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Completed PhD Thesis

Dr. Eva Schnider celebrating after her PhD Defence (picture:CIAN)

Since 2021, the number of students enrolled in the
DBE doctoral program has stabilized at around 65. In
2023 they have been particularly sucessful, with 9 of
them winning a total of 13 prizes and awards for their
reserach work. In addition, 14 of these PhD students
have defended their theses and started new careers.
They include:

e Roya Afshari (MRPM)......cocooii, 3
e KimArmold (TMBR) ..o 4
e Mohamad Awchi (TMBR) ..., 5
e Yakub Bayhaqi (BLOG).......cccvvviiiiiiiiiiiiiiiie, 6
e Celine Berger (FOrensics) ........ccccccceeeiiiiviiiiiiice, 7
e Linda BUhl (Biomechanics) ..........cccccoevviviiiiiiiiiinn, 8
e FEleonora Croci (Biomechanics)...........cooovvvviiiiiiiinnn, 9
e Jeremy Genter (Biomechanics).............cccccoviinin. 10
e Arsham Hamidi (BLOG)............., i
e  Simon Herger (Biomechanics)............cccoovvvvviiinnn. 12
e Santhosh lyyakkunel (MRPM) ...........cocoii 13
e Eva Schnider (CIAN) ..., 14
e Carlo Seppi (CIAN) ..o 15

Rapid Magnetization Transfer Magnetic

Resonance Imaging
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Figure 1: B -corrected quantitative MT parameter estimates acquired from different
number of sampling points at 3T. S1 to S5 contain 18, 14, 10, 8 and 6 sampling
points respectively (Figure from (3) published under a CC-BY license).
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Figure 2: Exemplary coronal and sagittal view of non-MT-weighted, MT-weighted,
and MTR images from bSTAR sequence reconstructed with 0.87 mm resolution at
0.55T (Picture: R. Afshari)
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PhD Thesis by Roya Afshari at Radiology Physics, Uni-
versity Hospital of Basel.

Magnetization transfer (MT) (1) imaging provides a contrast
reflecting the properties of hydrogen atoms bound to mac-
romolecules in the tissue. These components, which are
short-lived in nature, cannot be captured by conventional
MRI methods. However, by saturating the magnetization
of macromolecules using an off-resonance radio-frequen-
cy pulse, a signal intensity drop is induced, enabling the
generation of MT contrast.

MT can be expressed by quantitative parameters (two-pool
model parameters, see Figure 1), or as a semi-quantitative
measure (MTR, see Figure 2). Both methods are useful in
diagnosing and prognosing pathologies like multiple scle-
rosis. Integrating MT into clinical practice is challenging
due to long acquisition times, B, field nonuniformities at
high field, and limited signal-to-noise at low fields. This the-
sis addresses these issues by developing fast and robust
MT imaging methodologies.

To this end, a fast spiral multi-slice spoiled gradient echo
sequence, combined with a low-resolution B,-mapping
for accurate MTR imaging in less than one minute was
implemented. The same method was further developed
to obtain whole-brain quantitative MT maps in 5 minutes.
Moreover, the feasibility of MTR imaging at low field was
investigated with a highly efficient balanced steady-state
free precession sequence, termed bSTAR (2), yielding
submillimetre isotropic resolution within the clinically ac-
ceptable scan time.

The techniques presented in this thesis facilitate a wider
use of MT imaging in clinics for the diagnosis and progno-
sis of various diseases.

Supervision: References:
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oliver.bieri@unibas.ch SJ. Magnetization trans-fer in MRI: a re-
view. NMR Biomed. 2001;14(2):57-64
Prof. Cristina Granziera
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dean spirals. Magn Reson Med. 2020
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In vitro and in vivo Metabolomics: Tapping the
Potential of Secondary Electrospray Ionization -
High Resolution Mass Spectrometry

£ A

Figure 1: Experimental setup for DC headspace measurement by SESI-HRMS (pic-
ture: K. Arnold and A. Budiawan).
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Figure 2: Specific time-dependent features detected during bacterial growth. (A)
Time trace of the positive ion at m/z 104.10693 unique to S. aureus JE2. (B) Time
trace of the negative ion at m/z 101.06079 unique to the species S. aureus (picture:
K. Arnold).
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PhD Thesis by Kim Arnold, Department Biomedical En-
gineering, University of Basel at the Translational Med-
icine Breath Research Group.

This thesis aimed to develop a rapid screening method to
detect biomarkers of early bacterial infections from clinical
specimens.

We developed an experimental and computational frame-
work based on SESI-HRMS to detect in real time volatile
biomolecules emitted during bacterial proliferation as well
as from mammalian dendritic cells challenged by bacteria.

The results showed that volatile metabolic signatures
could be monitored non-invasively and in real-time with
high consistency and minimal sample preparation. The
method was able to differentiate between immature and
activated DCs (1), detect isotopic incorporation in volatile
metabolites (1,2), and identify bacterial pathogens at the
species and strain level (3). Clinical samples could be fin-
gerprinted to differentiate between samples containing liv-
ing or dead bacteria (3). Distinct volatile metabolites were
found before and after bacterial inoculation in mice infec-
tion models.

Overall, we contributed towards the development of a di-
agnostic platform aiming to flag bacterial infections at ear
ly stages, thus contributing to initiate timely and tailored
antibiotic treatment.

Supervision:

Prof. Pablo Sinues

Translational Medicine Breath Re-search
pablo.sinues@unibas.ch

Prof. Urs Frey
Pneumology Research
urs.frey@ukbb.ch
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(1) Arnold K, Dehio R Lotscher J, et
al. Real-Time Volatile Metabolomics
Analysis of Dendritic Cells. Anal Chem
2023;95:9415-1421.

(2) Arnold K, Chen X, Zhang H, et al. In
vivo detection of 2H-incorporation upon
ingestion of 2H20. Journal of Bio-X Re-
search 2022;5:81-89.
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al. Rapid detection of Staphy-lococcus
aureus and Streptococ-cus pneumoni-
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tabolites. iScience 2022;25:105080.

Breath Pharma-cometabolomics on Type-1
Diabetes and Epilepsy

Figure 1: Real-time exhalation maneuver into a secondary electrospray ionization
high-resolution mass spectrometer platform (SESI-HRMS) (picture: Sinueslab).
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Figure 2: Breath analysis promptly reveals altered metabolism in diabetic ketoaci-
dosis (DKA) patients after insulin onset (picture: Sinueslab)
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PhD Thesis by Mo Awchi at the Translational Medicine
Breath Research group.

Pharmacometabolomics investigates how drugs influence
metabolites, contributing to the progress of personalized
medicine. Breath analysis is a real-time and non-invasive
approach (Fig.1). This PhD thesis concentrated on applica-
tions related to epilepsy and type-1 diabetes. Both condi-
tions incur significant medical expenses and often require
invasive monitoring.

We measured breath metabolites of anti-seizure medi-
cation (ASM) responses and side effects and exploring
breath analysis for Type-1 Diabetes. SESI-HRMS was em-
ployed, analysing breath in real-time and off-line, followed
by statistical and machine learning analyses.

This thesis revealed breath analysis potential in clinical
pharmacometabolomics. Firstly, we identified relevant
amino acids linked to ASM responses and side effects (1),
enabling future metabolite interpretation. Secondly, we
demonstrated offline SESI-HRMS ability to measure free
and total valproic acid (2), facilitating bedside monitoring,
including for cognitively impaired individuals. Additionally,
we proposed a disease monitoring framework that holds
the potential to be used bedside in the intensive care units
and deepened our understanding of DKA pathophysiology
(Figure 2).

