following neuronal stimulation (4).

Future Outlook: Dr. Lenk’s long-term vision is to create a digital twin of brain tissue, including neurons and
glial cells. One of the primary foci is on sex and species differences of glial cells.

Key references:

1. Lenk, K. et al. Computational models of astrocyte function at glutamatergic synapses. in New Technologies
for Glutamate Interaction 229-263 (Springer Nature, 2024).

2. Lenk, K. et al. A Computational Model of Interactions Between Neuronal and Astrocytic Networks: The Role
of Astrocytes in the Stability of the Neuronal Firing Rate. Front. Comput. Neurosci. 13, 92 (2020).

3. Fritschi, L., Lindmar, J. H., Scheidl, F. & Lenk, K. Neuronal and Astrocytic Regulations in Schizophrenia: A
Computational Modelling Study. Front. Cell. Neurosci. 15, 718459 (2021).
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Medical Signal Analysis: Al-based algorithms from research to the market

B. Hametner!, H. Perko?!, T. Kluge?, on behalf of the Team of Medical Signal Analysis

!Medical Signal Analysis, Center for Health & Bioresources, AIT Austrian Institute of Technology, Vienna,
Austria

Historical Context: The analysis of biosignals has a long-standing tradition at the AIT Austrian Institute of
Technology, particularly within the Center for Health & Bioresources. In 2022, the expertise was integrated in the
new Competence Unit Medical Signal Analysis. Core competences of the group are algorithm development,
clinical validation and regulatory compliance, aiming to bridge research and application.

Research Group Description: The group consists of approximately 20 employees, including scientists and
research engineers with diverse academic backgrounds such as biomedical engineering, mathematics, physics,
and informatics. AIT has established itself as a leading player in the field of algorithm development, with strong
expertise in both neurological and cardiovascular signal processing. This multidisciplinary team is able cover the
whole development process from original research questions over algorithm development to certified medical
products.

Key Results and Significance: The group has achieved significant results in the analysis of neurological
disorders, particularly through EEG-based epilepsy diagnostics and ICU monitoring, as well as in cardiovascular
applications such as arterial pulse wave analysis and cuffless blood pressure measurement. These efforts have led
to numerous peer-reviewed publications, patents, and successful collaborations with clinical and industrial
partners worldwide. Several of the group’s developments, including Al-driven seizure detection and pulse wave
analysis tools, have reached the market as certified medical devices according to MDR and FDA, either directly
through AIT or in partnership with companies.

Future Outlook: The group’s future work is strongly oriented toward artificial intelligence and data-driven
modelling. By incorporating deep neural networks and probabilistic machine learning, the team aims to advance
diagnostic precision, disease prognosis, and therapy support. This should also be achieved by implementing
generative Al for semi-supervised learning and synthetic data generation. These technologies are expected to
further personalize healthcare based on automated medical signal interpretation, provided by AIT as software as
a medical device.



2 OGBMT

Inverse Bone Remodelling: What the bone microstructure tells us about the in vivo loading conditions
Sebastian Bachmann', Dieter H. Pahr!, Alexander Synek!
nstitute of Lightweight Design and Structural Biomechanics, TU Wien, Vienna, Austria

Historical Context: Our bones adapt to external mechanical loads due to bone remodelling, which is known for
over a century. This functional adaptation (also called “Wolff’s Law”) is especially evident in the internal bone
microstructure, the trabecular bone [1]. High-performance computers and high-resolution CT imaging enabled
the required computations to invert the problem and extract the loading history, imprinted in the bone
microstructure — a method known today as “Inverse Bone Remodelling” (IBR) [2], [3].

Research Group Description: Prof. Pahr's research group focuses on the computational modelling of hard and
soft tissues across micro to macro scales. Our lab is equipped for material characterization and mechanical
testing on several length scales. Key research areas include bone-implant/screw interfaces, microscale bone
damage, bone morphometry, and property-function relationships. Our work aims to advance biomechanical
understanding and drive clinical and engineering innovations.

Key Results and Significance: We showed that predictions of micro-FE-based (depicting individual trabeculae
in the FE model) IBR at the hip joint are plausible and comparable to in vivo measurements of instrumented
prostheses [4]. We developed a new approach for IBR, to increase the modelling speed by using homogenized
finite element models [5]. Recently, we showed that this adaptation of IBR is feasible with clinical QCT images
of the proximal femur [6]. Thus, our method allows the prediction of the loading history directly from in vivo
imaging and poses an alternative workflow to musculoskeletal modelling or instrumented implants.

Future Outlook: Our method currently requires CT images. Hence, future work will focus on extending its
applicability to MRI images and exploring the integration of 2D imaging modalities like X-ray or DXA with
machine learning to enhance in vivo usability. To assess the methodology, we plan to conduct a thorough
comparison with patient-specific musculoskeletal models, aiming to facilitate clinical translation.
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Control System Theory-Based Modeling of HCN Channels in Cardiac Sinus Node Dynamics

Jasmina Lozanovié?,

Clinical Engineering, Department of Engineering, University of Applied Sciences - Hochschule Campus Wien,
Vienna, Austria

Historical Context: The heartbeat, initiated in the cardiac sino-atrial node (SAN), represents a complex
biophysical phenomenon extensively studied through mathematical and computational modeling. Despite
advances, a comprehensive description of the sinus node remains elusive. There is a lack of literature reporting
the application of control system theory to HCN channels.

Research Group Description: The present study introduces a control theory framework to describe the Funny
channel and cardiac pacemaking phenomena. Recent advances in the understanding of the mechanisms behind
the generation and regulation of cardiac rhythm have motivated the investigation of control-theoretic models of
HCN channels.

Key Results and Significance: Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels are
transmembrane proteins predominantly expressed in the cardiovascular and central nervous systems, where they
are pivotal in maintaining cardiac and neuronal rhythmicity. HCN4 is the predominant isoform in sinoatrial
node cells and plays a central role in the regulation of heart rate. The HCN channel dynamics lie at the core of
cardiac rhythm. Modelling HCN dynamics can therefore be viewed as a classical output regulation problem,
indicating the importance of control system theory in understanding cardiac function. The present result
suggests the feasibility of establishing a comprehensive biophysical model for the entire heart by the control
system theory.

Future Outlook: Applying such concepts to sinus node cell modeling could yield new insights by establishing
control system theory-based models that account for feedback mechanisms in cardiac ion channels.

The validation of the mathematical model has not been detailed in the published results but is currently
underway. The principal aim of the work is the representation of the If current in the continued dynamical
evolution of the cardiac SAN model. In future research, coupled systems will attach a cascade-mechanism-based
model of HCN ion channels to an integrated model of the brain-heart dynamic system by integrating these
disturbance observers.
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Austrian Health Data Spaces Supporting Primary and Secondary Use of Healthcare Data
D. Hayn'?, K. Donsa?, K. Kreiner?, A. Rzepka!, G. Schreier?
Center for Health & Bioresources, AIT Austrian Institute of Technology, Graz, Austria

Historical Context: During the first quarter of the 21% century, Austria emerged as a European pioneer in
eHealth, largely due to the introduction of the eCard system and the national Electronic Health Record (ELGA).
The implementation of the General Data Protection Regulation (GDPR) in May 2018 had a profound impact—
not only on routine care and the primary use of health data but also on healthcare research and the secondary use
of data.

