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EDITORIAL
Editorial
Ein weiteres Jahr geprägt von Corona liegt hinter uns.
Wir haben uns mittlerweile daran gewöhnt
vorwiegend von zuhause zu Arbeiten. In diesem
Zusammenhang ein großes Lob auch für die
Solidarität beim Impfen – wir haben 100% Impfrate!
Was hat sich sonst dieses Jahr getan? Ein wesentlicher
Schritt der Sichtbarmachung der Zusammenarbeit
meiner beiden Gruppen war die Etablierung des
neuen interuniversitäteren Biomechanik Labors - kurz
IUBL ausgesprochen als „JUBEL“. Gemeinsame
Meetings, Aktivitäten und Kollaborationswebspace
folgten. Ein weiteres Highlight, nach 5 Jahren Aufbau
in Krems hat die erste PhD Studentin – Sarah Jane
Estermann – erfolgreich ihr PhD Studium mit
Auszeichnung abgeschlossen! Aber auch alle
Teammitglieder waren fleißig, sowohl in Wissenschaft
als auch Administration, und haben einen
entsprechenden Anteil an unserem Erfolg. Ein Danke
an alle für ihren Einsatz!

Another year marked by Corona lies behind us. In the
meantime, we have become used to working mainly
from home. In this context, I would also like to praise
the solidarity in vaccinating - we have a 100%
vaccination rate!
What else has happened this year? A major step in
making the collaboration between two groups more
visible was the establishment of the new interuniversity biomechanics laboratory - IUBL for short,
pronounced "JUBEL". Joint meetings, activities, and a
collaboration webspace was established. Another
highlight, after 5 years of setting up the group in
Krems, the first PhD student - Sarah Jane Estermann successfully completed her PhD studies with
distinction! But all team members have also been hard
working, both in science and administration, and have
played their part in our success. Thanks to all of them
for their commitment!

Dieter H. Pahr
Head of IUBL

© KL/Pahr
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Personal and Infrastructure
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IUBL Web Space
Our new internal and external collaboration space can be found here https://colab.tuwien.ac.at/display/IUBL.

© colab.tuwien.ac.at/display/IUBL
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BMLab (Biomechanics Laboratory) @ KL

© colab.tuwien.ac.at/display/IUBL

The COVID19 pandemic lead continuous challenges in the operation of the BMLAB. Apart from its full shutdown in
March 2020, the lab stayed operational the rest of 2020 and 2021, albeit with strict safety measures in place.
Depending on the incidence numbers, the lab was either fully open or access was restricted to limit the number of
people working simultaneously in the lab to reduce the infection risk.
In terms of machines, a few minor acquisitions and adaptations took place in the BMLAB in 2021, which are listed in
the following:
Prusa i3 MK3S

A second FDM printer of the type Prusa i3
MK3S was acquired to meet the increasing
demand of fast production of prototypes and
parts for the daily lab work. In addition to
that, bone surrogates of proximal femurs
were printed in the course of a master
project, conducted by Katharina Nägl.
The Prusa i3 MK3S is a fused deposition
modelling printer (FDM) capable of printing
with different thermoplastic filaments such
as PLA, PET, ABS, etc. The maximum print
volume is 25×21×21 cm and the layer height
can range between 0.05 - 0.35 mm.
© www.prusa3d.com

Inhouse
MicroCT
Loading Stage

© KL/Warnung

A custom-made loading stage for the Skyscan
1173 MicroCT scanner was developed and
manufactured in the BMLAB. The new
MicroCT loading stage is able to test small
bone samples in combination to computer
tomography imaging. A diameter of 8 mm
and a length between 5 and 10 mm defines
the geometry of the samples, and the
maximum load is 1 kN. The force signal can
be logged via Bluetooth on a mobile phone
during the scan and the loading steps can be
applied with a stepper motor between the
scans.

The complete lab equipment can be found under bmlab.kl.ac.at.
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Teaching
LINE Biomedical Physics “BMP” 2021/22
Due to the ongoing “COVID19” pandemic situation, most of the BMP-Line courses in 2021/22
still had to be held in a distance learning mode.

Last year for “LINE Biomedical Engineering (BME)”
Starting with the winter semester 2020/21, the bachelor's study "Health Science" was
amended to the "Medical Science" study. In course of that, the line “Biomedical engineering”
was renamed to “Biomedical Physics”. In the current study year 2021/22 the last students
will complete the old “Health Science” bachelors study.
© KL/A Reischer

Study Year 1:
•

Mathematics for Medical Sciences
Victoria Fiedler, Hanns Amri, PhDs (Victoria Fiedler, Katharina Nägl, Alexandre Schmitt)

•

Mechanics, Solids & Fluids (Physics I)
Dieter Pahr, Andreas Reisinger, Hanns Amri, PhDs (Alexandre Schmitt, Katharina Nägl, Lena Wurzinger)

•

Thermodynamics (Physics II)
Hanns Amri, Andreas Auer, PhDs (Juan Diego Silva Henao, Othniel Aryeetey)

Study Year 2:
•

Electricity and DC Circuits (Physics III)
Matthias Krenn, PhD (Othniel Aryeetey)

•

Sounds & Optics (Physics IV)
Melanie Todt, Christian Bilik, PhDs (Juan Diego Silva Henao, Othniel Aryeetey)

•

Radiation & Health (Physics V)
Markus Stock, Julia Lechner, Christoph Resl, Carola Lütgendorf-Caucig

•

Elective Biomedical Engineering with LEGO Mindstorms
Dieter Pahr, Andreas Reisinger, PhDs (Lena Wurzinger, Juan Diego Silva Henao)

Study Year 3: (Line BME – BA Health Science)
•

Virtual Human in the context of Musculoskeletal Diseases (Biomedical Engineering II)
Dieter Pahr, Andreas Synek, Andreas Reisinger, PhDs (Alexandre Schmitt, Victoria Fiedler)