References:

(1) Awchi M. et al, UHPLC-MS/MS-
Based Identity Confirmation of Amino
Acids Involved in Response to and Side
Effects from Antiseizure Medications.
Journal of Proteome Research 2023
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(2) Awchi M. et al, Prediction of system-
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Breath Research 2023

(3) Awchi. M. Breath Pharmacometabo-
lomics for Therapeutic Drug Monitoring
of Epilepsy and type-1 Diabetes (Doc-
toral dissertation, University of Basel).
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Automatic Tissue Characterization from Optical
Coherence Tomography
Osteotomy

Figure 1: Holes made on a bone sample using the deep-learning-based OCT-guided
laser osteotomy in real-time (Left). An OCT image was taken during the cutting
process for real-time feedback (Right) (picture: Y. Bayhaqi).

Figure 2: Micro-CT image of the bone sample in Figure 1 (Left). A zoomed ver
sion of the hole made using the deep-learning-based OCT-guided laser osteotomy
(Right). The deep-learning-based setup stopped the ablation laser when bone mar
row was detected. The average maximum depth of bone marrow perforation was
only 216 um (picture: Y. Bayhaqi).
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Images for Smart Laser

PhD Thesis by Yakub Bayhaqi at the Biomedical Laser
and Optics Group (BLOG), Department of Biomedical
Engineering, University of Basel.

Laser osteotomy overcomes mechanical tools’ shortcom-
ings, with less damage to surrounding tissue, lower risk
of viral and bacterial infections, and faster wound healing.
Furthermore, the current development of artificial intelli-
gence has pushed the direction of research toward smart
laser osteotomy. This thesis aimed to advance smart laser
osteotomy by introducing an image-based automatic tis-
sue characterization or feedback system. The Optical Co-
herence Tomography (OCT) imaging system was selected
because it could provide a high-resolution subsurface im-
age slice over the laser ablation site.

This thesis presents the basic framework and result of ap-
plying the deep-learning-based OCT-guided laser osteoto-
my in real-time. The feedback system was evaluated based
on its ability to stop bone cutting when bone marrow was
detected. The results show that the deep-learning-based
setup successfully stopped the ablation laser when bone
marrow was detected. The average maximum depth of
bone marrow perforation was only 216 um.

References:

(1) Y. A. Bayhaqi, et al.,” Deep learning
models comparison for tissue classifi-
cation using OCT images: toward smart
laser oste-otomy’ OSA Cont., Vol. 4,
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Dr. Ferda Canbaz Vol. 41, No. 10, pp. 2615-2628 (2022)
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Post Mortem Temperature and its Effect on
Quantitative Magnetic Resonance Imaging
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Figure 1: Representative inversion recovery contrast (Tl= 200 ms) (A), T1(B), T2 (C),
T2* (D), MD (E), FA (F) maps of one post mortem subject with a brain temperature
of 5.6°C (top row) and one in vivo subject (bottom row).

Forehead temperature probe .
Cooling /] Cortex & ” ,/‘%"
7 Deep gray matter = |4

Temperature

White matter  + \

Temperature

White matter & 2 /'/" *
S [
Deep gray matter

Temperature

Figure 2: Real-time temperature correction of the temperature dependent MRI pa-
rameters using the forehead temperature during the MRI scan.
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PhD Thesis by Celine Berger at the research group Fo-
rensic Medicine and Imaging of the Institute of Foren-
sic Medicine, University of Basel.

Post mortem magnetic resonance imaging (PMMRI) en-
hances forensic death investigations by its high soft tissue
contrast and facilitates the validation and development of
in vivo MRI. To account for the post mortem temperature
cooling effect on quantitative MRI, this research aimed to
develop temperature correction methods for PMMRI of
the brain.

This thesis discovered linear brain temperature effects
on relaxation (T1, T2, T2*, TInull) and diffusion (MD, FA)
parame-ters (1,2). Further, it explored non invasive re-
al-time brain temperature measurement via the forehead
(3). Subsequently, a real-time temperature correction mod-
el during the MRI scan was developed using the forehead
temperature forT1,T2 and MD (see Figure 2) (4). Addition-
ally, this thesis observed that lower brain temperatures
reduced R2* fiber orientation dependency in post mortem
com-pared to in vivo subjects (5).

In conclusion, these findings provide temperature correc-
tion models for PMMRI based on the brain or the real-time
assessed forehead temperature.

References:
(1) C. Berger et al. MAGMA, 35, 2022.
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103615, 2023.

(4) C. Berger et al. FSI, 348: 111738,

Dr. Claudia Lenz 2023.

DBE, Institute of Forensic Medicine

Basel (5) C. Berger et al. Magn Reson Med
claudia.lenz@unibas.ch 86, 2021.



Clinical and Functional Outcomes 2 Years after
InternalBrace-Augmented ACL Repair vs. ACL
Reconstruction and Healthy Controls

Participants

Patients 2 years after Controls

+

ACL repair and InternalBrace™ ACL reconstruction
(Arthrex Inc., USA) i (autologous hamstring graft)

]

In- [ exclusion criteria (see table 1)

Healthy subjects

Informed consent

I

Clinical Assessment

» Patient Reported > Socioeconomic » Examination

= Tegner Activity = Time of disability = Anthroprometrics

Scale ® Inability to work (total/ = Injury and operation related
= EQ-5D-5L partial) data (for patients)
= KOOS = Length of hospital stay = Static anterior tibia translation
= |[KDC = Number of physio-/ (anterior drawer test)
= ACL-RSI training therapy sessions = RoM of lower extremity

s ..S.ihg..lé.Lég..B.é.‘é.né.e I

30° & 60°

= Single Leg Hops

Hop for maximal Side hop for 30s Overground:
distance over 40cm walking

Treadmill: walking &7 i
Jegging

Evaluation of quantity of performance and quality of movement (biomechanical outcome)

Figure 1: Overview of the RetroBRACE study protocol and clinical and function-
al-biomechanical assessments (picture: retrieved from Miller et al. (1))
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Figure 2: Mean trajectory (solid) and one standard deviation (dashed) semitendi-
nosus muscle activation in ACL:IB (blue), ACL:R(red) and Controls (green). MVC,
maximum voluntary contraction (picture: L. Bthl).
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PhD Thesis by Linda Biihl at the Functional Biome-
chanics Laboratory (University Hospital Basel).

Although early studies in patients after anterior cruciate
ligament repair with additional augmentation (ACL:IB, In-
ternalBrace) show promising patient-reported and clinical
outcomes similar to ACL reconstruction (ACL:R), evidence
on functional and biomechanical benefits is lacking.

We investigated these outcomes two years after ACL:IB
(N = 29) and compared them with ACI-R using hamstring
tendon autografts (N = 27) and healthy controls (N = 29).
Participants were assessed by clinical leg examination
(clinical outcomes), functional testing of leg performance
(Fig. 1), and analysis of leg movement and muscle acti-
vation during walking and single-leg forward hop landing
(functional-biomechanical outcomes, Fig.1). Results were
compared between groups and between the involved (op-
erated) leg in patients and the non-dominant leg in con-
trols.

All outcomes were comparable between ACL:IB and
ACL=R. Both patient groups did not return to healthy levels
and had subjective functional impairments, reduced quad-
riceps strength and altered leg biomechanics during walk-
ing. Only ACL-IB had different knee mechanics during hop
landing and only ACL-R had different semitendinosus mus-
cle activation during walking compared to controls (Fig. 2).

