Chair of Medical Engineering

Faculty of Mechanical Engineering

Engineering
Science

and Innovation
for better
Health Care

Director

Univ.-Prof. Dr.-Ing. Klaus Radermacher

Vice Director
Dr.-Ing. Matias de la Fuente Klein

Helmholtz-Institute for Biomedical Engineering
Pauwelsstr. 20, D-52074 Aachen

Phone: +49 (0) 241 80-23870 (Secretary)
+49 (0) 241 80-23873 (Office)
Fax:  +49 (0) 241 80-22870
Email: meditec@hia.rwth-aachen.de
Web : http://www.meditec.hia.rwth-aachen.de

Staff

Al Hares, Ghaith, Dipl.-Ing. (SY) (Guest Scientist)
Al Hares, Ghaith, Dipl.-Ing. (SY) (Guest Scientist)
Alrawashdeh, Waleed, M.A. (Guest Scientist)
Asseln, Malte, Dipl.-Ing.
Benninghaus, Anne, M.Sc.
Chuembou Pekam, Fabrice, Dipl.-Ing. (Guest Scientist)
Danylkina, Yuliia, Trainee
Dell’Anna-Pudlik, Jasmin, Dipl.-Ing. (FH), M.Sc. (Guest
Scientist)
Dietz-Laursonn, Kristin, M.Sc.
Djahanbani, Shila, Trainee
Eschweiler, J6rg, Dr.-Ing., M.Sc.
(Team Leader Biomechanical Modelling and Simulation)
Fischer, Maximilian, Dipl.-Ing.
Fuente Klein, Matias de la, Dr.-Ing.
(Team Leader Planning & Navigation, Shockwaves)
Goffin, Christine, Dipl.-Ing. (Guest Scientist)
Habor, Daniel, Dipl.-Ing. (Team Leader Ultrasound)

Acquisition —
Information on Demand:
Medical Imaging & Sensors,
Signal & Image Processing &
Registration,
Medical Apps
Documentation:
.

Modellin
Knowledge Data Base for 9

Simulation&Planning -
urgery & Rehabilitation
trategies &Techniques,
Workflows &
Biomechanics

Training & Education,
Cost Efficiency &
Optimization

Integrated
- Patient Specific
Model Guided Surgical

Therapy
Integratio\
Assist on Demand: Smart Tools -

Secure Dynamic Networks Assist on Demand:
&lInteroperablity Smart Patient Specific
(Internet of Things & Human- Manufacturing, Smart
Technology-Interaction), Instruments, Devices &
Clinical Workflows & Implants, Navigation &
Surgical Monitoring Robotics

Quality & Risk Management
Research & Developmer’ Computer

Hanisch, Christoph, Dipl.-Ing.

(Team Leader Medical Image Processing)
Heger, Stefan, Prof. Dr.-Ing. (Guest Scientist)
Hsu, Juliana, M.Sc.

JanB, Armin, Dr.-Ing. (Team Leader Integration,

Risk Management & Usability Engineering)
Janzen, Marc, Trainee
Jeromin, Sabine, Dipl.-Ing.

Koch, Marco, Trainee
Lapa, Collins William, Trainee
Marotti GroBhausen, Juliana, DDS, M.Sc. (Guest Scientist)
Miiller, Meiko, Dipl.-Inform.
(Team Leader Smart Instruments and Robotics)
Niens, Marcel, Tool Mechanician
Niesche, Annegret, Dipl.-Ing.
Nowak, Miriam, M.Sc. (Guest Scientist)
Schleer, Philipp, M.Sc.
Siroros, Nad, M.Sc. (Guest Scientist)
Steinfelsner, Christopher, Dipl.-Wirt.-Ing. (Guest Scientist)
Stockschlader-Kriiger, Sabine, M.A.,
(Team Leader Administration)
Strathen, Benjamin, M.Sc.
Strake, Melanie, Dipl.-Math. (FH)
Theisgen, Lukas, M.Sc.
Verjans, Mark, M.Sc.
Vollborn, Thorsten, Dipl.-Ing. (Guest Scientist)
Vossel, Manuel, M.Sc.