Research Group Description: AIT’s Digital Health Information Systems unit, established in 2000, initially
concentrated on telemedicine and biosignal processing. Today, the group addresses a wide range of healthcare
data use cases. On the primary use side, its work focuses on telemonitoring and disease management programs.
Simultaneously, it explores secondary data use in areas such as rare disease research and citizen-driven data
donation.

Key Results and Significance: The group has achieved major advances in both primary and secondary use of
health data. HerzMobil [1], a heart failure telemonitoring program which is connected to ELGA, stands out as a
European model for integrated care. In this context, a robust research infrastructure enabling secure handling of
heart failure data from different sources has been developed [2]. In rare disease research, the group developed
privacy-preserving technologies such as the EUPID services, now used across Europe [3-7]. It also contributed
to data donation frameworks like the Smart Fox project [8], promoting citizen-driven research participation with
strong privacy protections.

Future Outlook: With the European Health Data Space (EHDS) entering into force in March 2025 and full
implementation expected by 2031, AIT—together with its national and international partners—will continue
shaping the future of health data use in Europe both, for primary and secondary use and in a privacy-preserving
and citizen-centred manner.
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Bioelectronic bidirectional interfaces at single-cell resolution
A. Corna!, A. Ziller!, A. Khattab!, M. Ell!, P. Werginz!, G. Zeck!

nstitute of Biomedical Electronics, TU Wien, Vienna, Austria

Historical Context: Neural engineering focuses on developing technologies that interface with the nervous
system. A primary aim is to enable two-way communication for accurate stimulation and high-resolution
recording. However, the heterogeneous nature of neural tissue demands interfaces that can adapt to its
mechanical and biological complexity. Based on this idea, our group develops high-density, flexible, and
wireless microelectrode arrays tailored to specific electrogenic model systems.

Research Group Description: At the Institute of Biomedical Electronics at TU Wien headed by Prof. Zeck the
interfacing of electronics with the biological world is addressed at single-cell resolution to support improved
healthcare strategies. We work with diverse model systems, including single neurons, neural tissues, organoids,
and spheroids. Our research spans electrode design and fabrication, development of integrated bioelectronic
platforms, and data analysis and modelling to support physiological studies and guide device design.

Key Results and Significance: In the research group Biomedical Electronics, we develop advanced
bioelectronic interfaces by combining expertise in materials science, electronics, neuroscience, and biology. Our
work enables stimulation and recording at single-cell resolution across various biological models. Using
additive manufacturing and 3D printing, we fabricate flexible, biocompatible electrode arrays with micron-scale
features. High-density microelectrode arrays are applied to systems such as photoreceptor-degenerated retina
and tumour spheroids, enabling bidirectional stimulation and recording [1, 2]. For wireless applications, we
develop organic photovoltaic stimulators operating in the infrared range. Computational modelling and analysis
support all developments, ensuring alignment between device function and biological application [3].

Future Outlook: Our recent work highlights the growing potential of flexible, wireless, and printed neural
interfaces. Printed and 3D electrode arrays offer scalable platforms adaptable to models such as brain organoids
and tumour spheroids. Key challenges include identifying promising model systems and ensuring long-term
stability. Photovoltaic stimulation is a promising route for untethered neuroprosthetics, particularly in sensory
restoration.
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Advancing Respiratory Research Through High-Fidelity Simulation and Modelling

R. Pastekal, V. Vodenicharov?, M. Forjan?, A. Drauschke?, M. Wagner?, T. Werther?

!Department Life Science Engineering, University of Applied Sciences Technikum Wien, Vienna, Austria,
2Department of Paediatrics and Adolescent Medicine, Medical University of Vienna, Vienna, Austria

Historical Context: Since 2006, an interdisciplinary team at the University of Applied Sciences Technikum
Wien has advanced respiratory research, guided by the 3R principles of providing alternatives to animal
experimentation (1). The group models and simulates respiratory systems for clinically relevant applications,
expanding to neonatal care, aerosol drug delivery, Al-supported segmentation tools, and Computational Fluid
Dynamics (CFD) simulations. The work is integrated into academic curricula, bridging research with
engineering and life sciences education.

Research Group Description: Embedded within the Competence Centre for Medical Engineering & Integrated
Healthcare, the group comprises biomedical engineers, pulmonologists, and clinical experts. Research occurs in
a dedicated laboratory. The team collaborates nationally and internationally with institutions such as the Medical
University of Vienna, University Hospital Salzburg, Brno University of Technology, University of Bergamo,
and Portuguese centers, facilitating joint development, validation, and testing of simulation systems in clinical
and academic contexts.

Key Results and Significance: A major milestone was the development of the xPULM™ electro-mechanical
lung simulator (2,3), enabling dynamic and realistic replication of physiological and pathological breathing
patterns using synthetic or organic lung models. The system has been used to study patient—ventilator
asynchrony (4), and to quantify aerosol deposition variability in dry powder inhalers under controlled inhalation
waveforms (5). The group’s most impactful work centres on neonatal simulation: using ex-vivo preterm sheep
lungs, where tidal volumes <5 mL and breathing rates >40 bpm were replicated (6). Recent studies using
preterm lung models with respiratory distress syndrome (RDS) demonstrated improved lung mechanics
following surfactant therapy delivered via different methods (7), highlighting its crucial role in lung function
recovery compared to ventilatory support alone (8).

Future Outlook: Current work targets Al-assisted CT segmentation for personalized inhalation therapies, CFD-
based validation of aerosol deposition in realistic airway models, and optimization of high-frequency oscillatory
ventilation (HFOV) strategies in neonates, monitored via electrical impedance tomography (EIT).

Graphical Abstract (optional)
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Bridging Realities: Innovation at the Interface of Digital Modeling and Additive Manufacturing

Francesco Moscato®?2, Ewald Unger?, Christian Grasl*?, Martin Stoiber*?, Markus Koénigshofer!, Gunpreet
Oberoi!, Erik Kornfellner?, Matthias Vostatek®, Marta Bonora'?, Lorenzo Civilla'?, et al.

ICenter for Medical Physics and Biomedical Engineering, Medical University of Vienna, Austria, 2Ludwig
Boltzmann Institute for Cardiovascular Research, Vienna, Austria 3Austrian Cluster for Tissue Regeneration,
Vienna, Austria

Historical Context

The convergence of digital design and physical fabrication in medicine has seen rapid acceleration over the past
decade, as academic medical centers worldwide are adopting additive manufacturing and simulation for
personalized healthcare. In Austria, this evolution was catalyzed in 2017 with the research group starting the
M3dRES research infrastructure, a landmark initiative that equipped the group at the Medical University of
Vienna and collaborating partner institutions with high-end 3D printers and advanced digital modeling software.

Research Group Description

Our interdisciplinary research group comprises 10-12 members with diverse national, academic, and
professional backgrounds, including one assoc. professor, postdoctoral researchers and technicians, and a
dynamic team of PhD and Master/Bachelor students. The group focuses on the development of patient-specific
and intraoperative tools, custom implants, multimaterials, lattice-based and micro-textured metamaterials,
imaging phantoms, 4D modeling and augmented reality, as well as hyper-realistic simulators for surgical
training.