Overall, 2 years after surgery, patients undergoing less in-
vasive ACL-IB can expect a comparable clinical and func-
tional biomechanical outcome to patients after ACLR,
without the risk of comorbidities or changes in hamstring
function. The initial ACL rupture causes changes that can-
not be restored by surgery (repair or reconstruction) alone.

References:

(1) Maller S, Buhl L, Nuesch C, Pagen-
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Influence of Additional Weight Carrying on
Load-Induced Changes in Shoulder Kinematics
after Rotator Cuff Tears — An in Vivo Study

Figure 1: Example of a fluoroscopic image with the anatomical landmarks and the
reference sphere. GH: glenohumeral joint centre, H: humeral shaft midpoint, GL-
sup: superior edge of glenoid, GLinf: inferior edge of glenoid, AC: most lateral point
of the acromion, REF: reference sphere (Picture: Functional Biomechanics Lab).
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Figure 2: Mean and standard deviation of the scapular rotations and during ab-
duction for the different shoulder types with regr ession lines (dashed) (Picture:
Functional Biomechanics Lab).
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PhD Thesis by Eleonora Croci at the Functional Biome-
chanics Laboratory (University Hospital Basel)

Rotator cuff tears are a very common age-related shoul-
der injury. A thorough understanding of the glenohumeral
motion is still lacking and inconsistent patterns of shoul-
der kinematics have been reported.

This thesis presents the protocol of our in vivo study in
patients with unilateral rotator cuff tears and control sub-
jects (1), together with an assessment method for shoul-
der kinematics using single-plane fluoroscopy (2), and the
associated kinematic results of a 30° loaded and unloaded
arm abduction test in the scapular plane (3). Load-induced
changes in muscle activity during the same abduction test
are also presented (4).

All images (Figure 1) were labelled using an automat-
ic landmark detection algorithm (5). Upward-downward
scapular rotation and superior-inferior glenohumeral trans-
lation of all shoulders were examined. Load-induced kine-
matic changes occurred in scapular rotation (Figure 2), but
not in glenohumeral translation in shoulders with rotator
cuff tears. Scapular motion may therefore play an import-
ant role in compensating for rotator cuff tears. Associated
load-induced changes in muscle activity were observed in
all muscles analysed and differences between healthy and
pathological shoulders were assessed.

Overall, this study shows that shoulder kinematics are
load dependent. Implementation of this 30° loaded abduc-
tion test in the clinic could provide important insight into
the functional status of the shoulder and be used to guide
treatment decision.

References:
(1) Croci et al. JMIR Res. Protoc.
2022;11(12):1-14.
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Load-Induced Biomechanical Changes in
Shoulders with Rotator Cuff Tear — An
Experimental Simulator Study

Figure 1: Potograph of the newly developed shoulder simulator; the abducted hu-
merus is highlighted in opacity for clarity (Picture: Institute for Mechanical Systems,
ZHAW).
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Figure 2: lllustration of the predominant location of the glenohumeral force center
projected onto the glenoid (Picture: Institute for Mechanical Systems, ZHAW).

Funding:

I—I_’ Swiss National
Science Foundation

10

PhD Thesis by Jeremy Genter at the Functional Biome-
chanics Research Group, University Hospital Basel and
ZHAW, IMES, BME.

This thesis focused on the biomechanics of the glenohu-
meral joint with rotator cuff tears, a common shoulder pa-
thology (1). This thesis highlights the importance of the ro-
tator cuff muscles in maintaining shoulder stability during
movement. The purpose of this study was to develop a
control strategy for a glenohumeral simulator to simulate
the abduction motion of shoulders with rotator cuff tears
and to investigate the biomechanics of weight-bearing
shoulders with rotator cuff tears.

The research includes a review of existing glenohumeral
simulators and their limitations, leading to the develop-
ment of a musculoskeletal model-based simulator (Figure
1). Ex vivo (cadaveric specimens) and in situ (synthetic
speciemns) experiments showed that the simulator repro-
duces glenohumeral translations and joint forces similar
to in vivo measurements (2,3). Key findings include the
effects of increased weight bearing and critical shoulder
angle, which resulted in increased glenohumeral transla-
tions. The experiments also demonstrated the compensa-
tion of the remaining muscles with intact tendons in the
presence of rotator cuff tears, which resulted in a superior
shift in the location of the glenohumeral force center fol-
lowing multiple tendon tears (Figure 2). This shift in the
force location suggests that patients with multiple rotator
cuff tears may be at risk for secondary osteoarthritis, high-
lighting the potential benefits of strengthening the remain-
ing intact rotator cuff muscles.
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Development of Miniaturized Long-Range
Optical Coherence Tomography for Smart Laser

Surgery System

Figure 1: First prototype of the miniaturized long-range OCT integrated with a fi-
berbased Er:YAG laser (picture: A. Hamidi).
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Figure 2: (a) Developed tissue-specific laser osteotomy, (b) real-time monitoring

the depth and shape of laserinduced cut, and (c) calibrated phase-sensitive OCT
system to detect temperature rise of tissue (picture: A. Hamidi).
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PhD Thesis by Arsham Hamidi, University of Basel, at
Biomedical Laser and Optics Group (BLOG).

Laser technology offers advantages in bone surgery (os-
teotomy) by enabling precise and nonlinear cuts while
preserving bone structure, but certain challenges must be
addressed. In laser surgery, it is crucial to improve accura-
cy and safety by providing feedback and control for depth
and shape of cuts, temperature changes, and tissue type
detection.

This PhD project was part of a project MIRACLE (Minimal-
ly Invasive Robot-Assisted Computerguided Laserosteo-
tomE), which aims to develop a laserassisted robotic en-
doscope to perform deep bone ablation. In the framework
of this thesis, a multimodal feedback system is developed
to provide required feedback for the surgeon during laser
osteotomy.

First, a long-range Bessel-like beam OCT is developed
with the imaging range of 26.2 mm and extended depth
of focus of 28.7 mm, capable to monitor/control the depth
of cut in real-time (1). In addition, to prevent the thermal
damage during laser osteotomy, we investigated the po-
tential of the phase-sensitive OCT system to measure
temperature rise of tissue during ablation (2). Furthermore,
tissue-specific laser osteotomy is achieved by integration
of a LIBS system to differentiate the type of tissue before
surgery (3). Finally, the first miniaturized prototype of the
fibre-based integration of the OCT and Er:YAG laser is de-
veloped (4).
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Dose-response Relationship of in vivo
Ambulatory Load & Mechanosensitive Cartilage
Biomarkers: The Role of Age & Tissue Health
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Figure 1: Mean (1 standard deviation) joint angle for the ankle, knee and hip (top;
left to right), results of SPM paired t-test for the 80% and 120% vs. 100% BW con-
ditions (1st and 2nd middle), and absolute difference in joint angle for the 80% and
120% vs. 100% BW conditions grey areas indicate statistical differences between
conditions (p<0.025) (picture: S. Herger).
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Figure 2: Visualization of the immediate load-induced increase in sSCOMP (log(A_
sCOMP(tpost))) immediately after the walking stress with loading conditions re-
duced load (80%BW), normal load (100%BW), and increased load (120%BW). BW
— body-weight, ACL — anterior cruciate ligament (picture: S. Herger).
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PhD Thesis by Simon Herger at the Functional Bi-
ome-chanics Laboratory, University of Basel and Uni-
versity Hospital Basel.