BMP-LINE Examination
Within the “BME line exams” all courses of the line “Biomedical Engineering” are be examined. The line exams of the
academic year 2020/21 took place from February to September 2021 and were held in presence at the KL with strict
hygienic safety measures in place.
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Research
Journal Article
Stipsitz, M., Zysset, P.K. & Pahr, D.H., 2021. Prediction of the Inelastic Behaviour of Radius Segments: Damage-based
Nonlinear Micro Finite Element Simulation vs Pistoia Criterion. Journal of biomechanics, 116, S.110205.
DOI: 10.1016/j.jbiomech.2020.110205
Synek, A., Baumbach, S.F. & Pahr, D.H., 2021. Towards optimization of volar plate fixations of distal radius fractures:
Using finite element analyses to reduce the number of screws. Clinical biomechanics, 82, S.105272.
DOI: 10.1016/j.clinbiomech.2021.105272
Estermann, S.-J., Förster-Streffleur, S., Hirtler, L., Streicher, J., Pahr, D.H. & Reisinger, A., 2021. Comparison of Thiel
preserved, fresh human, and animal liver tissue in terms of mechanical properties. Annals of anatomy =
Anatomischer Anzeiger: official organ of the Anatomische Gesellschaft, 236, S.151717.
DOI: 10.1016/j.aanat.2021.151717
Frank, M., Grabos, A., Reisinger, A., Burr, D.B., Pahr, D.H., Allen, M.R. & Thurner, P.J., 2021. Effects of anti-resorptive
treatment on the material properties of individual canine trabeculae in cyclic tensile tests. Bone, S.115995.
DOI: 10.1016/j.bone.2021.115995
Reisinger, A., Pahr, D.H., Frank, M. & Thurner, P.J., 2021. Effects of Osteoporosis on Bone Morphometry and Material
Properties of Individual Human Trabeculae in the Femoral Head. JBMR Plus, n/a(n/a), S.e10503.
DOI: https://doi.org/10.1002/jbm4.10503
Steiner, L., Synek, A. & Pahr, D.H., 2021. Femoral strength can be predicted from 2D projections using a 3D statistical
deformation and texture model with finite element analysis. Medical engineering & physics, 93, S.72-82.
DOI: 10.1016/j.medengphy.2021.05.012
Amraish, N., Reisinger, A. & Pahr, D.H., 2021. A novel specimen shape for measurement of linear strain fields by
means of digital image correlation. Scientific reports, 11(1), S.17515.
DOI: 10.1038/s41598-021-97085-x
Amini, M., Reisinger, A., Hirtler, L. & Pahr, D.H., 2021. Which experimental procedures influence the apparent
proximal femoral stiffness? A parametric study. BMC Musculoskeletal Disorders, 22(1), S.815.
DOI: 10.1186/s12891-021-04656-0
Estermann, S.-J., Pahr, D.H. & Reisinger, A., 2021. Material design of soft biological tissue replicas using viscoelastic
micromechanical modelling. Journal of the mechanical behavior of biomedical materials, 125, S.104875.
DOI: 10.1016/j.jmbbm.2021.104875
Jeyakumar, V., Amraish, N., Niculescu-Morsza, E., Bauer, C., Pahr, D.H. & Nehrer, S., 2021. Decellularized Cartilage
Extracellular Matrix Incorporated Silk Fibroin Hybrid Scaffolds for Endochondral Ossification Mediated Bone
Regeneration. International journal of molecular sciences, 22(8).
DOI: 10.3390/ijms22084055
Jaksa, L., Pahr, D.H., Kronreif, G. & Lorenz, A., 2021. Development of a Multi-Material 3D Printer for Functional
Anatomic Models. International Journal of Bioprinting, 7(4), S.420.
DOI: 10.18063/ijb.v7i4.420
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Ovesy, M., Silva-Henao, J.D., Fletcher, J.W.A., Gueorguiev, B., Zysset, P.K. & Varga, P., 2021. Non-linear explicit microFE models accurately predict axial pull-out force of cortical screws in human tibial cortical bone. Journal of the
mechanical behavior of biomedical materials, 126, S.105002.
DOI: 10.1016/j.jmbbm.2021.105002
Aryeetey, O.J., Frank, M., Lorenz, A., Estermann, S.-J., Reisinger, A. & Pahr, D.H., 2021. A parameter reduced adaptive
quasi-linear viscoelastic model for soft biological tissue in uniaxial tension. Journal of the Mechanical Behavior of
Biomedical Materials, S.104999.
DOI: https://doi.org/10.1016/j.jmbbm.2021.104999

Conference Paper
Stipsitz, M., Zysset, P.K. & Pahr, D.H., 2021. Influence of stress redistributions in Î¼FEA on the predicted failure load
of radius segments. In 26th Congress of the European Society of Biomechanics. 11.-14.07.2021. Milan, Italy.
Amraish, N., Reisinger, A. & Pahr, D.H., 2021. Measurement of linear strain fields by means of digital image
correlation. In 26th Congress of the European Society of Biomechanics. 11.-14.07.2021. Milan, Italy.
Aryeetey, O.J., Frank, M. & Pahr, D.H., 2021. Reduced parameter adaptive quasi-linear viscoelastic (AQLV) model of
soft biological tissue. In 26th Congress of the European Society of Biomechanics. 11.-14.07.2021. Milan, Italy.
Synek, A., Baumbach, S.F. & Pahr, D.H., 2021. Towards optimization of plate fracture fixations at the distal radius:
Using FEA to reduce the number of screws. In 26th Congress of the European Society of Biomechanics. 11.14.07.2021. Milan, Italy.
Frank, M., Aryeetey, O.J. & Pahr, D.H., 2021. Usage of the Abaqus – Adaptive quasi-linear viscoelastic model for
arbitrary load prediction. In 26th Congress of the European Society of Biomechanics. 11.-14.07.2021. Milan, Italy.
Estermann, S.-J., Förster-Streffleur, S., Hirtler, L., Streicher, J., Pahr, D.H. & Reisinger, A., 2021. Viscoelastic properties
of human liver: influence of Thiel preservation and comparison with animal tissue. In 26th Congress of the European
Society of Biomechanics. 11.-14.07.2021. Milan, Italy.
Silva-Henao, J.D., Pahr, D.H. & Reisinger, A., 2021. Bone sample selection for screw mechanical testing based on periimplant CT morphometry. In 26th Congress of the European Society of Biomechanics. 2021. Milan, Italy.
Bachmann, S., Synek, A. & Pahr, D.H., 2021. Presentation: A novel method for quantitative and statistical comparison
of local differences in bone morphometry. In CMBBE 2021: 17th International Symposium on Computer Methods in
Biomechanics and Biomedical Engineering. 07.-09.09.2021. Online.
Haendel, M., Stelzer, S., Einwoegerer, T., Grebe, A., Gunz, P., Neubauer, S., Pahr, D.H., Simon, U. & Teschler-Nicola,
M., 2021. Presentation: Digitisation and reconstruction of the burial of newborn twins from the Gravettian site
Krems-Wachtberg. In UISPP. 02.-07.09.2021. Meknès (Online).
Synek, A., Baumbach, S.F. & Pahr, D.H., 2021. Presentation: Towards optimization of volar plate fixations of distal
radius fractures: Using finite element analyses to reduce the number of screws. In 29th Annual Meeting of the
European Orthopaedic Research Society. 15.-17.09.2021. Rome, Italy.
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TOWARDS OPTIMIZATION OF PLATE FRACTURE FIXATIONS AT THE DISTAL RADIUS: USING FINITE ELEMENT
ANALYSIS TO REDUCE THE NUMBER OF SCREWS
Alexander Synek (1), Sebastian F. Baumbach (2) Dieter H. Pahr (1,3)
1. Institute of Lightweight Design and Structural Biomechanics, TU-Wien, Austria;
2. Department of General, Trauma and Reconstructive Surgery, LMU Munich, Munich, Germany
3. Division Biomechanics, Karl Landsteiner Private University, Krems, Austria

