
22

2024
Helmholtz-Institute for Biomedical Engineering
RWTH Aachen University

Biom
aterials

Fig. 9: Ranking of exemplary glycans and multivalent neo-
glycoproteins based on their ability to inhibit the binding 
of Gal-3 to ASF, with avidities ranging from micromolar 
to nanomolar binding constants. Glycans are bound to a 
tBoc-linker. Conjugation to a BSA carrier generates multi-
valent neo-glycoconjugates.

Galectin fusion proteins for 
targeting cancer cells

Galectins, known for their glycan-binding properties and 
oligomer-forming capabilities, are crucial in physiological 
processes like cross-linking and signal transduction. Our 
recent study explores the development and application of 
a library of color-coded galectin fusion proteins, aimed at 
advancing therapeutic approaches for chronic inflammato-
ry bowel diseases. Here our study expands on our previous 
developments by incorporating carbohydrate binding do-
mains from Gal-1, Gal-3, Gal-4, and Gal-8 (Fig. 10) [9, 10]. 

Fig. 10: Galectin classes and the implementation of Galec-
tin fusion protein (structure and fluorescent color code). 
(„h“ indicates human galectins).

These fusion proteins were characterized through bind-
ing assays with serum and ECM glycoproteins, and cancer 
cells. The galectin fusion proteins contain a tag for puri-
fication, a fluorescent protein, and either SpyCatcher or 
SpyTag units for the immobilization on biomaterials. Our 
study confirms that N- and C-terminal fusions do not in-
terfere with binding to glycoproteins. The galectin fusion 
proteins are functional in creating ECM-like structures and 
Galectin-functionalized microgels were utilized for target-
ing cancer cells and promise applications as tools for deliv-
ering therapeutics to specific sites, such as inflamed tissues 
or cancer cells. The study further emphasizes the versatil-
ity of these constructs for future research on ECM recon-
struction and targeted delivery systems.
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Introduction

The mission of the Chair of Medical Engineering (med-
iTEC) of the RWTH Aachen University is to provide an 
active link between interdisciplinary basic sciences and ap-
plication-oriented engineering research and development 
of innovative solutions for a better health care. Apart from 
international publications and a practical transfer and im-
plementation of scientific findings, the education of our stu-
dents from different disciplines and specialties is a major 
objective. In addition to basic research grants, industrial 
cooperations, corresponding to about 50% of our annual 
turn-over, represent an important complementary applica-
tion-oriented pillar of our work for the transfer of our re-
search and developments into clinical applications.
Based on networks of international partners from research, 
industry and clinics, a wide range of new projects were ini-
tiated or started. Among other projects, the start of the 
RUBIN alliance Medi.NET (3/24-2/27) with 15 partners 
and an overall funding of 6,3 Mio € by the German Ministry 
of Education and Research (BMBF) certainly is one high-
light. The alliance is a consequent next step on the path 
of our OR.NET initiative and research and gathers expert 
knowledge from clinics, research and industry to establish 
a center for research, development, testing and training in 
the context of networked AI systems for digital ORs and 
clinics of the future and to increase the quality of medical 
care in the Aachen area.
This annual report summarizes some examples of projects 
in 2024.

Selected Projects
DFG-Project MOFUMO – THA 
Biomechanics 

Current demographic changes are leading to an increas-
ing number of THA patients in combination with higher 
demands on the prosthesis. This underlines the need of 
improved preoperative planning to ensure optimized im-
plant and implantation parameters for the individual pa-
tient. With our partners from Charité Medical University 
Center (Berlin) we analysed the hip joint forces and muscle 
activation patterns of 100 probands to identify correlations 
between anthropometric data and simulated loads for dif-
ferent activities of daily living (ADLs).

Fig. 1: Analysis of hip joint force and muscle activation 
pattern for ADLs (here: level walking).

Patient-Specific HTO 
Biomechanics

Open wedge high tibial osteotomies (HTO) is a well-es-
tablished surgical procedure in case of varus deformities. 
These patients often develop osteoarthritis in the medial 
compartment of the knee joint due to an imbalanced load 
axis. The procedure aims to shift the load axis to achieve a 
reduction of medial loading.
Despite its widespread use in clinical practice, this proce-
dure carries a risk of over- or undercorrection of the leg 
axis, which can lead to altered knee kinematics and com-
promised outcomes.
Together with our clinical partners from BGU Clinic 
Murnau and LMU Munich we have developed a pa-
tient-specific simulation model. Using this model, the im-
pact of various surgical parameters on patellofemoral knee 
kinematics and the resultant tibiofemoral force on the tibi-
al plateau can be analyzed.