Key Results and Significance

The group has delivered high-impact outcomes through large-scale national and European projects (M3dRES
2017-22, INKplant 2019-24, OPTIFLOW-3D 2022-25, SIMIS 2023-25), establishing formal collaborations with
surgical societies (EANS) and several clinical departments. Our work has led to publications, patents, awards,
standards and -most importantly- direct patient impact through the successful deployment of a custom-designed
tracheobronchial stent implant [1-10]. The group has been also a driving force for the foundation of an
international scientific society that focuses on 3D technologies and printing in hospitals. These achievements
highlight the significance and translational power of integrating simulation, modeling, and advanced fabrication.

Future Outlook

Looking ahead, we are exploring generative Al to design personalized implants, enhancing intraoperative
capabilities with real-time 3D models, and enabling more intelligent robotic-assisted procedures. By advancing
automation and digital-physical feedback loops, our research aims to shape the next generation of surgery,
reinforcing the bridge between virtual planning and tangible intervention.

Graphical Abstract:
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Engineering the Heart: From Artificial Organs to Smart Cardiovascular Therapies

Francesco Moscato®?2, Thomas Schloglhofert:24, Max Haberbusch®?, Laurenz Berger'?, Klaus Hirtner2,
Christian Grasl*?, Martin Stoiber'?, et al.

ICenter for Medical Physics and Biomedical Engineering, Medical University of Vienna, Austria, 2Ludwig
Boltzmann Institute for Cardiovascular Research, Vienna, Austria 3Austrian Cluster for Tissue Regeneration,
Vienna, Austria, “Department of Cardiac and Thoracic Aortic Surgery, Medical University of Vienna, Austria

Historical Context

With roots dating back over 40 years, our group is building on the legacy of Prof. H. Schima’s research,
pioneering the development and clinical application of cardiac assist devices and artificial hearts. This tradition
in artificial organs, allowed us evolving in parallel with the maturation of bioengineering technologies that have
transformed heart failure management worldwide.

Research Group Description

A team of 15-20 members, comprising one associate professor, postdocs, technicians, graduate and
undergraduate students draws from diverse national and academic backgrounds. The group operates through
five synergistic labs: Cardiovascular Implants, focusing on the design, manufacturing, and biomechanical
testing of prostheses, including electrospun vascular grafts; Mechanical Circulatory Support, developing further
the safety, efficiency, and bio- and human-compatibility of cardiac support systems; Neurocardiac Interfaces,
investigating the interaction between the autonomic nervous system and the heart to develop neuromodulation-
based medical device therapies; Biosignal Analysis, exploring time-series biosignal analysis, wearable sensors,
and clinical monitoring through advanced Al-driven methods; Cardiovascular Simulations, employing
computational fluid dynamics, multiphysics simulations, and 0-D hemodynamic models with access to high
performance computing infrastructure for population-scale modeling.

Key Results and Significance

Our research has shaped cardiovascular research through several national and European projects (e.g.,
NeuHEART, TEX-hype, CARDISENSE), leading to impactful publications, patents, and awards [1-10]. These
projects span clinical translation, device innovation, and fundamental research, reflecting the group’s unique
breadth at the intersection of engineering and medicine.

Future Outlook

We aim to develop the next generation of smart cardiovascular devices through: hybrid manufacturing and
integrated biosensing; novel digital biomarkers for disease prevention and clinical decision support using
explainable Al; the integration of large language models to harmonize heterogeneous datasets; and the use of
high-performance computing to optimize device design. Our vision is to translate these capabilities into
intelligent, personalized solutions ranging from electroceuticals to advanced implants and data-driven
diagnostics.

Graphical Abstract:
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Towards cardio-oncology-on-a-chip

Neda Karami?, Sebastian Knafl', Seyda Kigili, Amra Mujadzic?, Sasha Mendjan?, Heinz Wanzenboeck?, Sonia
Prado-Lopez'*

1. TU Wien, Institute for Solid State Electronics, 1040 Vienna, Austria.

2. Institute of Molecular Biotechnology (IMBA), Vienna University, 1040 Vienna, Austria.

Historical Context:

In recent years, the growing recognition of cardiotoxic side effects associated with cancer therapies has given rise
to the field of cardio-oncology. Despite this, most preclinical models still assess therapeutic efficacy and cardiac
safety in isolation, using 2D cultures or animal models with limited human relevance. The lack of an integrated,
multimodal in vitro system for evaluating both cardiac and tumour responses remain a critical gap—particularly
for advancing precision oncology and improving patient safety during chemotherapy.

Research Group Description:

This work was carried out within an interdisciplinary research group specializing in bioelectronic devices,
microfabrication, and organ-on-chip technologies. The group focuses on developing multi-functional platforms
that merge electrophysiological recording, mechanical sensing, and tissue engineering to support drug testing and
disease modelling at high resolution. This thesis project draws on expertise in microelectrode array (MEA) design,
fluidic systems, and human 3D cell models to construct a hybrid cardio-oncology-on-a-chip platform.

Key Results and Significance:

The platform combines a bifunctional MEA-—capable of simultaneous field potential and impedance
measurements—with a custom milli-fluidic bioreactor (Spheractor) designed for long-term co-culture of cardiac
organoids and tumour spheroids under ultra-low shear stress. Using doxorubicin as a test drug for proof-of-concept
analysis, the system successfully captured tumour and cardiac impedance changes, and field potential signals in
real time. This constitutes a promising step toward holistic, label-free preclinical drug evaluation, enabling
simultaneous assessment of therapeutic efficacy and cardiac safety. Further improvement of this platform has the
potential to support future regulatory expansion of cardio-oncology testing into in vitro environments prior to
clinical application.

Future Outlook:

Ongoing efforts include scaling to high-throughput formats (e.g., 96-well plates), mass-manufacturing using
industrial approaches such as inject printing, and integrating patient-derived tissues for personalized cardio-
oncology profiling. This work contributes to the technological and translational foundation for industrial

deployment and broader clinical impact of organ-on-chip systems in precision medicine.
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Gaps in Pregnancy Care and Beyond

Sahar Ghorbanpour?, Rui Zhout, Dagmar Brislinger?, Christian Baumgartner?

Unstitute of Health Care Engineering with European Testing Center of Medical Devices, Graz University of
Technology, Graz, Austria
2Division of Cell Biology, Histology and Embryology, Medical University of Graz, Austria

Historical Context: Although women live longer than men on average, they spend a greater proportion of their
lives in poor health. This burden spans all life stages and is closely linked to distinct physiological phases such as
menstruation, pregnancy, and menopause. Women’s health conditions have historically been under-researched,
limiting understanding and treatment options. Pregnancy-related disorders such as preeclampsia and chronic
gynecological conditions like endometriosis are prime examples. Both significantly affect quality of life and long-
term health due to the lack of physiologically relevant, ethical, and long-term experimental models.