In osteoarthritis (OA) research systemic articular cartilage
biomarkers measured in blood have been proposed as sur-
rogate measure of in vivo articular cartilage metabolism.
As chondrocytes can respond metabolically to physical
load, and normal joint loading contributes to joint health,
whereas increased joint loading promotes cartilage degen-
eration, load-induced changes in cartilage biomarker con-
centrations were investigated in healthy, joint injured and
OA participants to understand the underlying pathologic
processes that initi-ate early or post-traumatic OA.

This thesis presents data from pilot studies and results
of clinical, biomechanical biological data collection of the
MechSens project (1). Younger and older healthy and
ACl-injured participants underwent magnetic resonance
imaging of both knees and completed a walking stress
test on three different days. During this stress test, blood
samples were taken before and after walking with either
80%, 100% or 120% body weight. First we validated
that the used load modification framework allows us to
systematically modulate load magnitude without chang-
ing joint kinematics or spatiotemporal parameters (2).
We identified serum cartilage oligomeric matrix protein
(sCOMP) and matrix metalloproteinase-3 as articular car
tilage biomarkers that respond to the magnitude of am-
bulatory load with an increase in concentration (3). With
the completion of the MechSens baseline data collection,
we showed that the cartilage composition observed in our
AClzinjured participants differs from uninjured knees and
confirmed that ACL-injured subjects in the MechSens proj-
ect have altered cartilage composition. Finally, we showed
that the load-induced change in concentration sCOMP is
sensitive to mechanical loading in healthy and ACL=injured
subjects and that the immediate load-induced change in
sCOMP is affected by age but not by ACL injury.
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Methodological Advances in Electrical Properties

Tomography

Magnitude Conductivity

Figure 1: Exemplary slices of two salt water phantoms. A conventional MRI mag-
nitude image does not show a difference between the phantoms, whereas a con-
ductivity map is able to distinguish between the two phantoms with different salt
concentrations (picture: Santhosh lyyakkunnel, adapted from (1)).

Magnitude

Conductivity

0

Figure 2: Conventional MRI magnitude images and conductivity images of the brain
of a healthy volunteer (picture: Santhosh lyyakkunnel, adapted from (1)).
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PhD Thesis by Santhosh lyyakkunnel at the Magnet-
ic Resonance Physics and Methodology Group of the
University of Basel.

Electrical properties tomography (EPT) aims to non-inva-
sively measure the electrical properties (EPs), conductivity
and permittivity, of biological tissues using conventional
magnetic resonance imaging (MRI). EPT has gained in-
creased interest over the last decade thanks to its poten-
tial in various applications, including cancer diagnosis.

In MRI, the EPs of the tissue distort the RF magnetic field
used for spin excitation. Thus, local changes in the spatial
distribution of this field, commonly known as B.*, allow
the reconstruction of the EPs. However, obtaining the re-
quired high-resolution measurement of B.* often results
in extended acquisition times, which are impractical for
clinical use.

This thesis investigated different strategies to increase
the efficiency for B,* mapping methods, maintaining a
high signal-to-noise ratio and high precision. The proposed
methods (1,2) showed promising results in healthy volun-
teers, laying a solid foundation for the potential clinical ap-
plication of EPT.
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Distinct Bone Segmentation from CT Images

using Deep Learning
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Figure 1: A glimpse into the Specto VR visualisation software with an overlaying
bone segmentation. Different bones are displayed with individual colours (picture:
N. Zentai, E. Schnider).
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Figure 2: Multi-resolution neural network used to segment bones in upper bodies.
The context networks supply additional spatial information at lower resolution to
improve to localization capabilities of the target network (picture: E. Schnider).
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PhD Thesis by Eva Schnider at MIRACLE Planning &
Navigation group.

CT scans are ubiquitous in medical practice. Their analy-
sis frequently involves surgeons, or radiologists who must
manually or semi-automatically annotate bones. Their an-
notation labour can be decreased by automating segmen-
tation and bone detection.

In this project, we have examined the use of deep learning
to automate the segmentation of all individual bones in up-
perbody CT scans. This automation of distinct bone seg-
mentation has the potential to not only speed up current
workflows, but also to open up new avenues for process-
ing and displaying medical data for planning, navigation,
and education. We have based our network architecture
on 3D-UNet architectures and proposed new modifica-
tions to handle the specific challenges of this large seg-
mentation task with a plethora of segmentation classes.
We have worked on a new inference procedure, which
decouples background from distinct-class predictions and
worked on a multi-resolution approach. Extending the net-
work's field of view using additional low-resolution inputs
improves the availability of spatial context within model
input windows and increases the segmentation accuracy.

The resulting segmentation models have been integrated
into the DBE’s Specto VR visualization software and can
be used to quickly segment new CT scans without leaving
the Specto application.
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Solving Inverse Problems for Medical Applications
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Figure 1: (MOONSTAR) Visualization of the 3D reconstruction of the Tc-99m source
from a single measurement (picture C. Seppi).
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Figure 2: (MIRACLE) lllustration of the ablation of tissue with an Er:YAG laser (pic-
ture C. Seppi).
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Figure 3: (MIRACLE) The acoustic wave emitted during laser ablation is used as
an input to a Convolutional Neural Network (CNN) to estimate the depth of the cut
(picture C. Seppi).
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PhD Thesis by Carlo Seppi University of Basel at Cen-
ter for medical Image Analysis & Navigation (CIAN).

MOONSTAR (Mobile Optical Navigated SPECT Camera
with Augmented Reality) aims to revolutionize the visual-
ization of Sentinel Lymph Nodes (SLN) through Augment-
ed Reality (AR), enabling surgeons to perform minimally
invasive removal of the SLN. This technique involves the
injection of a Tc-99m tracer near the tumor, which accu-
mulates in the SLN. In our study (1), we performed ex vivo
experiments with Tc-99m sources. These sources were
measured with our gamma detector and we successfully
reconstructed their positions in a 3D subspace (Figure 1).
In our work, we improved the design of the collimator and
developed an algorithm capable of accurately locating the
Tc-99m sources.

The MIRACLE (Minimally Invasive Robot-Assisted Com-
puterguided LaserosteotomE) project is dedicated to the
development of a robotic endoscope capable of perform-
ing minimally invasive laserosteotomy. An acoustic wave
is emitted during the tissue ablation process when em-
ploying an Er:YAG laser, which is subsequently measured
by the transducers (Figure 2). Our primary goal is to ex
tract valuable information from this acoustic wave. First,
we used a simulation based on the Helmholtz equation
to simultaneously reconstruct the position of the source
and the velocity of the medium (2). In a second approach
(3), we used the acoustic wave as input to a convolution-
al neural network (CNN) to estimate the depth of the cut
(Figure 3).
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Completed Master's Thesis

Studying Biomedical Engineering (picture: R. Wendler).
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Supersampling and Denoising of Volume-
Rendered Medical Images using a Deep Learning

Method
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Figure 1: Network architecture. The network architecture is mostly based on the
description in (1). Up to 5 previous frames are used to add temporal stability to
the network and to give more background information beyond the kernel of the
convolutions (picture: Z. Arslan)
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Figure 2: Results of the network compared to the reference image using peak sig-
nal-to-noise ratio (PSNR) and structural similarity index measurement. The average
time needed to compute the high-resolution images is comapred to the rendering
time of the visualisation tool Specto. The network outputs good image quality. The
long runtime is not usable for any real-time application with an update rate of 90Hz.
(picture: Z. Arslan)
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Master’s Thesis by Zinar Arslan (Department of Bio-
medical Engineering, University of Basel) at Center of
Medical Image Analysis & Navigation (CIAN).