Fig. 2: Pre- vs. postoperative analysis.

MR-Compatible Pump for PC-
MRI Validation

Measurement of the cerebrospinal fluid (CSF) flow by 
Phase Contrast magnetic resonance imaging (PC-MRI) is 
used to diagnose and understand the pathogenesis of nor-
mal pressure hydrocephalus (NPH). For validating flow 
measurements recorded with PC-MRI we developed a 
MR-compatible pump. We demonstrated the MR compati-
bility and the ability to reproduce artefact-free flows in PC-
MRI. We validated the flow of the pump vs. physiological 
CSF flow curves. As a result, the pump generates a bidirec-
tional pulsatile flow within a physiological range and can be 
set in the range of 60-90 RPM with a stroke volume of 0.9 
ml. This enables the validation of flow measurements re-
corded by PC-MRI.

Fig. 3: MR-Compatible Pump set-up for PC-MRI validation.

AI-assisted Integrated OR-CSSD 
Management

Sterile supplies for the operating room (OR) are provid-
ed by the Central Sterile Supply Department (CSSD). 
However, predictive planning of sterile goods is currently 
challenging due to the lack of transparency in the cycle and 
numerous unpredictable dynamics related to staff shortag-
es, complications during surgeries or the need for addition-
al sterile supplies, leading to inaccurate planning, surgery 
delays and costly overstocking of sterile supplies. To ad-
dress these challenges, the ASK-KI consortium develops an 
AI-based process control system. The central element of 
the system is an AI based decision support to the OR man-
ager for surgical planning and to the CSSD for prioritizing 
sterile supplies and assigning related tasks. Simultaneously, 
real-time data throughout the sterile goods cycle is ac-
cessed and made available to all parties involved, investi-
gating open interconnectivity concepts adopted from the 
international ISO IEEE 11073 standard.

Fig. 4: Concept for an AI-assisted sterile goods cycle.

CSSD Robotics: handling of 
surgical instruments 

Reprocessing contaminated surgical instruments after use 
is essential to ensure a continuous supply for operating the-
atres. However, handling contaminated instruments in-
duces a high risk of infection for the Central Sterile Supply 
Department (CSSD) staff. We developed a robotic sys-
tem for automated handling during the decontamination 
process. 

Fig. 5: Robotic picking of contaminated surgical instruments.

The system consists in a robot equipped with a specialized 
instrument gripper and a 3D-depth camera. The robot sys-
tem is capable of gripping, separating (and opening) the ma-
jority of instruments in an instrument tray with challenging 
constellations in the border area of the tray. After pour-
ing the instruments from the tray a success rate exceeding 
98% could be achieved.

Robotic Ultrasound Scanning

Robotic Ultrasound Systems are an emerging technology. 
The aim of these systems is either to bring ultrasound experts 
in rural areas by using telemanipulated robotic ultrasound or 
to relieve and assist experts by using collaborative or autono-
mous systems. For the latter there can be assisting tasks such 
as an optimization of probe orientation for high quality im-
ages or autonomous scanning procedures where the system 
finds the region of interest and performs the scan. In the con-
text of the development of a robotic ultrasound system for 
total knee arthroplasty (TKA), an automatic contact gel appli-
cator has been developed for the complete automation of an 
autonomous robotic scanning procedure. A gel pump is feed-
ing gel into a cavity with a silicone ring designed to pull the gel 
along during the scan to reduce gel consumption. The pump 
is controlled wirelessly by the system.

Fig. 6: a) Autonomous robotic ultrasound scanning of the 
knee; b) automatic contact gel applicator prototype.
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Ultrasound-based External 
Fixation

External fixation is a therapy option for operative treat-
ment of open fractures, especially in low-resource set-
tings. Pins for the fixator need to penetrate cortical bone 
on both sides of the target bone to ensure mechanical sta-
bility, but without extensive protrusion. Evaluation of pin 
placement is challenging, since medical imaging like radi-
ography may not be available in low-resource settings. In 
cooperation with our clinical partners from Medecins sans 
Frontière, Berlin, we designed a device for ultrasound-as-
sisted pin placement using a portable, robust and low-cost 
ultrasound probe. The device comprises a guiding sleeve 
and an arm that centers the probe on the opposite side in 
the pin axis. Penetration of the opposite cortical bone can 
thus be easily detected in the ultrasound image in real-time, 
without the need for manual probe placement.

Fig. 7: US-assisted placement of external fixator pins.