Introduction
Finite element analysis (FEA) has proven useful to predict the
biomechanical behavior of intact bone and bone-implant
constructs [1]. A potential benefit of FEA is that bone-implant
constructs could be optimized by testing a very large number
of different implant configurations. A major drawback is that
generating models with sufficient level of detail often
requires manual intervention, which limits the number of
implant configurations that can be tested. Here, we use a
previously developed FEA workflow to automatically vary the
number of screws used in plated distal radius fractures (DRF)
and investigate if fewer screws could be used, as this would
save treatment costs and reduce complications. In particular,
the effect of the number of screws in volarly plated DRF on
(1) axial stiffness and (2) peri-implant principal strains shall be
evaluated.

Results
Axial Stiffness (Fig. 2, left): Removing even three screws
resulted in only ~11% reduction of stiffness in the subjectspecific best configuration, but up to ~46% reduction of
stiffness in the worst configuration.
Peri-implant strains (Fig. 2, right): In the best configurations,
removing screws even reduced the peri-implant strains (up to
~35% reduction). In the worst configurations and with three
removed screws, peri-implant strains were increased by
more than 100%.
Interestingly, the configurations leading to the largest axial
stiffness were not consistent with the configurations leading
to the lowest peri-implant strains.

Methods
16 subject-specific FEA models of plated DRFs were created
following a previous study [1]: High resolution computed
tomography scans of the intact bones were used to obtain
bone geometry and local bone density, and AO23-A3
fractures treated with volar locking plates with 6 distal screws
were created virtually (Fig. 1). These models were previously
compared to experimental data [1] (Stiffness FEA vs.
experiment: R2= 0.8) and served as the baseline for this study.
41 different implant configurations were created for each of
the 16 subject specific models and loaded with an axial force
of 100N. The configurations comprised all possibilities for
removing 1 to 3 distal screws from the implant system (Fig.
1). Two biomechanical parameters were assessed for each of
the resulting 41*16=656 FEA models: (1) Axial stiffness to
quantify resistance against quasi-static external loading and
(2) compressive principal strains, averaged in the periimplant region around the distal screws, as a surrogate for
the number of load cycles to failure [2].

Figure 2: Relative axial stiffness (1) and relative peri-implant
strains (2) after removing 1 to 3 screws. Error bars indicate the
inter-subject standard deviation (n=16). Insets show the most
frequent best/worst configurations across subjects.
Discussion & Conclusion
The results showed that not only how many, but also which
screws are used in volarly plated DRFs is critical for its
biomechanical
behavior.
The
fact
that
different
biomechanical parameters suggest different “optimal” screw
configurations might in part explain conflicting results of
previous biomechanical studies [3,4] and highlights the need
for a more complex optimization procedure taking multiple
output parameters into account. While this study highlights
the potential of FEA to optimize fracture treatments, several
challenges remain to be addressed prior to clinical
application, including implementation of non-linear behavior
of materials and interfaces as well as more realistic boundary
conditions.
References

Figure 1: Study outline

Seite 10

1.
2.
3.
4.

Synek et al., J Biomech, 48:4116-4123, 2015
Varga et al., J Mech Behav Biomed Mater, 75:68-74, 2017
Drobetz et al., Injury, 44:535-9, 2013
Crosby et al., J. Hand Surg., 38:1097-105, 2013

Annual Report 2021

RESEARCH
ESTIMATION OF VISCOUS DISSIPATED ENERGY BASED ON THE ADAPTIVE QUASI-LINEAR VISCOELASTIC MODEL
FOR FRACTURE TOUGHNESS DETERMINATION IN SOFT COLLAGENOUS TISSUES
Othniel James Aryeetey (1,2), Martin Frank (1), Andrea Lorenz (3), Dieter H. Pahr (1,2)
1. Division Biomechanics, Karl Landsteiner Private University, Krems, Austria
2. Institute of Lightweight Design and Structural Biomechanics, TU-Wien, Vienna, Austria
3. Austrian Center for Medical Innovation and Technology (ACMIT), Wiener Neustadt, Austria

Introduction
An understanding of failure mechanisms in soft biological
tissue is vital in medical issues such as rupture of fetal
membranes and injuries to skin, muscle, and tendon during
sporting activities. Fracture toughness determination in soft
collagenous tissues (SCT) is often modelled as an interchange
between the work done to overcome internal strain energy of
the tissue (viscous energy) and the irreversible work done to
propagate a defect (fracture energy). Conventionally, the
viscous energy is determined on unnotched samples
experimentally and after notching the fracture toughness can
be calculated, based on the increase in dissipated energy. We
hypothesized that the adaptive quasi-linear viscoelastic
(AQLV) model [1] is able to predict the viscous energy of
unnotched samples properly and hence, enable reasonable
fracture toughness determination by modelling.

dissipated energy ratio obtained from experimental stress
strain curves was 0.24 ±0.04, compared to 0.28 ± 0.03 for the
AQLV model for unnotched samples. The mean fracture
toughness obtained from experimental approach was 0.84 ±
0.80 kJ/m-2 and 0.71 ± 0.76 kJ/m-2for the AQLV model
approach which were not significantly different (p=0.87).

Methods / Materials
Notched and unnotched (8 each) porcine muscle tissue
samples were tested under triangular wave excitation and
hysteresis energy was determined with and without crack
propagation. The AQLV model was extended to describe
hysteresis, and material parameters obtained for porcine
muscle tissue from a previous study on ramp-hold tests [2]
were applied to unnotched strain data to determine
dissipated energy ratio (UD). In more detail, the stress values
obtained from the AQLV model were rescaled to the peaks
from the experiments. Fracture toughness was determined
based on experimentally and analytically determined UD from
notched samples.