Volume rendering at high quality is computationally expen-
sive. Since the required computational power is high, fur
ther optimisation was needed for rendering and visualising
medical data in virtual reality (VR).

This need for optimisation led to the introduction of fo-
veated rendering, a method where computational power
is focused on areas the user is looking at. But foveated
rendering introduced new problems. Focusing computa-
tional resources opened doors for noise and flickering in
non-focused areas, worsening the user experience in VR.
The aim of this master's thesis was to find a deep learn-
ing-based approach to improve the quality and resolution
for the visualisation of volumetric medical data sets in VR
and test it for possible implementation in an ongoing re-
search project.

The network was trained with pairs of images using a
supervised learning method. To build a data set, ground
truth images were rendered in Unity without any time con-
straints. The output was then compared to the reference
image using the structural similarity index measurement
(SSIM) and peak signal-to-noise ratio (PSNR). On one
hand, we verified the drawbacks mentioned by Xiao et al.
(1) and by Thomas et al. (2) in terms of needed computa-
tional power and runtime. On the other hand, we verified
the advantages of this approach too: excellent image qual-
ity can be delivered, which is crucial for detailed high-res-
olution medical data.

Supervision: References:

Balazs Faludi (1) Lei Xiao Salah Nouri et al. “Neu-

CIAN ral  Supersampling for Realtime

Balazs.faludi@unibas.ch Rendering” In: ACM Trans. Graph.
39.4 (2020).https://dl.acm.org/

Prof. Dr. Philippe C. Cattin doi/10.1145/3386569.3392376.

CIAN

Philippe.cattin@unibas.ch (2) Manu Mathew Thomas et al.
“Tem-porally Stable Real-Time Joint
Neural

Denoising and Supersampling” In: Proc.
ACM Comput. Graph. Interact.

Tech. 5.3 (2022). https://doi.
org/10.1145/3543870

17



Relationship between Patient-Reported, Clinical,
and Functional Outcomes in Patients 2 years

after ACL Surgery
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Figure 1: Overview of clinical and functional assessments including patient-report-
ed outcomes, clinical outcomes (leg examination) and functional outcomes (perfor
mance tests and movement and muscle activity analyses) (picture: Retrieved from
the RetroBRACE study protocol (1)).
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Master’s Thesis by Annika Bill at ETH Ziirich and Func-
tional Biomechanics Laboratory (DBE & University
Hospital Basel)

In addition to anterior cruciate ligament reconstruction
(ACL:R), augmented ACL repair with InternalBrace (ACL-
IB) has been introduced as a surgical treatment option for
proximal ACL tears.

We investigated the association between patient-reported
outcome measures (PROMSs) and clinical and functional
outcomes in these two groups of patients and in healthy
controls (N; 29 ACL:=IB, 27 ACL:R, 29 controls). Outcome
parameters included standardised questionnaires on ac-
tivity level, health, knee function and knee confidence
(PROMs), a leg examination (clinical outcome), perfor
mance tests and movement and muscle activity analyses
of walking, running, balance, muscle strength and sin-
gle-leg hop (functional outcome, Fig. 1). The association
between the PROMSs and the other outcomes was tested
using beta regression, and the influence and interaction
between the groups was tested using the likelihood ratio
test.

Subjective knee function was associated with most clini-
cal and functional performance outcomes, and subjective
knee confidence and activity level with movement and
muscle activity analyses. Higher slopes for ACL:IB than for
ACL:R were observed for most of these associations.

Overall, subjective knee function (as assessed by PROMs)
is associated with objective knee function after ACL sur
gery, and patients after ACL:IB may perceive better subjec-
tive improvements than patients after ACI-R when com-
parable improvements in leg performance (e.g. muscle
strength) are present.
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Optimization of Bone Ablation with a Ho:YAG
Laser for Endoscop-ic/Fiberscopic Laser
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Figure 1: A schematic of the ablation setup after the laser output is aligned with
two metallic mirrors. The lens (f=10 cm) was used to focus the laser beam on bone
samples (picture: C.Cetin).
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Figure 2: Picture of the line cuts generated using the Ho:YAG laser (left) and the
corresponding OCT image of the cuts (right). Only the cust with numbers were
considered in the experiments. (picture: BLOG).
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Master’s Thesis by Cigdem Cetin at Biomedical Laser
and Optics Group (BLOG)

Contactless interventions performed with laser are as-
sociated with low collateral damage to the tissue, faster
healing, and higher accuracy (1). Water absorbs light in a
wavelength spectrum of around 2.1 um, so Ho:YAG (Hol-
mium Yttrium Aluminum Garnet) lasers, which produce
light can be coupled into flexible and low-cost fibers (2).
During laser ablation, particularly thermal ablation, tissue
needs to be hydrated using an irrigation system and moni-
tored to avoid any unwanted side effects while monitoring
the surface temperature of the bone with a thermal cam-
era. Hence, we used different irrigation systems to obtain
an efficient ablation without carbonization. Furthermore, a
pressurized air nozzle was used to clear the laser path and
remove the excessive water and debris accumulated on
the surface of the bone sample. The setup can be seen in
Fig. 1. During the ablation experiments, laser energy was
fixed to 550 mJ considering fiber delivery and the later
use in minimally invasive bone surgeries. At this energy
level, we then compared continuous and feedback-driven
irrigation systems. After determining the ablation duration
and repetition rate, the depth of ablation was optimized
to be 1 mm by using continuous water irrigation. The ob-
tained cuts can be seen in Fig. 2. These experiments were
performed to avoid excessively long laser expo-sure of the
tissue
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Automatic Curvature Measurement of the Left
Atrium from Cardiac Magnetic Resonance
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Figure 1: The proposed pipeline for curvature measurements: the inputs of the
pipeline image are cardiac MRI (1). A binary segmentation is performed to create
a mask of the atrium (2). A mesh is then reconstructed (3), and a point cloud is
created from the mesh's vertices (4). Point cloud segmentation is performed with
a point-wise classification to segment the left and right pulmonary veins (5). The
mesh is then labeled according to the point cloud segmentation (6). The curvatures
are measured on the original and the segmented mesh. Other features related to
the shape are also extracted (7) (picture: H. Corbaz, CIAN).

Figure 2: Example of the inference of the points cloud segmentation on meshes
generated by the inference (picture: H. Corbaz, CIAN).
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Master’s Thesis by Héléne Corbaz (Department of Bio-
medical Engineering, University of Basel) at Cen-ter
for medical Image Analysis & Navigation (CIAN).

Atrial fibrillation (AF) is caused by anarchic electrical sig-
nals within the atrium. It is the most common fibrillation
and affects about 1-2% of the general population (1). This
pathology can cause uncomfortable symptoms for the pa-
tient and lead to severe complications. Several approaches
exist to treat AF, and one of the most important is pulmo-
nary vein isolation (PVI) (2). PVl is an invasive procedure re-
alized by catheter ablation. Even if this intervention is safe
and efficient, some patients still have recurring AF after
the procedure. Previous studies showed that the shape of
the atrium impacts the success of the PVI intervention and
the recurrence of AF among many other clinical factors
(3). Nevertheless, these studies were performed on small
patient datasets and did not include a complete investiga-
tion of the shape features of the atrium. Studies on more
extensive datasets need to be performed, including more
shape features, such as curvature, to determine whether
they could be interesting clinical biomarkers and predic-
tors of the recurrence of AR However, the manual seg-
mentation of the atrium and the feature measurements is
time-consuming, operatordependent, and non-realistic on
such an extensive dataset.