Ultrasound-based Dental Implant 
Monitoring

After the implantation of dental prostheses, peri-implantitis, 
an inflammation of the tissue around the implant, can lead 
to bone and gingival resorption. Early detection is very im-
portant. In the framework of the DFG project ULTIMATE 
with clinical partners from Aachen and Graz/Austria we de-
velop a system using intraoral ultrasound measurement of 
the thickness of gingiva and bone, which has the advantage 
of being radiation-free compared to standard x-ray-based 
procedures and thus allows for repeated periodic exam-
ination. Using deep learning-based methods allows for the 
automated analysis of ultrasound images through the seg-
mentation of gingival and bony structures and thus enables 
fast and uncomplicated use.

Fig. 8: Intraoral Ultrasound for Implant Monitoring.

Optimizing Histotripsy and 
Shockwaves

Histotripsy is a therapeutic ultrasound method which uses 
cavitation – gas bubbles created by the tensile phase of an 
acoustic wave – to destroy tissue. This method has recent-
ly found application as a therapy for liver tumors and as a 
treatment for certain kinds of cancer. The objective of our 
actual work is to develop an optimized set-up for a trans-
ducer and a drive circuit which can achieve required nega-
tive pressure and wave frequencies. 
Acoustic Lenses can be applied to therapeutic ultrasound 
transducers to change the shape of the acoustic field from 
a point focus to other shapes. An algorithm to calculate 
these acoustic lenses has been developed and optimized al-
gorithms to better suit the sharp rise times and high pres-
sures of shock waves have been elaborated. 

Fig. 9: a) Simulated line focus and b) a 3D printed model 
of the resulting acoustic lens.

Risk Analysis of Ultra-Low-
Frequency US

Ultra-low-frequency ultrasound (below 50 kHz) is gaining 
attention for its promising use in therapeutic procedures, 
such as minimally invasive neural stimulation and cosmet-
ic treatments like body sculpting. While these applications 
offer significant benefits, they also carry risks of unintend-
ed effects like hemorrhage and tissue damage caused by 
acoustic cavitation. Our research employs a combina-
tion of computational techniques to understand how ul-
tra-low-frequency ultrasound behaves inside a human 
body. By simulating these interactions, we aim to develop 
improved models for risk assessment and enhance the safe-
ty of ultra-low-frequency US applications.

Fig. 10: Simulation of a 40 kHz cylindrical ultrasound 
probe applied to a human arm, revealing high-pressure 
buildup on unanticipated locations offset from the probe’s 
central axis.

Prospective Surgical Workload 
Assessment

Excessive surgical workload contributes to 40% of pre-
ventable adverse events (60% related to human factors). 
Cooperative robotic systems can reduce workload, but 
targeted design requires a clear understanding of work-
load sources. Existing analysis methods, e.g. CPM-GOMS, 
Multiple Resource Model, and mAIXuse, rely on subjective 
assessments or resource-intensive studies. Therefore, a 
prospective workload analysis method is proposed.
S-TAWL allows clinical and modelling experts to decom-
pose surgical tasks into perception, cognition, and action
activities. The workloads of these activities are assessed us-
ing scales based on reference tasks with known workloads.
Initial studies reveal challenges in selecting appropriate ref-
erence tasks for reliable rating scales, but highlight the po-
tential of S-TAWL to identify critical workload factors to
inform targeted interventions.

Fig. 11: Prospective surgical workload assessment concept.

Secure Ensemble Formation of 
Medical Devices

An ensemble is a theoretical combination of medical devic-
es, which allows to perform additional interoperable med-
ical device functions. Examples are displaying vital signs on 
an endoscopic video stream or performing remote de-
vice-control using a workstation.
Incorrect assignments can lead to risks, such as the adjust-
ment of device parameters in other rooms. The goal is to 
have a safe and useable process to create medical-device 
ensembles. Three methods have been evaluated in a us-
er-centered study: NFC tags, pop-ups on medical devices 
and a method using 5G. 

Fig. 12: Usability study at Bonn Surgical Technology Center.

RUBIN Alliance Medi.NET

The RUBIN alliance Medi.NET has the goal to develop a 
medical device platform for openly networked central 
workstations within the hospital in accordance with the in-
ternational ISO IEEE 11073 SDC standard.

Fig.13: DMEA 2024 Demonstrator.