Research Group Description: We develop advanced, human-specific platforms to investigate female-specific
and cardiovascular conditions with high biological fidelity. Our approach integrates tissue engineering,
biomaterials, biomechanics, and reproductive medicine to create vascularized 3D culture systems that closely
mimic human tissue environments. These include a “Womb in a Lab” for studying maternal—fetal interactions, a
Mini Uterus model for probing endometriosis mechanisms, and a Mini-vascularized Heart for modeling cardiac
function and disease. By combining tunable extracellular matrices, primary patient-derived cells, dynamic
bioreactor conditions, and biomechanical characterization, we replicate healthy and diseased tissue states for
mechanistic studies, biomarker discovery, and drug testing across reproductive and cardiovascular research,
enabling studies otherwise impossible due to ethical and technical constraints.

Key Results and Significance: We have developed 3D models of the placenta, microvasculature, and a mini
beating heart to study disease pathogenesis and provide a platform for biomarker discovery and therapeutic testing
(1-3). These models led to the identification of critical biomarkers for preeclampsia and the creation of the first
nanoparticle-based test strip for rapid (<15 min) detection of early-onset preeclampsia (4).

Future Outlook: We aim to expand our suite of bioengineered LifeStage Models across women’s health research,
combining them with advanced monitoring technologies to accelerate precision medicine, close the gender health
gap, and improve outcomes across the lifespan.
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Sensors and Signals, Bioelectricity and Al-Based Diagnostics
Celine Desoyer?, Stephan Thurner?, J6rg Schréttner?, Christian Baumgartner®
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Technology, Graz, Austria

Historical Context: Founded in 2015 by Prof. Christian Baumgartner at Graz University of Technology, the
research group builds on a strong tradition of interdisciplinary biomedical engineering. Prof. Baumgartner brings
over 25 years of experience in electrophysiology, biomedical sensors, computational modeling, and medical
device regulation. His work bridges engineering and clinical practice, with a focus on translational biomedical
research.

Research Group Description: The group focuses on interdisciplinary research at the intersection of engineering,
life sciences, and medicine. Core areas include biosensors, biosignal analysis, electrophysiology (especially
cardiac and oncological), computational modeling, and Al-driven signal and image processing. A further emphasis
lies on the development and regulatory validation of safe, effective medical devices. The team is led by Prof.
Baumgartner and co-led by Celine Desoyer, who advances research in neurostimulation and Al-based hearing
technologies.

Key Results and Significance: Key achievements include the first digital cell twin for lung cancer, simulating
ion channel activity in A549 cells based on experimental patch-clamp data. The group has contributed
significantly to understanding bioelectric mechanisms in cancer progression (1). In parallel, several biosensor and
point-of-care technologies have been developed, combining electrical, optical, and chemical principles. Recent
highlights include Al-assisted CT image processing and automated cochlear implant fitting, enhancing diagnostic
precision and patient care (2, 3). All medical device projects are aligned with EU regulatory frameworks,
supporting clinical readiness (4).

Future Outlook: The group aims to further expand its research on in-silico modeling of disease, with a particular
focus on digital twins and bioelectric signatures of cancer and cardiac dysfunction. Future directions include
deeper integration of Al in personalized medicine, real-time signal interpretation, and the development of next-
generation neurostimulation and wearable devices. Strengthening clinical collaborations and contributing to EU
medical technology standards remain strategic priorities to ensure lasting impact on patient care and healthcare
innovation.

Graphical Abstract

Sensors &
Signals Al & Modelling

Na.

Bioelectricity Medical Devices
Development

Key references:
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22091-3



S OGBMT

Soft Robotic Medical Devices and Implants

Debkalpa Goswami®

Ynstitute of Health Care Engineering with European Testing Center of Medical Devices, Graz University of
Technology, Graz, Austria

Historical Context: Soft robotics is a fledgling field, with the first use of the term in 2008. This subfield of
robotics focuses on building robots using flexible and deformable materials (e.g., silicone, rubber, or hydrogels)
rather than rigid materials like metal or hard plastics. Soft robots often mimic biological systems in form and
function, making them more adaptable and safer for interaction with humans and living tissues.

Research Group Description: The vision of our new research group is the development of novel soft robotic
medical devices and implants, which can one day help a patient. We realize this vision by combining principles
from traditional robotics, such as continuous sensing and closed-loop feedback mechanisms, with the bioinspired
approaches of soft robotics to mimic physiologically accurate biological function. We incorporate in vitro, in vivo,
and in silico research, by complementing our experience in soft robotics with expertise in 3D printing, biosensing,
small and large animal models, computational biomechanics, and drug delivery.

Key Results and Significance: Our recent work has utilized soft robotic technology to build both benchtop and
in vivo models of cardiovascular disease (1,2). These models can act as personalized platforms for surgeons,
device designers, and researchers to test treatment strategies before actual procedures. We have also developed
novel implantable soft robotic drug delivery devices which overcome host immune response (3). These devices
have potential clinical utility for indications where transport is affected by fibrosis, such as the management of
type 1 diabetes (4).

Future Outlook: As the first Austrian biomedical engineering lab focusing on soft robotics, we aim to expand
the range of applications of soft robots in healthcare. Our future research will develop instrumented soft robotic
testbeds for various dynamics organ systems. We envision these testbeds to act as “physical twins” and
complement existing and upcoming digital twin technologies.
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The European Testing and Certification Body of Medical Devices
Jorg Schréttner?, Robert Neubauer, Alexander Lassnig, Christian Baumgartner?

Ynstitute of Health Care Engineering with European Testing Center of Medical Devices, Graz University of
Technology, Graz, Austria

Historical Context: Founded in 1976 as VABMT — Versuchsanstalt fiir Biomedizinische Technik, the Testing
Center has a long-standing tradition in the field of medical device evaluation. In 1995, it received official state
accreditation and was renamed PMG — Prifstelle fir Medizintechnik Graz. A year later, PMG was designated as
a Notified Body (CE 0636), authorized to perform conformity assessments for medical devices in the European
Union. Building on its regulatory expertise, PMG expanded its scope in 2011 to include certification of quality
management systems according to EN 1SO 13485 and EN 1SO 9001. Although it withdrew its notification status
in 2016, PMG continues to serve as a European Testing Center, accredited under EN ISO/IEC 17025 and 17021-
1, maintaining its role as a trusted partner in the field of medical technology assessment and certification.
Working Group Description: The European Testing Center of Medical Devices (PMG) specializes in safety and
conformity assessment of active medical and laboratory devices, comprising safety (technical) basic tests based
on standards such as EN 60601-1, type-examinations, periodical safety testing in compliance with national
medical and hospital laws as well as specific technical evaluations (e.g. IPxx tests, temperature profiles, non-
destructive testing with X-ray). In addition, the center offers certification of quality management systems
according to EN ISO 13485 and EN ISO 9001. Leveraging its expertise as a former Notified Body and its close
ties to technical university research, the PMG provides comprehensive engineering, testing, and certification
services across the entire product life cycle of medical technologies.

Key Results and Significance: The Testing Center has played a critical role in advancing the safety, quality, and
regulatory compliance of active medical and laboratory devices for nearly five decades. As an accredited testing
and certification body, it has supported manufacturers and researchers in meeting harmonized international
standards, including EN 60601-1, EN 1SO 14971, EN ISO 13485, and many more. Its expertise in EC type-
examination and conformity assessment—rooted in its former status as a Notified Body—has enabled numerous
innovations to enter clinical practice safely and efficiently. By combining technical precision with regulatory
insight, the Testing Center ensures that medical technologies meet essential safety requirements, thus contributing
significantly to patient safety, clinical reliability, and technological progress in healthcare (1, 2).