Figure 2: Plots showing the distribution of UD per cycle for A)
unnotched samples r and C) notched samples (boxes colour
coded for median). Further plots show B) UD and D) fracture
toughness from experiment and AQLV)
Discussion & Conclusion
It was observed that the viscous dissipated energy remains
relatively constant with increasing strain levels (Fig. 2A) and
hence could be viewed as a material constant. The viscous
dissipated energy could be reasonably described with the
AQLV model (Fig. 2B). Further, fracture toughness values
computed via experimental or AQLV were not significantly
different. These results enable the isolation of fracture
terms and will aid in describing complex fracture behaviour
which is relevant for medical applications, such as rupture of
tissue in injuries or surgical procedures.
References
1.
2.

Figure 1: Study design showing the workflow of experimental
and analytical approaches applied in the study.
Results
The distribution of UD for notched and unnotched samples
per cycle is shown in Fig.2A and 2C, respectively. The mean
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Aryeetey et al., J Mechanical Behavior of Biomedical
Materials, 126 ,104999, 2022
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BIOMECHANICAL FAILURE BEHAVIOUR OF 3D PRINTED FEMORAL BONES COMPARED TO ARTIFICIAL AND
HUMAN BONES
Katharina Nägl (1,2), Andreas Reisinger (1,2), Dieter H. Pahr (1,2)
1. Division Biomechanics, Karl Landsteiner University of Health Sciences, Krems, Austria
2. Institute of Lightweight Design and Structural Biomechanics, TU Wien, Vienna, Austria

Introduction
The limited amount of human tissue donors makes it
organizationally hard to investigate the biomechanical
behavior of human femoral bones. To circumvent the
problem, artificial bones are often used [1]. Currently a broad
range of different casted artificial bones are commercially
available, ranging from polyurethane-based foam models to
more complex composite materials. However, these models
are only generic representations of the geometry and the
biomechanical behavior of human bones. In previous studies,
fused deposition modelling (FDM) was successfully used to
mimic natural bones [2]. The aim of this study was to use 3D
printing for the fabrication of artificial human femoral bones
with biomechanical behavior resembling that of their real
counterparts. One group of samples is based on the
geometry and infill properties of commercial artificial femurs
to validate and optimize the process. For the second group,
patient specific computed tomography scans (CT-scans) were
used for the geometry. All printed bones are then
mechanically tested and compared to their geometrical
analogue commercial and human donor bone.

After FDM printing, compression tests are performed (Figure
1 B) such as to resemble a stance position and loaded until
failure. Overall, four different commercial bones - Orthobone
(OB) and Orthobone_Standard (OBS) from 3B Scientific
GmbH, SYNBONE® (SYN) from SYNBONE AG, SAWBONE®
(SAW) from A Pacific Research Company - and three human
bones from a previous study were used. They showed
different bone densities where Femur 1/2/3 corresponds to
high/medium/low bone density.
Results
The average FDM printing time was 15 hours. Figure 2A
shows the ultimate loading forces of the commercial (red)
compared to the 3D printed samples (green). Figure 2B shows
results from human femoral bones (blue) in comparison to
the 3D printed bones (green).

Methods
Initially, CT-scans of commercial and donor bones were
performed to obtain 3D representations. Spongiosa and
cortex were separated using medtool 4.5 (Dr. Pahr Ingenieurs
e.U., Pfaffstätten, Ausria) allowing for the replacement of the
spongiosa with a specific infill pattern (Figure 1 A). The
mechanically correct infill density was obtained from a side
study.

Figure 2: (A) Comparison of the ultimate loading force of
commercial (red) and 3D printed bones (green) (B) comparison
of the ultimate loading force of donor (blue) and 3D printed
bones (green)
Discussion
Ultimate forces showed that FDM printing can be used as
quick and comparable cheap method to manufacture
artificial femoral bones. The 3D printed samples endure
more ultimate load in comparison to polyurethane based
commercial bones. Only the composite bone (Figure 2A SAW)
withstands more load. Furthermore, FDM printed samples
also closely resemble the mechanical properties of genuine
samples, especially if the bone density of the femur is lower
(Figure 2B Femur 2 and 3). These results show that 3D
printing could be a feasible method to fabricate bone
samples in the own lab which closely resembling the
biomechanical behavior of human femurs.
References

Figure 1: (A) shows the printing process of one femur (B)
biomechanical test set-up, stance load case

1.
2.
3.
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NEW INSIGHTS INTO HIGH-RESOLUTION STRAIN FIELDS OF TRABECULAR BONE USING DIGITAL IMAGE
CORRELATION
Nedaa Amraish (1,2), Dieter H. Pahr (1,2)
1. Division Biomechanics, Karl Landsteiner Private University, Krems, Austria
2. Institute of Lightweight Design and Structural Biomechanics, TU-Wien, Vienna, Austria

Introduction
Trabecular bone structures consist of rods and plates [1]. The
reduction in bone volume to total volume is a thinning of this
network and leads to a higher slenderness ratio, which could
cause the trabecula to fail under buckling if it reaches a
critical value [2, 3]. The aims of this study were to (a) obtain
high resolution full-field strain fields of the trabecular
network using DIC and (b) investigate the correlation
between the local strain magnitudes on the trabecula level
and its orientation.
Methods / Materials
Six cubes of trabecular bone samples (8x8x8 mm3) were cut
from the distal femoral epiphyses of bovine bone. The
specimens were subjected to a cyclic (ramp and hold)
compression load using a Zwick machine. During the test, 2D
high-resolution images (6µm) of the cut surface were
captured. Three types of strains are measured. The global
strain is computed as the length change of the virtual
extensometer divided per its original length, see Fig 1. The
local strain is the length change of each trabecula divided by
its original length, and the facet strain is the strain computed
on the surface of the trabecula. The facet strain (in x,y) was
transformed onto a new axis (x’,y’) which is inclined from the
original y-axes at an angle Φ and points along the axis of the
network.

Figure 2: Full-field surface strain (±2%) at 2% global strain
(big pictures) as well as facet and local strain over time
(small pictures).
This study showed that strain magnification is not prominent
for all trabeculae, see Fig 3. No significant correlation was
found between the local strain of trabecula and its
orientation.