K4
o
=
0
[
m
3
09,
3
o
o
3.
3
oa

Helmbholtz-Institute for Biomedical Engineering

RWTH Aachen University

Introduction

The main objective of our research activities is the devel-
opment of new approaches for efficient and smart health
care. In cooperative projects with national and interna-
tional partners from clinics, research and industry, the
topics range from basic research to application oriented
developments with the aim to find, validate and transfer
new solutions for clinical applications. However, in ma-
ny cases technical solutions remain worthless in a clini-
cal context without an in-depth understanding of related
boundary conditions, requirements, clinical processes and
workflows. Therefore, one major focus is the optimiza-
tion of clinical usability of complex human-technology sys-
tems by efficient integrated risk management and usability
engineering methods.

Actual trends towards personalized medicine (includ-
ing e.g. biomechanical modelling and patient specif-
ic implants) are based on modern technologies such as
3D-imaging or sensor technologies, image processing and
statistical morphological and functional modelling as well
as additive manufacturing technologies (“3D-printing”).
The numbers and complexity of technical components,
e.g. in the operating room, are rapidly increasing, which
requires the integration of smart communication con-
cepts and technologies as well as open medical networks
(“internet of things”).

In this context, our activities cover a wide range of topics
from feasibility studies to usability testing and clinical tri-
als e.g. in orthopedics, traumatology, neurosurgery, gener-
al surgery, interventional radiology and cardiology in close
cooperation with academic, clinical and industrial partners.
Current projects range from the acquisition, segmentation
and reconstruction of relevant information, its registra-
tion and integration for patient specific modelling and sim-
ulation, to adequate technical (software or mechatronic)
means for model guided therapy.

In 2016, the ORNET project on secure dynamic inte-
gration of modular OR-systems, a flagship project of the
German Ministry for Education and Research (BMBF) has
been officially concluded successfully with a symposium
and demonstrator presentation at the conhlT 2016 trade
fair and conference in Berlin. At the same time, continuity
and sustainability of the OR.NET project has been assured
by the successful acquisition of follow-up project grants as
well as by the foundation of charitable OR.NET associa-
tion by partners of the OR.NET project from industry, clin-
ics and research.

Based on the results of our initial BMBF project IDA
(Medical Technology Innovation Award 2008 of the
BMBF), members of the mediTEC team founded the
Whitesonics GmbH (www.whitesonic.com) and re-
ceived substantial funding of the Federal Ministry of
Economic Affairs and Energy (BMWi) and the High-Tech
Griinderfonds (HTGF) for the transfer of our basic re-
search and development of a dental ultrasound mi-
croscanner to its clinical application.

Additionally, various projects related to basic research is-
sues (e.g. funded by the German Research Foundation
(DFG)) as well as industrial co-operations in different

focus areas have been continued or started by our team.
International cooperations, publications of our research,
the market applications of products originally developed in
our lab as well as international patent applications contin-
uously confirm our general concept of combining basic as
well as problem oriented medical engineering research and
application development. Last but not least, this also pro-
vides a sound basis for the education of our students.
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Fig. 1: mediTEC-team members engaged in workshops,
field trips and public hands-on demonstrations.

We contribute to bachelor and master programs of differ-
ent faculties of the RWTH Aachen University, including the
coordination of the master program for general mechan-
ical engineering of the Faculty of Mechanical Engineering.
Apart from these educational programs and internships we
offer field trips and hands-on workshops to get young pu-
pils, students and future researchers hooked on the fasci-
nating field of medical engineering (Figure ).

The tight connection between actual research topics and
the theoretical as well as practical education of our stu-
dents from different disciplines and specialities is an essen-
tial basis for the success of our alumni in their international
industrial as well as academic careers.



Selected Projects

Modelling and Analysis of Shoulder
Biomechanics

Understanding biomechanics of the shoulder is essen-
tial to cope with current shoulder problems. To inves-
tigate shoulder biomechanics we developed an ex-vivo
shoulder-simulator. Our shoulder simulator comes with
an innovative “teach-in” function which allows us to in-
vestigate the behaviour of the shoulder in any assigned
free spatial movement without the need of EMG data or
external input. Moreover, the simulator allows us to con-
duct parameter studies and evaluation of various shoul-
der implant designs which shows very promising results.
The experimental results are also useful in the multi-
body in-silico simulations for shoulder model verification
or analysis. This could lead to a better understanding of
the shoulder behaviour and related innovative implant
concepts.
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Fig.2: Simplified schematic of the shoulder simulator.