For this, we aim to develop a pipeline that automatically
segments the atrium and extracts the investigated fea-
tures. The result of this project shows that such a pipeline
is achievable. In the field of this thesis, the main focus was
on point cloud segmentation and feature extraction. The
point cloud segmentation resulted in an accuracy of 85%.
Further work is needed to rework the binary segmenta-
tion, and clinicians must perform investigations to decide
which extracted features have a clinical interest.
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Registration of a Surgical Tool Based on CT Data
and Optical Tracking

Figure 1: Optical tracking system (Qualisys) setup in veterinary OR (picture: A. Iva-
nova)

Figure 2: Live 3D visualisation of tool and anatomical target in a software GUI
(picture: A. Ivanova)

Master’s Thesis by Aleksandra Ivanova (University of
Glasgow) at BIROMED-Lab.

Animal orthopaedic surgeries are performed routinely,
however without surgical guidance involved and solely
according to the surgeon’s judgement. Therefore, the mo-
tivation behind the project was the need to assess the
feasibility and accuracy of integrating a navigation system
in the vet OR and to create a simple, intuitive guidance
tool for surgeons to perform interventions with better pre-
cision and minimal invasiveness. The final product created
was a software with a graphical user interface, relying on
pre-operative CT-based registration and intraoperative op-
tical tracking of the surgical instrument and patient’s anat-
omy in 6 DOF to help the surgeon target and navigate the
site of procedure accurately and confidently.

After carrying out accuracy tests with and without camera
occlusions, it was evident that the optical tracking system
was able to achieve a very high positional and angular ac-
curacy of less than 0.5mm and less than 0.5° error with
4 or 5 non-occluded cameras. With fewer cameras, the
accuracy was compromised. The software tool managed
to provide real-time visual feedback and 6 DOF informa-
tion of the instrument’'s pose relative to the anatomical
target. Furthermore, the tracking system was set up in a
vet OR to determine the optimal hardware arrangement
and prove that it is feasible to integrate in the OR. Finally, a
list of guidelines was provided on how to implement it for
optimal results. With the promising accuracy results and
some future improvements, the guidance system could
find application in real animal surgeries and potentially be
beneficial in robot-assisted surgeries as well.
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Bioresorbable Implants for Corrective
Osteotomies of The Distal Radius

\

Figure 1: Virtual planning, segmentation of DICOM data and creation of 3D models
of the bones of interest. (picture: Swiss MAM)

Figure 2: (left) Virtual design of implants using CAD software (right) 3D printed
implants implanted into a cadaver bone (picture: Swiss MAM)
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Master’'sThesis by Adam Jakimiuk (Department of Bio-
medical Engineering) at Medical Additive Manu-factur-
ing Research Group.

The distal radius fracture constitutes 8% to 17% of all
bone fractures and up to 72% of all forearm fractures. It
is thus the most commonly fractured bone in the human
body. Despite many different techniques of treatment
post-treatment complications can still occur. The most
common complication is the malunion of distal radius frac-
ture which can cause symptoms such as pain, limited mo-
bility, hand weakness, dysfunction, or arthritis. (1,2)

The most common surgical procedure to manage the mal-
union of the bones is called corrective osteotomy. The cur-
rent gold standard for securing the bone parts after oste-
otomy cut is with the use of titanium plates and allografts
which has disadvantages such as possible allergic reac-
tion, additional operations such as extraction of the graft
from other site and removal operation. (3)

In this thesis, the viability of using synthetic, 3D-printed,
patient specific implants (Fig. 2) consisting of 70% poly
(l-lactide-co-D, L-lactide) (PLDLLA), and 30% B-TCP has
been investigated as an alternative. Following a virtual
planning (Fig. 1) mechanical tests have been performed
for material characterisation, biomechanical tests with the
use of cadaver bones have been performed to assess the
stability of the connection and degradation tests in phos-
phate buffer solution to assess the viability of the con-
struct in short and long term by means of degradation and
surface chemistry. All PLDLLA/ B-TCP implants withstood
a compressive force of at least 1’211 N which exceeds
the maximum force reported in literature in case of a fall
from the height of 1T m. measurements. Furthermore, the
results showed a consistent surface chemistry and slow
degradation rate.

The explored technique appears to hold great promise for
numerous patients who are not suitable candidates for tra-
ditional titanium plate implants.
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Predicting Remyelination in Multiple Sclerosis
Patients using Deep Learning

Figure 1: QSM lesion types classified as remyelinated lesions. A = iso-intense, B =
hypo-intense. (R. Rahmenzadeh)
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Figure 2: The registration pipeline used to register images from different time
points for longitudianl data analysis. (T. Jayakumar)
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Multiple Sclerosis (MS) is a chronic inflammatory disease
that targets the Central Nervous System whose effects
can be seen as demyelination and axonal/neuronal dam-
age. Previous studies by Rahmanzadeh et al. (1) have
demonstrated that remyelination can be detected on
Quantitative Susceptibility Mapping (QSM) and that moni-
toring remyelinated lesions might serve as a biomarker for
disease progression.

Therefore, the aim of this Master's thesis was to distin-
guish between remyelinated lesions and non-remyelinated
lesions in patients affected by MS with the help of deep
learning (DL). The objective extended beyond mere differ
entiation; it sought to predict if a lesion would undergo
remyelination in the future. This objective was achieved by
using retrospective advanced MRI in Imaging the Interplay
Between Axonal Damage and Repair in Multiple Sclerosis
(INsIDER) dataset (2) and clinical MRI in the Swiss Multi-
ple Sclerosis Cohort (SMSC) dataset (3). The ground truth
remyelinated masks were segmented on the QSM from
the advanced MRI. Data from the two closest time points
in the SMSC dataset separated by 5-17 months were uti-
lized to help the network detect remyelination over time.

The DL method developed in this study was based on
UNEt TRansformers (UNETR) (4). Upon validating the re-
sults of the lesion segmentation, it became evident that
using UNETR in its original segmentation configuration
was not optimal for our specific needs. Consequently, we
adapted the network for binary classification to distinguish
between remyelinated and non-remyelinated lesions. This
modified classification approach proved to be more effec-
tive than the original method.
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Preconditioning of Adipose-Derived Stromal

Cells for Chondrogenesis

Figure 1: Safranin-O stained histological section of sample collected after 4 weeks
of chondrogenic differentiation (left) and the same sample after segmentation for
quantification of chondrogenic quality with the Al driven Automated Modified Bern
Score method (right) (Picture: C. Jolérus, VBBG).

All Donors P3 4w Chondro
All Donors P5 4w Chondro

p=0.0295
| —

120 —6 —
s <

S P~
__ 100 o A g
E 435 = 3

R K]
AMBS g 80 —4'; ;22 E.
mo |z 18 o 2
2| g 60 _32 s £
=02 13 : g
B 56 | 5 40 S = 2 ]
— 3 o E %
E ] e E i
2 g s
20 —1§ 2

0! ] N
@ & L
e o & & & &
£ & 8 < &

Figure 2: Evaluation of chondrogenesis of samples generated at passage 3 (left)
and passage 5 (right) with the Automatic Modified Bern Score. The images show
that there is no significant improvement in chondrogenic differentiation potential
when preconditioning cells compared to standard conditions. Additionally, the im-
ages illustrate a clear drop in chondrogenic differentiation potential between the
two passages. (picture: C. Jolérus, VBBG)
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Master’s Thesis by Claes Jolérus (Department of Bio-
medical Engineering, University of Basel) at the Vascu-
larized Bone Biofabrication Group.