Figure 3: The global strain obtained from the virtual
extensometer (in black) and the local strain for difference
trabeculae rods (solid colours) and plates (dashed line).
Colours indicate the inclination angle in °.
Conclusion

Figure 1: Strain analysis
Results
The global strain obtained from the virtual extensometer is
plotted in Fig 3 (black line) The measured noise evaluated at
the first five stages captured at zero-strain. Overall, the noise
was less than 100 µstrain. High resolution full-field strain
maps were obtained on the surface of trabecular specimens,
see Fig 2. Seven trabeculae were selected (2 rods and 5
plates), the orientation angle of these trabeculae ranges
between 5.66° and 83.81°.

Seite 13

This study showed that with high resolution images, it was
possible to obtain 2D full-field strain maps of single trabecula
within the trabecular network. These maps give a unique
insight into the mechanical response at this length scale and
can be used to validate non-linear simulation models.
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Introduction
Bone is a remarkable, living tissue that functionally adapts to
external loading. Therefore, bone (outer) shape and internal
structure carry information relevant to many disciplines,
including medicine, forensic science, and anthropology.
However, morphometric comparisons of homologous
regions across different individuals or groups are still
challenging. Methods such as holistic morphometric analysis
(HMA) can be used to qualitatively show morphometric
measures over the whole bone volume by mapping them
onto finite element meshes [1], [2]. However, there was no
method to quantify these measures yet. Therefore, the aim
of this project was to allow quantification using HMA by the
help of a statistical deformation model (SDM) [3] which allows
for the creation of a canonical bone, onto which all results can
be mapped and compared to. Hence, the new, improved
method is called canonical HMA (cHMA).

2.
3.

30 Proximal femora of recent Homo sapiens, Gorilla
gorilla (Gg), Pan troglodytes
18 Distal radii of Homo sapiens

The three samples were chosen in such a way to show know
differences and similarities between species (set 1 and 2) as
well as between sexes and age (set 3).
Results
In the Mc1 dataset (set 1), the cHMA showed the expected
similarities between the two Pan species, and differences
between both Pan species to Hs. Additionally, to the known
differences, a medullary cavity filling could be observed in
Pan, which was absent in Hs. Mean density maps as well as
statistically significant differences between the species can
be seen in Fig. 2.

Methods
The first step in the cHMA workflow is to create a canonical
bone from the given set of bones. An SDM facilitates the
creation of such a model by rigidly and free-form-deforming
the bones; morphing them into a common shape and
texture. In the second step, this canonical bone is meshed, to
create a common mesh which is required for the HMA
method. To get to individual meshes for each bone, the
canonical mesh is morphed using the inverted
transformation, previously gained in the SDM workflow. This
mesh-morphing step produces iso-topological meshes, i.e.,
they share the same topology and thus can be compared
element-wise. Finally, the existing HMA workflow can be
applied to the original image and the morphed mesh.
Statistical tests can then be applied to each element to test
for significant differences between individual samples or
even species. Due to the large multiple-testing, the tests have
to be corrected, for example using FWER-control. An overview
of the whole method can be seen in Fig. 1.

Figure 2: mean density maps of Mc1 per species as well as
significant differences between the species.
The signal in the proximal femur samples (set 2) was not as
clear as for the Mc1. A “pillar structure” in the femoral head,
as previously described qualitatively, could only be confirmed
partially with the new, quantitative tools provided through
cHMA.
The distal radius sample (set 3) showed known patterns of
ageing, i.e., a bone loss, and systematic differences between
the sexes, i.e., men had more density on average than
women.
Discussion
The newly developed method was able to show and quantify
differences and similarities between species, ages, or sex in
various bones, that are in line with previously reported,
qualitative observations. The pillar structure in the femoral
head could only be partially confirmed, however using
multivariate statistics (PCA) it was possible to show that there
was indeed a difference between the species. The here
proposed workflow provides a new way to quantify the
differences between individuals or sets of samples and it was
already successfully applied to a variety of different bones.
References
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Figure 1: Graphical overview of the new cHMA workflow
To test the model, three different bone samples were used:
1.
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Introduction / Background / Aims of the project

Primary implant stability is critical for subsequent
osseointegration and in consequence implant success [1].
Generally speaking, stiffness of the bone-implant construct is
commonly used to assess primary implant stability [2]
however, the definition of screw failure or loosening is
varying. The aim of this study is to quantify the holding
capacity of implanted bone screws under cyclic loading
conditions and to define a failure point based on the
progressive degradation of the mechanical properties due to
overloading. For this, a custom-made test set-up which
progressively loads an implanted screw in different
orientations is used to record force and displacement data.

Figure 4. Loading cycles (blue) measured by the test set-up. The
enveloping curve, i.e., peak force vs displacement in every cycle
can be seen in orange.
The following figure shows the stiffness degradation as
function of displacement in every cycle.

Methods / Materials
Testing is done on a quasi-static loading machine using an inhouse designed testing set-up (Figure 3).

Screw
Sample

Figure 5. Stiffness degradation calculated for the sample.
Screw
Clamp
Sample holder

Figure 3. Designed test set-up. A digital render is shown to the
right to better depict how the screw/sample is held in place.
The test set-up allows to mechanically load an implanted
screw on the following configurations:
Axial pull-out and push-in
Pull-out and push-in at a 45° inclination and 3
simulated plate elevations
Transversal loading at an inclination of 90° and 3
simulated plate elevations
The loading sequence consist of two separate phases. First, a
preconditioning phase of 20 cycles with amplitude of 15 N at
a rate of 5 N/s. Next, a loading phase consisting of cyclic
loading starting at 15 N peak load which increases by 1 N in
every cycle and returns to 15 N; samples are tested until
failure at a rate of 5 N/s. A custom-made python script was
developed to calculate the degradation of the stiffness
(Damage, referred to as “1-D”) measured in every cycle.