Patient-specific Safe Zone in THA
In total hip arthroplasty procedures, standard values are of-

ten used for component positioning and orientation align-
ment. Despite high success rates, complications such as
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dislocations, wear and loosening still occur. They could be
reduced by considering patient-specific parameters. In this
project, a planning procedure based on the definition of a
so-called patient-specific safe zone will be developed. This
includes the consideration of anatomical as well as func-
tional parameters such as the required range of motion and
resulting hip forces. Furthermore, concepts for integrating
this process into the clinical workflow will be developed
and analysed.

Simulation of the Craniospinal Fluid
Mechanics

The craniospinal fluid (CSF) system is a very complex
part of the nervous system and until today its dynamics is
not fully understood. Since flow and pressure measure-
ments in the brain ventricles or the subarachnoid space
are highly invasive, it is inevitable to simulate the biome-
chanics of the fluid system in the context of parameter
studies and developments of innovative implant solu-
tions. Using simulation tools, such as MATLAB Simulink
or COMSOL Multiphysics®, enables us to reproduce
the CSF dynamics including the significant mechanisms:
compliance, vascular pulsation, CSF production and ab-
sorption. The gained knowledge about the CSF system
can be used to find alternative therapies for treating e.g.
normal pressure Hydrocephalus.

Fig. 4: FEM modelling of the
cranial compartment.

Parametrization of the Pelvis for Morpho-
functional Analysis

Total hip arthroplasty is the most frequently performed
artificial joint replacement in the human body. During the
planning phase it is necessary to identify anatomical pa-
rameters and landmarks to take the individual anatomy
and biomechanics of the patient into account. A manu-
al identification requires medical knowledge, is time-con-
suming and error-prone. Therefore, a robust, automatic
detection process is preferable and was developed to de-
termine patient specific parameters and landmarks of the
pelvic bone. This is the basis for sensitivity analysis re-
garding the correlation of morphologic and functional
parameters.
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Fig. 5: Automatic alignment, landmark detection and
acetabular analysis of a patient specific surface model of
the pelvis.

3D-US imaging of the Knee

There are numerous applications like biomechanical sim-
ulations or implant design and planning that need pa-
tient specific bone surface information. This information
is mostly extracted from CT data associated with ioniz-
ing radiation. Alternatives such as MRI are expensive or
suffer from distortions. Therefore, ultrasound is investi-
gated as an alternative imaging modality. It has a high res-
olution, is cheap, and it is widely available. Its drawbacks,
however, are a small field of view, acoustic shadowing,
and a low signal-to-noise ratio. Thus, established segmen-
tation algorithms do not work and new algorithms must
be developed.

Scanned
areas

Fig. 6: A clinician records 3D ultrasound data from the knee. The
probe, as well as the upper and lower leg are tracked.

We develop methods that allow clinicians to scan the knee
from various sides using a 3D ultrasound probe. The probe
is tracked as well as the upper and lower leg. A statistical
shape model trained from semi-automatically segmented
CT data is used to adapt to all ultrasound images. The en-
tire information is combined to reconstruct the bone sur-
faces. Current in-silico and in-vitro investigations are very
promising and yield reconstructions that deviate only in the
sub-millimetre range from the real geometry.

Fig. 7: Various parts of the bone are recorded with a 3D
ultrasound probe from different perspectives. The probe is
tracked as well as the bone.

[ Ground truth
[ Reconstruction

Fig. 8: The reconstruction of the femoral bone surface.

Enhanced Skin Regeneration by Shockwaves

Shockwaves are high intensity focused acoustic waves with
a high bandwidth from about 100 kHz to 100 MHz. They
are used in medicine for the treatment of several indica-
tions like the disintegration of kidney stones, bone growth
stimulation for non-unions and skin regeneration, especially
for diabetic ulcers. As the effective mechanisms are yet not
well understood, and shockwave treatment effectiveness for
some indications is not proven, most indications are still un-
der investigation.

Together with the Department of Dermatology and
Allergology (RWTH Aachen University Hospital) we inves-
tigate skin regeneration in-vitro. We use a 3D model which
consists of dermis and epidermis as well as the main der-
mal cell types. Thereby, it represents a functional model of
the skin with a realistic geometry and wound healing pro-
cess. The 3D model is wounded, then treated with shock-
waves and afterwards the histology and gene expression are
investigated.