Severe or large bone defects can impaire the natural regen-
eration process of bones. Defects develop from infection
(Osteomyelitis) or congenital diseases (Symbrachydacty-
ly). Currently, these conditions are treated by autologous
bone grafts. However, despite the good regeneration ca-
pacity, this method has disadvantages such as donor site
morbidity and potential for complications from surgery. A
tissue engineering approach can been used for treating
bone defects. Isolated Human adipose-derived mesen-
chymal stromal cells (ASCs) could be used to produce in
vitro cartilage tissue to form bone tissue after implantation
at the defect site. If successful, this innovative approach
could overcome the disadvantages of autologous bone
grafts while achieving a similar regeneration potential. The
main limitations of this therapy is the inherent interdonor
variability in the monolayer expanded stromal cells chon-
drogenic differentiation potential. But cell preconditioning
can be used to counteract this limitation.

This master thesis aimed at providing insights into the
necessity of bone morphogenetic protein 6 (BMP6) and
potential benefits of cell preconditioning on chondrogenic
differentiation in ASCs. Chondrogenesis in cells was eval-
uated from passage 0 to 5 through various techniques,
such as the evaluation of released glycosaminoglycan
concentration in cell culture supernatant, volumetric anal-
yses and Al driven quantification of Safranin-O stained
histological section of the in vitro generated cartilage tis-
sues. We demonstrated that BMP6 was not needed after
2 weeks of chondrogenic differentiation to ensure proper
chondrogenesis in ASCs at passage 0. We showed that
none of the tested preconditioning leads to significant im-
provement of the chondrogenic differentiation at passage
3 where chondrogenesis was achieved and passage 5
where it was impaired. These findings may have practical
implications for improving the efficiency and cost-effec-
tiveness of chondrogenic differentiation protocols. Further
investigations are required to identify potential targets for
improving chondrogenic potential of expanded ASCs.
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Fabrication of Functional Muscular Thin Films
for Biohybrid Soft Robotics
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Figure 1: Scheme showing the tissue culture process: Using skeletal muscle cells
(C2C12) after 2 days of tissue culture, seeding the cells with a hydrogel containing
Matrigel, Fibrinogen, and thrombin, keeping culture 1 day in GM+, switching the
next day for DM++. After 6-9 days a thin mature muscular tissue was obtained
(picture: B. Lheimeur).
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Figure 2: A- Inverted microscopy image of myoblast cultured on microgrooved 250
pum thick thin film (1:20 PDMS) on day 6 in DM++. The microgroove parameters:
300 ym width, and 100 pm depth. B- Fluorescent imaging of myoblasts stained
with Factin, DAPI, and MyHC after 10 days in DM++ (green, F-actin; blue, nuclei;
magenta, MyHC), 300 um-wide channels and a channel depth of 100 pm coated
with Fibronectin. Scale bars: 100 pm. C- X-Y plot showing the orientation distri-
bution of myotubes; 48% oriented at 75.06°(picture B. Lheimeur, A. Balciunaite)..
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The combination of biology and robotics in a working
unit aims to create soft and controllable living systems
that have unique functionalities (e.g., environmental
adapta-tion and self-healing). Planar structures are good
designs for biohybrid scaffolds as they can be efficiently
perfused by liquid media during cell culture. It is import-
ant to have good cell alignment as it translates to great
force generation. Additionally, providing a rich extracellu-
lar matrix (ECM) environment to the cells is important for
determining their differentiation fate. In this study, a thin
PDMS film was actuated with skeletal muscle cells. The
PDMS surface contained topographical cues to align cells
and improve the differentiation and maturation process. A
new hydrogel formulation containing Matrigel, which has
shown good results in previous studies was tested (1).

The study findings suggest that PDMS-based mi-
cro-grooved thin films have the potential to align cells ef-
fectively in tissue engineering. The addition of Matrigel to
the hydrogel formulation also enhances cell differentiation
and maturation. The resulting flexible thin scaffolds hold
promise for utilization in biohybrid robotics, with particular
success observed in the locomotion of the developed con-
structs under electrical stimulation.
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Effects of Sterilization on the Accuracy and the
Mechanical Performance of 3D-Printed Surgical

Guides Materials

Figure 2: Assessment of sterilization effects: (A) color-coded deviation map of
steam sterilized cranial surgical guide with a threshold set between +0.1Tmm, (B)
color-coded deviation map of plasma sterilized cranial surgical guide with a thresh-
old set between +0.1mm, (C) crack propagation of steam sterilized cranial surgical
guide, and (D) SEM image indicating surface degradation of the 3D-printed surgical
guide material (picture: A. Manea).
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Master Thesis by Adriana Manea (Department of Bio-
medical Engineering) at Swiss Medical Additive Man-
ufacturing (Swiss MIAM) Research Group.

Surgical guides are three dimensional (3D)-printed cus-
tomized medical devices a surgeon uses to guide a surgi-
cal procedure (Figure 1). The use of surgical guides yields
more accurate results than free-hand surgery, reduces
the overall duration of a medical procedure, as well as in-
crease the safety of the procedure (1,2).

The objective of this thesis was to investigate the impact
of steam and plasma sterilization on materials for Stereo-li-
thography (SLA) 3D-printed surgical guides, employing two
distinct resin materials (BioMed Clear and BioMed Am-
ber). To achieve this, a comprehensive study was conduct-
ed, encompassing dimensional accuracy and an examina-
tion of mechanical properties, with a specific emphasis on
flexural properties. Subsequently, a fractographic analysis
was carried out to identify the failure mode, and a surface
analysis was performed to assess surface degradation.

The findings indicated the absence of accuracy concerns
(Figure 2A, 2B); however, mechanical and structural alter
ations were observed. Following steam sterilization, the
clinically applicable 3D-printed surgical guide designed
for cranial applications exhibited cracks, rendering them
unsuitable for practical surgical use (Figure 2C, 2D). In
contrast, no such adverse effects were noted with plasma
sterilization.

In conclusion, considering the study's limitations, it is
evident that plasma sterilization proves to be a more de-
pendable method compared to steam sterilization when
applied to the specified 3D printed resin materials.
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Emergency Department 2.0: Improving Medical
Care with Machine Learning
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Figure 1: Experimental setup. Objective parameters measured at triage and during
the consultation are used to predict hospitalization and mortality. (image: J. Cutuli
and A. Mettler)
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Figure 2: AUC measures using XGBoost for Hospitalization prediction based on
nine vital parameters obtained at triage (on the upper left), an extended set of triage
parameters (upper right), information including examps performed (lower left), and
additional vital parameters at discharge (lower right). (graph: A. Mettler)
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The aim of this Master thesis was to find a machine learn-
ing (ML) algorithm that allows prediction of the need for
hospitalization as well as mortality within 30 days after
emergency department (ED) presentation. Herewith, a
baseline should be laid for implementation of artificial in-
telligence in different time steps of the ED presentation.

The medical dataset was obtained in the setting of the
EMERGE study at the Basel University Hospital ED (1). It
contains data of the ED presentation, such as for example
vital parameters, various scores, text data, and informa-
tion about exams performed.

With the prediction of Hospitalization, we aim to amelio-
rate patient flow in the ED by allowing early planning for
the need of hospital beds. By predicting which patient has
a high risk of Mortality, the patients who need most atten-
tion can be identified as early as at triage, and thus patient
safety might be improved.

The algorithm should use objective values such as vital
parameters, which are registered during the ED presen-
tation, and predict whether the patient needs to be hos-
pitalized or might not survive the 30 days following the
ED presentation. Different ways of dealing with missing
input values were considered, as not all vital parameters
are reported for every patient. We tested a scalable tree
boosting system called XGBoost (2), and a multilayer per
ceptron (MLP) with different sizes of inputs.