Discussion / Conclusion /Summary
The present testing method allows to test orthopaedic screws
in conditions that mimic anatomical loading scenarios.
Preliminary results suggest that, at the point of failure, the
stiffness of the construct has degraded by ~40% which
coincides with what other authors have pointed out [2]. This
information could help identify the failure load in a clinical (in
vivo) sense, attributed to loosening by identifying a point
where the stiffness of the construct rapidly deteriorates, This
point, as it can be seen in Figure 5 could be drastically lower
than the ultimate load.
References
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Results / Recent Advances/ Future Directions
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Introduction / Background / Aims of the project
In 2005, neonate remains of the oldest dated genetically
determined identical twins (ind1 and ind2) [1] were
discovered at the Gravettian site of Krems-Wachtberg,
Krems/Danube, Lower Austria [2] dated to ~31,600 cal BP [3].
The infants were adorned with ivory beads, embedded in red
ochre, and covered by a mammoth scapula. Initially
recovered as a block, the skeletal remains were excavated in
the lab in 2015, continuously generating structured-light 3D
surface scans to document each step of the bones' exposure
together with their exact position.
In this interdisciplinary pilot study, we aimed at digitizing the
left hand and the cranium of ind2; recreating their find
situation, and reconstructing the anatomical shape of the
cranium.
Methods / Materials
To digitise the human remains, a SkyScan 1173 µCT scanner
at the Division of Biomechanics of the Core Facility Campus
Krems, Austria, was used. The bones were virtually cleaned
from the remaining sediment using semi-automatic
segmentation
tools
implemented
in
3D
slicer
(www.slicer.org). To reconstruct the find situation of the left
and the cranium, the generated surface models are
registered to the surface scans that were made during the
2015 excavation using the software Meshlab [4]. After a
rough alignment by hand, an Iterative Closest Point Algorithm
was used to find the exact position of the element on the
surface scan. Similarly, the anatomical shape of the cranium
was reconstructed. A complete infant cranium was used as a
template onto which the scanned fragments were projected.

state (right). Fig. 2a shows the 3D reconstruction of the find
position of the hand. Each finger ray is shown in a different
colour. Fig. 1b shows the reconstructed find position of the
cranial fragments. Fig. 2 shows cranial fragments (dark
brown) projected on a reference skull (light brown).
Discussion / Conclusion /Summary
In this pilot study, we digitized the left hand and the cranium
of ind2 and registered the models to the surface scans, or a
reference skull, respectively. Digitization and reconstruction
of the Krems-Wachtberg double infant burial is an essential
step to preserve and curate this important find. In a next step,
a database prototype will be designed including contextual
information on the site and the excavation, as well as data on
the skeletal remains and the scans themselves. The database
will be available online and will be structured for different
target groups ranging from interested non-specialists to
experts in the fields of Archaeology and Paleoanthropology.
a

b
Figure 3: Scanned cranial fragments (dark brown) registered to a
reference skull (light brown)

References
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3.
4.
Figure1: 3D model of a finger bone with sediment (left) and
cleaned (right).
Results / Recent Advances/ Future Directions
Fig. 1 shows a 3D model of an end phalanx (Wa-151033) with
the sediment (left, dark brown) and in the virtually cleaned
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Introduction
There are many small motions in the world which the naked
eye cannot see. Wu et al. [1] have already researched video
motion amplification to enhance those subtle motions in
videos. The algorithm used in this work was originally written
by Gayla Pavlova [2] to magnify either motion or colour
changes in videos provided by the user.
The aim of this work is to amplify micro movements of
trabecular bones under strain in order to be able to visualize
early changes in the deflection and onset of damage.

The enhanced videos helped to visualize the micro motions
happening in the bone and depending on the sample, the
location of the failure of the bone could be visualized seconds
before the failure occurred.

Methods
The algorithm from [2] has been modified and turned into a
plugin for medtool (Dr. Pahr Ingenieurs e.U., Pfaffstätten,
Austria).
The plugin receives a sequence of image files combined with
the following parameters as input. The desired magnification
factor, the spatial frequency interval which contains the
motion that should be enhanced.
In case that the motion which should be enhanced is very
slow or the frequency is not known, the plugin gives the
option to simulate a frequency. For this the algorithm takes
the specified number of frames and repeats those frames in
the original and reversed order to simulate a specific
frequency.
To enhance the motion, the algorithm firstly transforms each
frame of the video into a Gaussian pyramid. Using those
Gaussian pyramids, it then calculates the corresponding
Laplace pyramids. A Butterworth filter is applied to the array
of frames on each level of the Laplace pyramids (except the
first and the last level). Finally, the video is reconstructed from
these filtered pyramids (in this step any simulated frequency
is reversed) and then saved.
This plugin was used on a variety of videos of trabecular
bones under cyclic stress, which lead to the failure of the
bone samples.
A parameter run was used to test multiple combinations of
parameter settings.
The videos used where 10fps and the parameters of the best
run can be seen in Table 1.
Parameter

Values

Magnification Factor

50

Frequency Interval

0.25 – 0.75 Hz

Simulated Frequency

0.5 Hz

Table 1: Input Parameters

Results
The parameter study quickly showed that the frequency at
which the strain was applied during the experiment was
insufficient and a new frequency needed to be simulated.
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Figure 1: Example frames of the original videos (top) and the
amplified versions (bottom), before the failing of the samples. High
contrasted areas show a lot of movement. Red circles mark the
locations of failure in the samples.

Discussion
For this work a medtool plugin was created and successfully
used to run a enhance subtle motions in videos to visualise
the failure of bone samples under strain. If the algorithm can
be optimised to run faster, so that it can be run at the same
time the experiments are going on, it has the potential of
predicting the failure of the sample in real time.
A big hurdle is that in these experiments it was necessary to
simulate a frequency to get good results. This inherently
creates a delay before that segment of the video can be
enhanced.
A future goal is to better understand the advantages and
disadvantages of simulating a frequency and in what
scenarios to best utilize this process.
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Introduction / Background / Aims of the project
The aim of the project is to use standard coupons to
investigate the influence of 3D printing parameters on the
layer adhesion. This influence has already been shown but
not fully understood. Syrlybayev et.al. (1) indicates a lack of
knowledge on specifically two parameters, namely the
extrusion width and the cooling fan velocity. On this topic,
coupons from the ISO 527-2 are interesting, because smaller,
but not commonly used (2-3). A comparative analysis is done
to understand the difference between the current standard
(1A samples ISO 527-2) and smaller 1BA coupons. The
interest of this study is to benefit from shorter printing time
to analyse more efficiently the influence of many parameters.
We chose the extrusion width (EW), the cooling fan velocity
(CF), the extrusion temperature (ET), and the number of
samples printed at the same time (Mono or Multi) as
parameters.
Methods / Materials
One printer was used: a Prusa MK3 simple with Prusament
vanilla white PLA filament. Standard printing parameters
from PrusaSlicer (2.3.3.) were used. Tensile test coupons are
from the ISO 527-2 and are designed as 1A and 1BA (Figure
1). Measurements were made with a caliper with a 0.1mm
resolution. The compression-tensile test machine used for
uniaxial tensile test is a Zwick/Roell Z030. Temperature was
recorded with a Bosch Thermal camera GTC 400 C.
Microscope observations were made on polished crosssections of the tensile coupons.