The platform provides the basis for networked user cockpits 
in the OR, intensive care unit, recovery room and other areas 
of the hospital with central control possibilities for different 
medical device and standardised manufacturer-independent 
user interfaces. The modular structure enables the integration 
of AI-based decision support as well as workflow and ensem-
ble management for the initial operation of medical devices. 
Methods for modular risk management and usability engineer-
ing of openly networked systems are being developed. A new 
type of (machine-readable) profile is being developed, that 
describes the medical device characteristics with regard to 
the Human-Machine Interface and therefore enables the safe 
usage of open networked device combinations. Furthermore, 
these results are incorporated into the SDC standardisation 
and transferred i.a. into a guidance document for manufactur-
ers within the conformity assessment (together with the in-
terest group of Notified Bodies in Germany).

Scalable Cloud Architecture for 
5G/6G RAN

Increasingly, intelligent systems are being deployed across 
healthcare and industrial domains, yet they often rely on 
self-contained, local architectures. To address this challenge, 
the research project CLOUD56 implements a private 5G 
campus and virtualized Radio Access Network infrastructure 
employing a hybrid edge-cloud concept. This approach deliv-
ers efficient, flexible, and scalable computational capabilities, 
accessible to both industrial and clinical use cases.
We developed multiple virtualized thoracic surgical assis-
tance applications that integrate high-resolution thoraco-
scopic imaging, audio data, and medical device information 
(e.g., SDC IEEE 13073 standard). These data streams are 
captured in the operating room and processed with ul-
tra-low latency on a common edge-cloud server setup. 
Consequently, applications such as lung-segment registra-
tion, anatomical detection, and surgical speech processing 
can be seamlessly introduced into existing OR setups, en-
hancing both efficiency and clinical outcomes.
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Becoming Mr Fetuin
Willi Jahnen-Dechent’s 25 years of history with fetu-
ins, a small family of proteins involved in the biology of 
interfaces

1989 – First heard of fetuin during a floor chat with Brad 
Bendiak, a fellow post-Doc at Melbourne Uni.
1990 – Upon return to the University of Mainz, Germany, 
was given the task to find out what α2-HS glycoprotein/ 
human fetuin-A, a ‘structure in search of a function’, was ac-
tually doing.
1990-1994 -- Made antibodies, cloned genes and synthe-
sized peptides to study the biosynthesis and processing of 
fetuin-A.
1996 – After many frustrating attempts to confirm pu-
blished ‘fetuin functions’ determined that it bound and 
stabilized calcium phosphate really well. 
was duely advised during a visit of Harry White in London 
that the two of them should never board the same plane, 
because crashing would mean the end of fetuin research… 
Harry is now an immunologist.
1997 – Cloning and targeted deletion of the mouse fetuin 
gene resulted in mild ectopic calcification.
1999 – Moved to RWTH Aachen. Combined Fetuin 
deficiency with the calcification-prone DBA/2 and calcifica-
tion-resistant genetic backgound C57BL/6.
2003 – Publication of the uniquely strong calcification 
phenotype of DBA/2 fetuin knockout mice, clinical re-
search on association of fetuin-A with mortality in dialysis 
patients, and structural basis of calcification inhibiti-
on. Cloning, expression and activity testing of fetuin-B, 
which turned the protein previously known as fetuin in-
to fetuin-A.
2005 – Published the phenotype of HRG, histidine-rich 
glycoprotein knockout, a distant fetuin relation with di-
stinct structure and functions in hemostasis/fibrinolysis, 
vasculogenesis and innate immunity all playing out during 
wound repair and cancer.
2008 – Concept of Mineral Chaperones stabilizing mineral 
as protein-mineral complexes thus aiding their matabolism 
an preventing calcification.
2011 – Physicochemical studies on the mechanism of pro-
tein-mineral binding and stabilization.
2012 – T50 assay measuring calcification propensity.
2013 – Demonstration that Fetuin-B is a metalloproteina-
se inhibitor regulating oocyte zona pellucida hardening and 
thus female fertility.
2016 – Transient knockdown of Fetuin-B levels by anti-
sense-oligonucleotide therapy is contraceptive.
2017 – Bone phenotype in non-calcifying C57BL/6 fetu-
in-A deficient mice is due to insufficient remodeling at the 
growth plate.
2018 -- Clearance and Biological Activity of Calciprotein 
Particles Depend on their maturation state.
2020 – Mud in the blood: the role of protein-mineral com-
plexes and extracellular vesicles in biomineralisation and 
calcification. Genetic explanation and therapeutic rescue 
of the uniquely strong calcification phenotype of DBA/2 fe-
tuin knockout mice.
2021 – Extrahepatic expression of fetuin-A and a mo-
re general role in tissue homeostasis. “It’s Time To Get 
Leave,” Says Fetuin-A to Calcium Phosphate, published in 
Frontiers for Young Minds
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