Future Outlook: As the demand for safe and effective medical technologies continues to grow, the PMG aims to
strengthen its role as a bridge between engineering innovation and regulatory compliance. With increasing
complexity in device design and evolving international regulations, both academia and industry require reliable
partners with deep regulatory and technical expertise (3). PMG is committed to expanding its scopes in
certification, testing, and consulting, supporting the development of next-generation medical devices. By fostering
collaboration with research institutions and manufacturers, the center will continue to contribute to safer, more
efficient healthcare solutions and help accelerate the translation of innovations from lab to clinic.
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A Regulatory Roadmap for a Biodegradable, Antimicrobial Annuloplasty Ring for Infective Endocarditis
A. Jukic, B. Kapeller, M. Bammer, B.K. Podesser

1. Department of Biomedical Engineering, TU Wien, Vienna, Austria
2. Center for Biomedical Research and Translational Surgery, Medical University of Vienna, Vienna, Austria

3. Department for Drug and Medical Device Testing, Center for Biomedical Research and Translational
Surgery, Medical University of Vienna, Vienna, Austria

Historical Context: Infective endocarditis remains a life-threatening condition with substantial in-hospital
mortality of 14-22% and a five-year survival rate comparable or worse than that of lung cancer. Standard care
and systemic antibiotics followed by valve repair or replacement, rely largely on non-degradable, Dacron-coated
rings that can harbour bacteria and predispose to superinfection and reoperation. This thesis addresses that gap
by focusing on a biodegradable, antimicrobial annuloplasty ring designed to mitigate reinfection risk during
mitral valve repair and the regulatory obstacles given by EU-MDR and US-FDA.

Research Group Description: The work is conducted in collaboration with the Center for Biomedical Research
and Translational Surgery (MedUni Wien), leveraging its cardiovascular research focus (myocardial
protection/remodeling, small-diameter vascular tissue engineering, and 3D bioprinting) and established large-
and small-animal models relevant to mitral valve interventions. Device testing and study conduct align with the
Center’s ISO-10993 biocompatibility workflows and GLP capabilities within the Department for Drug and
Medical Device Testing.

Key Results and Significance: The device integrates a metal core alloy with a nanoparticle-doped polymer
sheath, engineered for surgical familiarity and a controlled 12—18-month resorption profile with fibrous tissue
replacement to restore heart valve functions as primary mode. In vitro data show sustained antibacterial activity
as secondary mode against Staphylococcus aureus and Escherichia coli. Due to its novelty and lack of predicate
devices, de novo clinical evidence is essential. The thesis delivers a regulatory roadmap spanning EU MDR and
U.S. FDA (5,6) pathways, mapping risk management, GSPR conformity, hazard traceability and a FMEA
analysis, including ISO-10993 biocompatibility, mechanical properties, and degradation testing, which are
aligned to applicable standards and agency expectations (1, 2). The Center’s cardiovascular tissue-engineering
expertise and preclinical models support translational relevance and test selection (3), while GLP infrastructure
enables non-clinical study credibility and acceptance (4).

Future Outlook: Next steps are early regulator engagement (Notified Body pre-subs; FDA Q-Sub/TAP if

applicable), and a first-in-human clinical investigation under MDR Annex XV and FDA IDE. The resulting
package is intended to streamline CE marking and subsequent U.S. submissions for this high-risk, Class I1I
implant.

Key references:
1. Regulation (EU) 2017/745 on Medical Devices (MDR).

2. ISO 10993-1:2018 Biological evaluation of medical devices—Part 1: Evaluation and testing. biomed-
forschung.meduniwien.ac.at

3. Kardiovaskuldres Institut, Center for Biomedical Research and Translational Surgery, MedUni Wien
(research foci and models). biomed-forschung.meduniwien.ac.at

4. Department for Drug and Medical Device Testing, Center for Biomedical Research and Translational
Surgery, MedUni Wien (GLP, capabilities).

5. https://www.johner-institut.de/blog/qualitactsmanagement-iso-13485/21-cfr-820/

6. 21 CFR Part 814 — Premarket Approval (PMA)


https://biomed-forschung.meduniwien.ac.at/unsere-abteilungen/medizinprodukte-und-medikamenten-testungen/
https://biomed-forschung.meduniwien.ac.at/unsere-abteilungen/medizinprodukte-und-medikamenten-testungen/
https://biomed-forschung.meduniwien.ac.at/unsere-abteilungen/kardiovaskulaeres-institut/
https://www.johner-institut.de/blog/qualitaetsmanagement-iso-13485/21-cfr-820/
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Advancing Al-Based Medical Imaging and Data Processing: The MIAAI Research Group at Danube
Private University

A. Mahbod?, J. Furtner-Srajer!, O. Zaric!, P. Handa?, N. Torbati%, H. Ali%, L. Villazan Garcia?, N. Saeidi, R.
Woitek?

'Research Center for Medical Image Analysis and Artificial Intelligence, Department of Medicine, Faculty of
Medicine and Dentistry, Danube Private University, Krems an der Donau, Austria

Historical Context: The Medical Image Analysis and Artificial Intelligence (MIAAI) group was established in
2022 at Danube Private University (currently located in Wiener Neustadt, Austria), by Director Robert Wagner
and Prof. Dr. Ramona Woitek, PhD. The group was founded to address the rapidly expanding role of artificial
intelligence in medical imaging and the growing need for interdisciplinary collaboration between computer
scientists, engineers, and clinical experts.

Research Group Description: MIAAI’s research spans a wide spectrum of imaging and data-driven topics,
including radiomics, computational pathology, MR image analysis, neuro-oncology imaging, and imaging
biomarkers. The group also conducts research in omics data analysis, endoscopy image interpretation, as well as
core methodological areas such as segmentation, classification, registration, and image retrieval. By integrating
expertise from medical and technical domains, the group develops advanced algorithms tailored to specific
clinical applications, often in close collaboration with affiliated clinical partners.

Key Results and Significance: Since its establishment, MIAAI has produced numerous publications in
reputable peer-reviewed journals and international conferences and acquired over 1M EUR funding from
national and international funders like OeaD, FWF, EU Digital Europe, Q-AID from European Commission,
WWTF, Cancer Research UK, Welcome Trust etc, reflecting the group’s strong scientific and technological
excellence. These achievements highlight the group’s ability to deliver impactful research outcomes and foster
collaborative, interdisciplinary projects that bridge cutting-edge Al methodology with clinical needs.

Future Outlook: Building on this foundation, MIAAI aims to develop intelligent agents for multimodal
medical data integration, enabling seamless interaction between imaging, omics, and clinical data. The group
also focuses on adapting, fine-tuning, and developing medical foundation models for a variety of downstream
tasks, including segmentation, classification, registration, and retrieval. These advancements will support
precision medicine, enhance prognostic modelling, and facilitate automated, clinically interpretable decision
support. By continuing to foster interdisciplinary collaboration, the group seeks to remain at the forefront of Al-
driven medical innovation.
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Bioinformatics opportunities and challenges in the deep learning era

Zlatko Trajanoski*
LInstitute of Bioinformatics, Med Uni Innsbruck, Innsbruck, Austria.