Figure 1: 1BA tensile strength printed flat and standing

Results / Recent Advances/ Future Directions
Looking at the tensile strength (Figure 2), 1A and 1BA samples
are equivalent under some conditions. The deviation
between the 3rd and 6th group can be explained by the
difference in the cross-section when print multiple times and
with high temperatures. However, this difference of 4 MPa is
not very significant. Hence, 1BA coupons can be used instead
of 1A to investigate the layer adhesion. Experiments showed
that these parameters did not change the properties of flat
printed samples.
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Figure 2: 1A and 1BA tensile strength printed in Z in Mono (1 pc per
print) or Multi (5 pcs per print) mode with standard (Std) or Opt.
parameters (EW 200% + CF 30% + ET 225°C)

An increase of the layer adhesion by 17% is possible just by
changing the printing parameters (Table 1). Also, the duration
of the print can be lowered while improving the layer
adhesion. Drawback is that fine details are not allowed
anymore.
Parameter

Comp. values

%Abs. diff.

Extrusion width

100-150-200%

17%

Cooling fan velocity

30-50-70-100%

12.5%

Extrusion temperature

205-215-225°C

0%

NA

15%

Opt. parameters

Table 1: Results for the layer adhesion on tensile tests.

Discussion / Conclusion /Summary
1BA, which are smaller samples can be used instead of 1A
samples to make studies of parameter faster and cost less
material. The question raised from the parameter study is
that we may have achieved a limit of the layer adhesion just
by playing with 3D printing parameters. Microscope images
showed that porosities were still present. 23% of the strength
of flat printed coupons is still to recover on standing samples
to reach a perfect isotropy. If solution like post-processing
exist and are the main topic of conversation today, our
interest for the future studies will rather be focused on what
is already available on the printer or what can be easily
implemented in a clinical workshop. But what is to remember
is that the previously tensile strength of standing samples of
37 MPa (1-2-3) has been raised to 48 MPa. In future the
developed methodology can quickly investigate new
materials and printing parameters.
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Introduction
Recently, we could show that a 2-layer rheological model, can
be used to identify elastic, yield and viscous material
parameters of individual trabeculae, [1]. In this study, the
model is extended by a damage parameter and applied on
the same sample set, in order to improve the model fit and
to quantify the damage evolution in individual trabeculae.
Methods
Fifteen (n=15) individual trabeculae were dissected from the
human femoral head (female, age: 61, no osteoporosis
reported) and subjected to cyclic tensile load with increasing
amplitude until failure while kept wet, [1] (Fig. 1a)

Figure 2: (a) Selected stress-strain behavior of an individual
trabecula as measured experimentally (magenta) and as simulated
by the 2-layer model neglecting damage (dashed blue) and including
damage (solid blue). (b) damage evolution over strain.

Material

Figure 1: (a) Experimental setup for loading a single trabecula. (b)
Rheological model topology. The optimization procedure attempts
to reduce the squared difference of (a) and (b) to a minimum.

The 2-layer elastic-visco-plastic rheological model from [1]
was extended by a damage parameter, (Fig. 1b). The elastoplastic Prandtl layer now consists of a degrading elastic
spring, with initial Young's modulus 𝐸pr , in series with a plastic
slider (yield stress 𝜎Y , ultimate load 𝜎u , hardening exponent
𝑝). The visco-elastic Maxwell layer consists of a second
degrading elastic spring (𝐸mx ) in series with a viscous damper
𝜂. The damage 𝐷 is driven by the amount of accumulated
plastic strain in the slider.
The model parameters were determined by minimizing the
root mean square error (RMSE) between the measured stress
response from the experiments (𝜎exp ) and the force response
of the model (𝜎mod ) for the given strain signal.
Results
The average RMSE value improved from (2.91±1.77) for the
model without damage from [1] to (2.34±1.14) MPa for the
current model including damage, (Fig. 2, Tab. 1).

No damage
[1]

Damage allowed

parameter
𝐸pr

3.6±2.0 GPa

5.7±3.3 GPa

𝜎Y

17.0±12.7 MPa

17.8±12.4 MPa

𝜎u

64.0±25.1 MPa

0.9±1.8 GPa

𝑝

172±114

75±74

𝐸mx

2.0±1.0 GPa

5.8±6.1 GPa

𝜂

3.7±3.5 GPa s

5.3±4.0 GPa s

Table 1: Average identified material parameters of the 15 trabeculae
by the two models. (Not filtered for outliers.)

Discussion
The model including damage is resembling the measured
trabecular bone material behavior with better accuracy. As
shown in the example (Fig. 2b), the damage parameter 𝐷 is
affecting the material stiffness significantly along the loading
path. As a side effect, the initial stiffnesses (𝐸pr , 𝐸mx) increased
and the instantaneous modulus 𝐸pr + 𝐸𝑚𝑥 > 11GPa is now
closer to other studies, e.g. [2,3]. In summary, the
introduction of the constitutive effect of damage improves
the representation of the real behavior of wet trabecular
bone.
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Introduction

Results

Micro-finite element (µFE) models are able to predict the
mechanical behaviour of bone at the tissue level. Their
validation on the macro-scale has already been achieved by
comparing predicted apparent mechanical properties with
experimental measurements. Recently, Digital Volume
Correlation (DVC) enabled the validation of µFE models at the
meso-scale in the elastic regime [1], but a validation of
models including material nonlinearities has not been
conducted yet. The goal of this study was to validate the
highly efficient µFE solver ParOSol [2] at the meso-scale (~
1mm) using DVC displacements measured in human
trabecular bone specimens tested up to failure. The study
compares the predicted displacement fields of different
linear and materially nonlinear [2] µFE simulation methods.

Linear µFE models were able to predict more than 84% of the
variations in the DVC displacements in z-direction for the five
selected specimens (R2 = 0.84 - 0.95). NL and NLS simulations
showed a slightly higher correlation with DVC displacements
(R2 = 0.86 – 0.96). NLS did not show an improvement in
comparison to the NL simulation method (Fig. 2). The
specimen-averaged RMSE in z-direction was largest for the L
simulation (0.016mm) and decreased for the NL (0.014mm)
and NLS simulations (0.013mm). For x- and y- direction, R2
was generally lower, but the same trends were observed
between the different models.