For undisturbed and reproducible sound propagation to-
wards the cells, we developed an experimental setup. It
consists of the 3D skin model which is submerged in cell
culture fluid. A silicone insert was build, which fits on the
cell model and ensures the constant positioning of the fo-
cal point on the cells. Thereby, we achieve a reproducible
sound field reaching the cells, which gives us the possibili-
ty to correlate our sound field measurements with the bi-
ological results.
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SICOSI - Smart Impedance Controlled
Osteotomy Instrumentation

Cutting of bone tissue (osteotomy) is a frequently per-
formed surgical procedure which often carries the risk
of damaging sensitive soft tissue underneath the bone.
Especially the craniotomy and re-sternotomy, which are
standard surgical procedures to enable access to intra-cra-
nial or intra-thoracic structures respectively, carry a high
risk of causing serious damage on the vessels and me-
ninges which leads to worse surgical outcomes. Within
the SICOSI project (funded by the German Research
Association (DFG)) the feasibility of a novel hand guided,
sensor integrated instrument for craniotomies is investigat-
ed. To achieve better cutting results the concept is based
on a thin ceramic sawing blade equipped with electric con-
ductors to perform a live bioimpedance spectroscopy of
the treated bone during the operation to determine the
minimum required sawing depth. Results of simulations and
first laboratory trials suggest that the use of bioimpedance
measurements is practicable to build a system which auto-
matically adjusts to the minimum sawing depth during the
operation without the need for any additional imaging or
external sensor information
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Fig. 10: HiL simulation for cutting with bipolar saw blade.

Open Medical Devices and
Networks in OR and Clinic

IT-System

The coordination and conduction of the OR.NET project
on the open integration of OR-systems, a flagship pro-
ject of the Federal Ministry for Education and Research
(BMBF) with an overall budget of 18,5 M EUR (2012-
2016) and finally more than 100 project partners from
industry, research, clinics and associations has been a
major challenge in the last 4 years. The overall concepts
for integrated OR-systems is based on the open com-
munication standard IEEE 11073 and further established
standards. The extended medical device and service
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profile developed in OR.NET complement the standard-
ization activities in the OR.NET project especially re-
garding the ISO 11073 extensions for the data model and
especially for safety aspects of medical device communi-
cations. Medical Device User Interface Profiles (MDUIP)
have been developed in order to extend the technical
device profile, enabling an automatic optimized selection
and composition of various user interfaces and an inte-
grated human risk analysis in terms of quality assurance
in human-machine interaction.

On this basis we developed a surgical workstation with an
integrated graphical user interface including numerous de-
vice panels (e.g. 3D X-ray C-arm, OR-table, high-frequency
cutting devices, endoscopic devices and ultrasound-cutting
device). In conventional operating rooms, e.g. in neuro-
surgery, up to |0 foot switches are used to operate dif-
ferent devices. Unintentional displacement or confusion
of footswitches may cause serious adverse events. In con-
trast, the OR.NET demonstrator system includes a uni-
versal footswitch optionally integrated onto a motorized
positioning platform for the surgeon. Usability evaluations
in cooperation with industrial and clinical partners showed
very promising results.

Fig. 11: Prototype of the Universal Footswitch.

Moreover, the integrated system enables direct access
to clinical KIS and PACS systems. The alarm concept and
surgical workflow navigation provide the OR team with
valuable information, surgical checklists and surgical mon-
itoring features.

Fig. 12: Graphical user interface of surgical workstation.

The final OR.NET demonstrator system has been success-
fully presented on the conhlT (Connecting Health Care IT)
conference and exhibition in April 2016 in Berlin. Together
with OR.NET partners, sustainability of the project work
and continuing research and development will be assured
by the OR.NET association founded in March 2016 (for
more information: www.ornet.org) and the follow-up pro-
ject ZiMT funded by the European Regional Development
Fund (EFRE) and the State of North-Rhine-Westphalia

(NRW)
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Fig. 13: OR.NET demonstrator on the conhlT exhibition
2016, Berlin.

SEBARES - Self balancing rescue aid

Annually in Germany 10 Million patients are transported
by emergency services. In a great number of cases the pa-
tients have to be transported over stairs, which is associat-
ed with enormous physical effort for the paramedics and
longer mission times. Currently available rescue aids are
often unsuitable because of structural circumstances, lack
of dynamism or insufficient compactness. Because of this
in most of the cases the paramedics have to carry the pa-
tients’ weight resulting in an increasing rate of work-related
injuries and premature incapacity to work. In combination
with an increasing rate of obese patients the transport is a
rising problem for emergency services.

In the context of the project SEBARES a novel mechatronic
rescue and transport aid is under development. An innova-
tive self-balancing concept enables high mobility, compact-
ness and speed for the transport of patients via staircases.
Together with a compact patient chair and a docking in-
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