In this talk | will give an overview of the development of the field of bioinformatics in Austria for the past 25
years. The main topic will be analysis of molecular and patient data and how the field changed over the years as
a result of the progress made for the sequencing technologies and more recently also single-cell as well as
spatial profiling techniques. I will also provide an insight into current development using deep learning for the
analyses of H&E images as well as efforts to integrated disparate data sets.
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Biomedical Modeling and Simulation: Analysis and Optimization of Inner Ear Stimulation Strategies,
Thermal Ablation Scenarios and Cryopreservation Procedures

M. Handler'?, B. Vey?, G. Fischer?, D. Baumgarten®

!Biomedical Engineering Group, Department of Mechatronics, University of Innsbruck, Innsbruck, Austria,
2Institute of Electrical and Biomedical Engineering, UMIT TIROL, Hall in Tirol, Austria

Historical Context: Computer modeling is one of the core areas of biomedical engineering. It enables the
analysis and optimization of biomedical devices and procedures in-silico prior and in addition to prototype
development and in-vivo experiments. In working groups at UMIT TIROL and University of Innsbruck, several
modeling solutions were developed, among others for cochleo-vestibular implants and cryotechnology.
Research Group Description: In collaboration with MED-EL and university hospitals in the Netherlands and
Switzerland, computer models based on human inner ear anatomy are being developed to analyze and optimize
existing and new inner ear implant and stimulation solutions. Combined cochleo-vestibular implants are being
investigated as treatment option for patients with both cochlear and vestibular impairments. In collaboration
with the Hannover Medical School, inner ear models of guinea pigs are being developed to gain a better
understanding of stimulation outcomes and verify simulated stimulation strategies in animal models.
Cryoablation strategies are investigated in-silico focusing on the treatment of atrial fibrillation. In collaboration
with the Leibniz University Hannover, new devices and strategies for efficient cryo-preservation are being
developed.

Key Results and Significance: A modular workflow for the development and analysis of computer models for
inner ear implants was developed, which is used for analyzing stimulation strategies in humans (1-3) and guinea
pigs, enabling the optimization of implant solutions prior to prototype development. Modeling solutions for
cryoablation scenarios are used to analyze temperature distributions close to the ablation catheter and estimate
ablation outcome under different conditions (4, 5). Cryoimpedance was analyzed to obtain a possibility for
evaluating ice formation during cryoablation procedures (6). New prototypes for controlled and cost-efficient
cryoconservation are being developed.

Future Outlook: Biomedical modeling and simulation will gain more importance. By continuously improving
computer models, digital twins will be used to optimize several treatment options prior to application in humans.

Key references:

1. M. Handler et al. (2017): Model-Based Vestibular Afferent Stimulation: Modular Workflow for Analyzing
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Dec. 2017, doi: 10.3389/fnins.2017.00713.

2. P. Schier et al. (2018): Model-Based Vestibular Afferent Stimulation: Evaluating Selective Electrode
Locations and Stimulation Waveform Shapes. Front. Neurosci., vol. 12, p. 588, Aug. 2018,

doi: 10.3389/fnins.2018.00588.

3. S. D’Alessandro et al. (2022): Computer Simulation of the Electrical Stimulation of the Human Vestibular
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6. G. Fischer et al. (2019): Impedance and conductivity of bovine myocardium during freezing and thawing at
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Bionanomagnetism: characterization, imaging and modelling of magnetic nanoparticles for cancer
treatment

A. Jaufenthaler!, M. Mitra?!, M. Naeimabadi?, K. Pansegraul?, M. Wolfschwenger?, D. Baumgarten®
!Biomedical Engineering Group, Department of Mechatronics, University of Innsbruck, Innsbruck, Austria
2Institute of Electrical and Biomedical Engineering, UMIT Tirol, Hall in Tirol, Austria

Historical Context: Magnetic nanoparticles (MNP) have emerged as powerful tools in biomedical applications.
They have especially been studied for magnetic hyperthermia, where localized heating is used for cancer
treatment, and magnetic drug targeting, which enables spatially resolved delivery of therapeutic agents. These
applications benefit from the ability to remotely manipulate MNP using external magnetic fields, offering non-
invasive and highly targeted treatments.

Research Group Description: Our research group focuses on the computational modelling, characterization,
standardization and imaging of MNP for biomedical applications. These aspects are essential for the safe and
efficient clinical use of MNP. In this interdisciplinary research field, we bring together expertise from (quantum)
physics, nanotechnology and medical imaging, covering fundamental and application-oriented research.

Key Results and Significance: We have developed computational models to simulate the magnetization
dynamics of MNP, enabling the prediction of their behavior during treatments, e.g. chain formation. By exploiting
and developing novel sensors technologies such as optically pumped magnetometers (OPM), we contributed to
the advancement of magnetorelaxometry-based characterization. Our work also investigates temperature effects
of MNP and multimodal imaging strategies to enhance the imaging performance and enable anatomical co-
registration. We successfully demonstrated human-scale imaging setups using OPM for the quantitative imaging
in human body phantoms.

Future Outlook: A future standardization of MNP manufacturing and characterization is crucial for successful
translation of novel MNP techniques to the clinics. Our ongoing research in unshielded quantitative imaging
strategies will support the development of safe and efficient treatment planning and monitoring in clinical
magnetic hyperthermia.

Key references:

1. A. Jaufenthaler et al. (2024): Human head sized magnetorelaxometry imaging of magnetic nanoparticles with
optically pumped magnetometers—A feasibility study. J. Magn. Magn. Mater., 596, 171983,

doi: 10.1016/j.jmmm.2024.171983

2. M. Wolfschwenger et al. (2024): Molecular dynamics modelling of interacting magnetic nanoparticles for
investigating equilibrium and dynamic ensemble properties. Appl. Math. Model., 136, 115624,

doi: 10.1016/j.apm.2024.07.031

3. A. Jaufenthaler et al. (2021): Pulsed optically pumped magnetometers: Addressing dead time and bandwidth
for the unshielded magnetorelaxometry of magnetic nanoparticles. Sensors, 21(4), 1212,

doi: 10.3390/s21041212
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From Source Localization to Neurofeedback: Individualized Modeling for EEG/MEG Signal Analysis
J. Vorwerk'2, M. Maurer®, M. Schmatz!, D. Baumgarten®

!Biomedical Engineering Group, Department of Mechatronics, University of Innsbruck, Innsbruck, Austria
2Institute of Measurement and Sensor Technology, UMIT TIROL, Hall in Tirol, Austria

3Institute of Electrical and Biomedical Engineering, UMIT TIROL, Hall in Tirol, Austria

Historical Context: With the appointment of Prof. Dr. Daniel Baumgarten as head of the Institute for Electrical
and Biomedical Engineering at the UMIT TIROL in 2016, biosignal processing, particularly in the field of
electroencephalography (EEG) and magnetoencephalography (MEG), became an important area of research at
the institute, which has been mainly covered by Priv.-Doz. Dr. Johannes Vorwerk since 2018. The growth of
this research area has been particularly aided by the acquisition of several FWF, WEAVE, and TWF projects in
recent years. In 2024, Prof. Baumgarten's working group moved to the University of Innsbruck.