Methods
Figure 1 shows the overall study workflow. The study is based
on the experimental results of five randomly selected
specimens from a previous study [3], where uniaxial
compression until failure was applied to human trabecular
bone biopsies (~8mm in diameter, ~12mm in height) in a
stepwise manner. At every loading step µCT scans were
recorded (36µm resolution). They were used as input for the
BoneDVC algorithm [4], which measures the displacement
field at discrete points of a cubic grid (nodal spacing = 24
voxels). To exclude boundary effects, only the middle part of
the specimens was considered. The unloaded 3D images
were used to generate voxel-based µFE models. Boundary
conditions were imposed using the interpolated DVC
displacements. Material parameters for the linear and
damage-based nonlinear model were taken from [2] and
adapted as described in [3]. For the linear (L) and nonlinear
(NL) simulations, the boundary conditions were derived only
from the DVC displacement field at the ultimate load step. In
another nonlinear simulation (NLS), boundary conditions
were applied stepwise using the DVC displacement field of
every available loading step (red circles in Fig. 1). The µFEpredicted displacement fields at the ultimate load step were
then compared to the DVC displacement fields using linear
regression.

Figure 2: Displacement comparison in z-direction for one
representative specimen (D2).
Discussion
Predicted displacement fields of all µFE simulation methods
(L, NL, NLS) were in good agreement with the DVC-measured
displacement field; NL and NLS only slightly improved the
predictions. However, this study was restricted to one
material model and only evaluated displacement fields of
small bone biopsies. Differences between the simulation
methods could be more pronounced for other material
models, larger bone samples or different output parameters
(e.g. stresses).
References
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Figure 1: Description of the study workflow.
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RESEARCH
DETECTING GAIT EVENTS DURING OVERGROUND WALKING FROM A SINGLE TRUNK-MOUNTED IMU
Lena Wurzinger (1), Dieter H. Pahr (1,2)
1. Division Biomechanics, Karl Landsteiner University of Health Sciences, Krems, Austria
2. Institute of Lightweight Design and Structural Biomechanics, TU Wien, Vienna, Austria

Introduction
Gait patterns can be a powerful indicator for the health or
healing of a person. Different aspects of it and different ways
of processing gait data can be used for the classification of
various gait impairments. The goal of this project is to
develop a gait score and a corresponding mobile application
for measuring the progress of rehabilitation after a surgically
repaired anterior cruciate ligament rupture. The score will be
based on data gathered by the inertial measurement unit
(IMU) based gait analysis system G-WALK (BTS
Bioengineering Corp., Quincy, USA) during overground
walking.
Methods

Figure 7: Acceleration data and detected gait events from the
Z & Z+ method
Figure 8 shows the calculated detection error for all three
methods. Negative error corresponds to detecting the event
too early.

For developing the new gait score the first step was to detect
the gait events and calculate the gait phases based on the of
the IMU and the root mean square error (RMSE) between the
two signals was calculated. The point with the lowest RMSE in
all three direction was determined as the delay between the
two systems.

Figure 8: Gait event detection error of the three used methods
in comparison to the marker based reference
Discussion
Figure 6: Schematic measurement setup for simultaneous 3D
and IMU Gait Analysis
Three different methods were used for the detection of the
initial contact (IC) and the foot off (FO). First was the method
of Zijlstra and Hof [1] (Zilstra, Z). The second one was based
on McCamley et al. [2] with a slight adaptation (McCamley+).
The third method was an adaptation of the Ziljstra method
(Ziljstra+, Z+). Instead of the last positive peak of the anterior
posterior acceleration before the zero crossing it uses the
first negative peak after the zero crossing as IC. The FO was
detected as the first positive peak of the vertical acceleration
after the IC. For every method the error between the
detected and the reference gait events was calculated.

As seen in Figure 8 the newly developed method shows the
smallest median error, for IC, and the smallest box, for IC and
FO, which would indicate the smallest variance and could
therefore be the most robust method, out of the three, for
gait event detection. One limitation is, that currently only a
dataset, consisting of 5 trials, of one healthy subject with
simultaneously recorded G-Walk and 3D Reference is
available. It is therefore unclear how well the new method
can cope with other healthy or even pathological subjects.
Next steps will include recording more subjects with both
systems and testing the new method on the new data.
References
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Results
Figure 7 depicts the gathered acceleration data from the GWALK system and the gait event detection of the Zijlstra (Z)
and Ziljstra+ (Z+) method.
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ACTIVITIES & EVENTS
Activities & Events
Division meetings IUBL – new
With the beginning of IUBL – also the KL-division meetings changed into a new mode in 2021. TU and KL group
members were meeting together from now on.

© KL/D.Pahr

3D-Aortic Valve
Lukas Warnung and Andreas Reisinger did a side project with Prof. Streicher from the Anatomy Division at the KL. Soft
tissue uCT scans of an aortic valve with calcifications were taken and a stl-model was created. The model was then 3d
printed for teaching and demonstration purposes. The KL published an according news article.

© KL/B.Punz
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https://www.kl.ac.at/news/3d-druck-von-verkalkter-herzklappe-fuer-lehrzwecke-an-der-kl

Strategiemeeting
Dieter, Alex and Andreas at the IUBL Strategy Meeting (6th of June 2021).

© IUBL/A.Synek
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ACTIVITIES & EVENTS
ESBiomech 2021 – Online Conference
Following the cancellation of the ESBiomech Conference in 2020, the 2021 event was held 100% online for the first
time. Numerous contributions from the groups were accepted as presentations.

ZwickRoell Science Award 2020
Nedaa Amraish achieved a place in the top 5% of submissions in September 2021.
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ESB Webinars

© ESB | To encourage research, disseminate knowledge and promote progress in Biomechanics. (esbiomech.org)

“ESB Webinar Seris – No. 8 – Python – Everything you need for your daily scientific programming work”
A new webinar of the ESB Webinar Series was conducted by Prof. Dr. Dieter H. Pahr- on the 22. September 2021.

Rigorosum Sarah-Jane Estermann
Sarah-Jane Estermann had her online rigorosum on the 21. September 2021.

© KL/D.Pahr (first row: Reisinger, Pahr, Elgeti, second row: Avril, Scheiner, Estermann)
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ACTIVITIES & EVENTS
Abschlussmeeting mit Partner ACMIT – “Projekt Medi3Print”
As Sarah-Jane Estermann got her doctor´s degree, there was a last meeting in September with our project partner
“ACMIT GmbH” in Wiener Neustadt, September 2021.

© KL/D.Pahr

KL Website announcement
News article at the KL webpage on October2021.

© https://www.kl.ac.at/news/erste-doktorarbeit-des-fachbereichs-biomechanik

3.Platz “Peter Emil Varga Stiftungs-Preis” – TU Wien
Sarah-Jane Estermann was ranked third at the Peter Emil Varga price on 23. December 2021.
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