Research Group Description: The research in signal analysis focuses on the individualized head modeling to
improve EEG/MEG signal analysis, particularly in source analysis, brain-computer interface (BCI), and
neurofeedback applications. Together with Priv.-Doz. Dr. Johannes Vorwerk, two doctoral students, and several
master's and bachelor's students are currently working in this research area. In addition to local partners,
important partners in this research area include the University of Munster and the Technical University of
lImenau.

Key Results and Significance: We achieved key results in improving source localization accuracy by
integrating personalized head models, advanced numerical methods, and uncertainty quantification. More
recently, uncertainty quantification for EEG/MEG source analysis has become a research focus with
applications, for example, in presurgical epilepsy evaluation. A further research focus is the development of
algorithms for improved real-time analysis of EEG/MEG data through individualized modeling for applications
such as BCls and neurofeedback, which enable individualized therapeutic and training paradigms.

Future Outlook: Ongoing efforts focus on further improving EEG/MEG signal analysis through individualized
modeling, particularly by reducing uncertainty through novel approaches for individual parameter estimation
incorporating multimodal data. In BCI and neurofeedback applications, current research focuses on achieving
improved outcomes in practice and enabling novel applications using our novel algorithms and implementations
for individualized real-time analysis.

Key references:

1. L. Esch et al. (2024): Online functional connectivity analysis of large all-to-all networks in MNE Scan.
Imaging Neurosci., 2:1—24, doi: 10.1162/imag_a_00296

2. J. Vorwerk et al. (2024): Global sensitivity of EEG source analysis to tissue conductivity uncertainties. Front.
Hum. Neurosci., vol. 18, doi: 10.3389/fnhum.2024.1335212
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Measuring What Matters: Voice and Climbing Research at UMIT TIROL's Sensor Technology
Institute

R. Lamprecht!, D. Pandurevic!, P. Draga', K. Hochradel' and A. Sutor!
nstitute of Measurement and Sensor Technology, UMIT TIROL — Private University for Health Sciences and
Health Technology, Eduard-Wallnofer-Zentrum 1, Hall, 6060, Tyrol, Austria,

Historical Context: The Institute of Measurement and Sensor Technology at UMIT TIROL was founded in 2017
by Prof. Alexander Sutor. He started the work in this field supported by the DFG research grant “Biomechanical
analysis methods of soft tissue in the larynx”.

Research Group Description: Alexander Sutor serves as head of the institute, bringing extensive experience
from FAU Erlangen in biomedical research, particularly in voice production measurement and laryngeal
modeling.

Raphael Lamprecht focuses his research interests on determining the material properties of laryngeal tissue and
their influence on voice production.

Klaus Hochradel has implemented novel measurement methods in climbing through movement analysis and force
measurements. The climbing research is led by Klaus Hochradel and Dominik Pandurevic, both engineers, who
receive support from sport scientist Pawel Draga.

Key Results and Significance: In voice research, the group has developed measurement methods including an
ultrasound elastography algorithm specifically tailored for vocal fold analysis. The pipette aspiration method for
measuring the superficial layers of vocal folds was extended by our group to OCT pipette aspiration, enabling
deeper tissue insights. Furthermore, pressure sensor arrays have been applied to measure vocal fold contact forces
during phonation and correlate these measurements with established phonation parameters.

The climbing research group aims to develop methods for quantifying strength and technique during climbing for
performance evaluation and early injury detection. Additionally, system utilizes video-based convolutional neural
networks to extract kinematic and kinetic parameters, such as joint angles, limb contact times, and center of gravity
trajectories. A case study demonstrates the system's potential to identify critical movement patterns and enhance
performance optimization through data-driven training intervention

Future Outlook: In voice science, two further research areas are targeted. First, using the OCT pipette aspiration
technique, the influence of different extracellular matrices on material properties and phonation will be evaluated.
One of our most important cooperation partners is the Computational Medicine Group at FAU Erlangen lead by
Prof. Michael Déllinger. Second, focus lies on vocal fold collision forces, where contact forces will be examined
using force and acceleration sensors in silicone and ex-vivo hemi- and full larynx experiments.

The extensive experience gained in pose detection and movement analysis from speed climbing research will be
extended to other sports disciplines, with particular emphasis on determining optimal movement patterns across
different athletic domains.
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viennaFES: Functional Electrical Stimulation for Movement Rehabilitation at the Medical University of
Vienna

W. Mayrt?2

ICenter for Medical Physics and Biomedical Engineering, Medical University of Vienna, Vienna, Austria,
2Department of Physical Medicine, Rehabilitation and Occupational Medicine, Outpatient Clinic for the Spinal
Cord Injury Syndrome, Medical University of Vienna, Vienna, Austria

Historical Context: Functional Electrical Stimulation (FES) at the Medical Faculty of the University of Vienna
started with attempts to support impaired respiration by phrenic nerve stimulation in a child at the intensive care.
These were undertaken by the engineer Herwig Thoma and the surgeon Jiirgen Holle, and colleagues, in their
joint clinical environment. Out of this, a rapidly growing multidisciplinary research group emerged, initially
with focus on 8-channel-implants and first clinical applications for gait restoration in 4 individuals with
paraplegia, starting 1982 and first applications of a phrenic pacemakers in patients with high cervical lesion (CO-
C2) and complete respiratory insufficiency, beginning 1984. The author entered the group in early 1983. In
September 1983 a first Vienna International Workshop for Functional Electrical Stimulation was held, starting
point of a prosperous triannual conference series, 2025 was the 15t edition, organised in partnership with the
OGBMT and Artificial Organs, and IFESS.

Research Group Description: Configuration, acting persons, technological infrastructure and external partners
underwent dynamic changes over the years, starting from a small laboratory in the oldest part of AKH,
meanwhile as focus part of the Center for Medical physics and Biomedical Engineering in the new AKH. Non-
hierarchical collaboration of academic engineers with complementary specialisations, undergraduate technical
professionals, students and colleagues with different medical specialisations, were a prosperous substrate for
numerous projects and clinical applications. Actually, retirements in the core group and changes in
technological resources, lead to substantial changes, but fortunately, a new generation is prepared to take over
at Medical and also at Technical University of Vienna, with continuation and novel topics under the umbrella
viennaFES.

Key Results and Significance: The first in human multichannel implants for control of paralysed lower
extremities of 4 persons with paraplegia, and for for restoring respiration in about 25 persons with high cervical
spinal injury (C0-C2), work on direct stimulation of denervated muscles (EU-project RISE) and application of
first in human multichannel-FES in microgravity (MIR space-station) were most recognised and impactful
achievements, many more don’t have space in this short summary.

Scientificant is also the prosperous multidisciplinary outpatient clinic, providing personalised FES support on
spasticity, pain and movement rehabilitation to patients with SCI and beyond.

Future Outlook: Part of the core group is retired (Rafolt, Mayr), others are relatively close to retirement
(Unger, Bijak, Lanmdller), fortunately, younger colleagues are taking over, with continuation and new
approaches and topics, like the recently appointed Professor for Biomedical Engineering, Raspopovic, and the
younger colleagues Schmoll, Hofstotter, and Minassian, with their respective research groups. Also, strong
groups got established at Technical University, like on vagus nerve stimulation (Kaniusas) and bioelectronic
interfaces at cellular level (Zeck).

Generally, we can expect rapid progress in application comfort and safety by the actual and coming digital
technologies, as far as those re not too much inhibited by overshooting regulatory restrictions and financial
restrictions. Relevant topics continue to remain represented in research. For basic limitations, in particular in
coupling of technical solutions to the living organism, we can expect only slow step by step progress, no rapid
break throughs.
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Digital Cardiology: From Benchmarks to Bedside
S. Préll, A. Nicolson, R. Lunelli, C. Dlaska
Digital Cardiology Lab, Department of Cardiology, Medical University of Innsbruck, Austria

Historical Context: Digital technologies such as artificial intelligence (AI) and wearable devices are
increasingly shaping modern medicine, offering substantial potential to improve patient care and reduce the
burden on healthcare systems.

Research Group Description: The recently established Digital Cardiology Lab at the Medical University of
Innsbruck conducts research at the interface between digital technologies and cardiology with the goal to
maximize the benefit of the ongoing digital transformation in health care. The group’s methodological focus is
on developing and applying state-of-the-art AI methods that leverage multimodal clinical data (e.g.,
electrocardiograms (ECGs), magnetic resonance imaging (MRI)) and innovative approaches using smart devices
such as smartphones. Being part of the Department of Cardiology enables our group to closely collaborate with
medical domain experts and cover the entire medical research pipeline ranging from identifying clinically
relevant research questions to technology development and clinical trials in a highly interdisciplinary manner.

Key Results and Significance: Foundation models [1], i.e., general-purpose Al models useful for various
downstream tasks, offer significant benefits compared to narrow, i.e., task-specific, machine learning models.
For example, strong representations learned through pretraining on diverse datasets can improve model
robustness and accuracy, even for downstream tasks with limited annotated data - a situation commonly
encountered in the medical domain. To advance ECG representation learning, we recently proposed BenchECG
[2], a comprehensive benchmark for ECG foundation models. We also developed XECG [2], the first state-of-
the-art ECG foundation model capable of directly handling the full range of signal variations in cardiovascular
care without requiring architectural adaptations, and providing a strong baseline for BenchECG. Recently,
XxECG's real-world applicability was underscored by the 2" place solution of this year's George B. Moody
PhysioNet Challenge [3] which aimed at detecting Chagas disease directly from ECGs.

Future Outlook: Examples of future directions include developing multimodal foundation models capable to
assess complex clinical outcomes usually only visible from expensive modalities (e.g., MRI) solely from widely
available and accessible modalities (e.g., ECG). Furthermore, we work towards multimodal smartphone-based
cardiac sensing in combination with lightweight and privacy preserving Al models, useful for screening
applications. As an example, we currently explore how to leverage conventional smartphone's sensors to detect
valvular heart diseases at an early stage.
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Bioelectric and biomagnetic phenomena — Biomedical Engineering at the University of Innsbruck

D. Baumgarten?, M. Handler?, A. Jaufenthaler’, J. Vorwerk*

!Biomedical Engineering Group, Department of Mechatronics, University of Innsbruck, Innsbruck, Austria
2Institute of Electrical and Biomedical Engineering, UMIT TIROL, Hall in Tirol, Austria

Historical Context: In 2009, the Institute of Electrical and Biomedical Engineering was established at UMIT
TIROL — Private University for Health Sciences and Health Technology as part of the Technology Initiative of
the State of Tyrol. The institute played a central role in developing and implementing the mechatronics and
electrical engineering programs, with biomedical engineering defined as one area of specialization. In 2016,
Daniel Baumgarten was appointed head of the institute. Following his move to the University of Innsbruck in
2024, the Biomedical Engineering Group was founded within the Department of Mechatronics and has since
continued the successful work.

Research Group Description: The group currently comprises three senior scientists, a senior lecturer, eight
PhD students, and several master’s and bachelor’s students. Our research focuses primarily on electrical and
magnetic phenomena—ranging from measurement and stimulation to modeling, simulation, optimization, signal
processing, and data analysis. Projects span the spectrum from fundamental research to the development of
industrial and patient-centered applications.

Key Results and Significance: Among others, we improved EEG/MEG source localization by integrating
personalized head models, advanced numerical solvers, and uncertainty quantification. For real-time
applications like BCls and neurofeedback, we designed individualized models to enable tailored therapeutic
paradigms. In auditory research, we create anatomical models of the inner ear to optimize implant stimulation.
We also model the magnetization dynamics of magnetic nanoparticles and investigate their thermal behavior.
Using optically pumped magnetometers (OPMs), we advanced magnetorelaxometry-based imaging and
successfully demonstrated quantitative, human-scale imaging in anatomical phantoms.

Future Outlook: We aim to translate our models into clinical applications, advancing real-time neurofeedback
and BCI systems. Future work will enhance in vivo magnetorelaxometry through improved sensors and imaging
protocols, and expand inner ear simulations to support personalized implant planning and multi-physics
modeling for optimized therapeutic strategies.
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Advancing Healthcare Through Human—Machine Interfaces

S. Raspopovic'?
!Center for Medical Physics and Biomedical Engineering, Medical University Vienna, Vienna, Austria

2Comprehensive center for Al in Medicine, Medical University Vienna, Vienna, Austria

Historical Context: Advances in nervous system interfacing present a promising venue for rehabilitation of
individuals with different neurological disabilities. Subjects with pain, stroke, or diabetes frequently do not engage
fully in everyday activities because they are afraid of falls. They also tend to have reduced mobility, which can
induce a sedentary lifestyle that promotes disease development and hinders reinsertion into society, while the
neuropathic pain is also common and poorly managed with current medications.

Research Group Description: We use cutting-edge technology grounded in computational neuroscience to
restore lost neurological function. We rebuild the bridge between body, mind, and self. At the intersection of
neuroscience, engineering, and digital innovation, we are redefining what’s possible in neurorehabilitation and
assistive technologies. From restoring sensorimotor functions to revolutionizing vagus nerve stimulation and
transforming at-home therapy through digital health platforms, our work is driven by one goal: empowering
people to reclaim autonomy and quality of life.

Key Results and Significance: Despite a wide range of possibilities for human-machine interfacing, the nature
of the optimal human-machine interaction remains poorly understood. Knowledge gained from in-silico modelling
of targeted neural structures can inform an optimized design of such interfacing, therefore we develop the exact
models of different nerves, enabling for Al-based personalized treatments. We have pioneered a human-machine
systems that translates artificial sensors’ read-outs into “language” understandable by the nervous system (1,2,3).
The “smart orthosis” for diabetics “speaks” to their residual healthy nerves while diminishing pain (4). Their
effects at the brain level were evaluated, observing important benefits.

Future Outlook: These studies not only provided clear evidence of the benefit of neuromodulation for
neurologically disabled subjects but also provided insights into fundamental mechanisms of supraspinal
integration of the restored sensory modalities. They present a keystone for the development of the future
personalized neurotechnologies.
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