From a clinical perspective, the performance of XGBoost
on predicting the need for hospitalization based on few
inputs is surprisingly good. The MLP performed well for
the rare outcome mortality.

Assuring a safe implementation of ML in daily clinical rou-
tine to the best patients’ benefit is an important task that
healthcare professionals face in the near future.
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Letting Bio-bots Roam Free: Wireless Actuation
of Skeletal Muscle Constructs

Figure 1: Bio-actuated robot composed of a contractile hydrogel-based C2C12
skeletal muscle ring and an elastic and conductive carbon black enriched PDMS
skeleton (picture: D. Milone).

Figure 2: Calculation of passive and active contraction force: (a) Deflection calcu-
lation with ImageJ, (b) Passive deformation simulation with Ansys (picture: D. Mi-
lone).
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Figure 3: LT-spice RLC circuital simulation of the wireless power system and burst-
mode signals used for triggering contraction in muscle cell constructs (picture: D.
Milone).
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Master’s Thesis by Davide Milone (Department of Bio-
medical engineering, University of Basel) at the Soft
Robotics Lab, ETH Ziirich.

Biological skeletal muscle tissue actuators could produce
controllable motion in response to electrical stimuli. It was
proved that pulsed direct current (DC) can induce contrac-
tion in cell cultures and constructs, however, the dynamic
state of the tissue was strictly dependent on the morphol-
ogy of the cells and the electrical parameters provided.
An optimal cell maturation and differentiation was crucial
for a strong contraction capability and can be improved by
mechanical and electrical training during the cell growth.
In vitro electrical stimulation was usually induced by direct
coupling of the electrodes to the cell medium (1) or pulsed
light stimulation (2). Even though these approaches were
efficient in terms of ES delivering, their cytotoxic and mu-
tagenic effects interfere with the cellular health and nature
(3).

The aim of this project was to induce the contraction of a
hydrogel based C2C12 skeletal muscle ring by electromag-
netic field. The coupling of the ring and a PDMS compliant
skeleton constituted a bio-hybrid robot able to contract
and spring back to the original position in response to each
muscle twitch. A wireless petridish-sized magnetic induc-
tion set-up was built and adapted to the bio-bot needs
aiming to deliver the most suitable electrical parameter
configuration for contraction through a non-harmful con-
duction system. In order to create a flexible and conduc-
tive interface between the ring and the skeleton, the pil-
lars were enriched with conductive carbon black particles.
The circuital and magnetic induction settings were simu-
lated before assembling the electrical components. Finite
Element Analysis (FEA) was performed on the skeleton,
so that, the ideal stiffness and compliance of the PDMS
could be estimated. The capability to remotely control the
contraction has always been a challenge for the bio-hybrid
robotics field and with this project we were trying to over
come it.
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Quantitative Evaluation of Shared Surgeon-
Robot Workspace for Robot-Assisted Knee
Surgery and Training

Figure 1: Set up of three (out of five) Qualysis cameras (red) capturing the tools
and arms which have markers attached (green) during the simulated surgeries. The
camera (orange) video captures the entire procedures (picture: E Neumdiller).
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Figure 2: Aggregating all data points of the four tools leads to the total volume cov-
ered by the tools. The volume of the highest density can be approximately bound
from 300mm left of the knee to 300mm right of the knee. The space from 100mm
below the knee to 300mm above the knee and 200mm beyond the knee to 200mm
in front of the knee is densely frequented (picture: F Neumdiller).
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Master Thesis by Fabian Neumiiller (Department of
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Robots for Medicine-Lab (BIROMED).

To be familiar with the medical procedures and the tech-
nology used during surgery, various training regimes have
been developed for trainee surgeons, such as virtual sim-
ulators for knee surgeries. We aim to enable the use of
robotic assistance in endoscopic knee surgery and train-
ing by assisting the trainee using a robot-mounted surgery
tool. Thus, the shared surgeon-robot workspace which is
the volume in which the surgeon moves the surgical tools
during the procedure, needs to be quantified.

A user study with eight surgeons was conducted. The
motion of the surgical tools and arms while performing
multiple procedures on the VirtaMed ArthoS knee simula-
tor were tracked (Figure 1). The 3D positions and the ori-
entation were captured with a Qualysis tracking system.
The user study resulted in a defined workspace volume
for the surgical tools (Figure 2) and an occupied volume of
the surgeon’s arms as obstructions. Observations in the
operating theatre highlighted regular knee motions by the
surgeon, which are not reflected in the user study results.

The results quantify the workspace required for a robot
that can potentially hold the tool for assistance in training
and a workspace that the robot cannot occupy in order not
to obstruct the surgeon.

Facts and Figures

The surgical tools occupy a volume of [632mm x 441mm
x 450mm] . The arms covered a volume of [888mm x
1186mm x 618mm] during the simulated procedures.
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Total Human DNA Sampling
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Figure 1: FilterUnit after sampling traces and before processing in the lab. This
shows the traces after sampling a 4.5 m? carpet (picture: C. Neves).
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Figure 2: The red circles show what traces are currently possible to cover when
the CSl arrives at the crime scene. The green field shows what is possible to cover
with “Total Human DNA Sampling”(picture: https://www.measurepoint.de/crime-
scene/, modified by: C. Neves).
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Master’s Thesis by Colino Neves (Department of Bio-
medical Engineering, University of Basel), at Depart-
ment for Forensic Molecular Biology, Institute for Fo-
rensic Medicine Bern.

The objective of this research was to develop a method
for efficient large-area DNA sampling and to address the
challenge of dealing with DNA mixtures in forensic sci-
ence. A technique utilizing a vacuum cleaner and filter
was developed for collecting samples from a large sur
face area. The subsequent filter fragmentation and paral-
lel processing significantly reduced the complexity of the
dust mixture, allowing for interpretable DNA profiles to
be obtained from individuals present on the sampled sur
face. The method was validated in a controlled laboratory
setting and applied in a simulated crime scene contain-
ing resident background DNA, resulting in the creation of
database-compatible DNA profiles from the “perpetrator”
who was present at the simulated crime scene for less
than a minute. Overall, at least 40% of the created DNA
profiles on all sampled places had the potential to be sub-
mitted to the Swiss DNA database. These findings have
the potential to provide additional investigative leads for
law enforcement, particularly in cases where all other ave-
nues of investigation have been exhausted.
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Additive Manufacturing of Patient-Specific Bone

Grafts at the Point of Care
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Figure 1: The top surface of 3D printed scaffolds with different porosity and wall
thickness (picture: Swiss MAM).
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Figure 2: CAD comparison of original models and scanned models of 3D printed

scaffolds. The color bar indicates a threshold set between +0.4mm (picture: Swiss
MAM).
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Master’s Thesis by Isabella Ortiz (Department of Bio-
medical Engineering) at Medical Additive Manufactur-
ing Research Group.

Craniomaxillofacial (CMF) bone defects occur due to con-
genital abnormalities or are acquired through trauma, can-
cer, or infection (1). Autologous bone grafts are the gold
standard for the treatment of large bone defects that use
bone from a secondary site to replace the missing bone.
Two surgeries, nerve and vascular injury, and bone site
morbidity are drawbacks of this procedure (2).

An alternative treatment that uses bioresorbable polymer
composite scaffolds has emerged as a promising solution
to repair CMF bone. Fabricating scaffolds with a complex
architecture resembling bone morphology is possible with
additive manufacturing.

In this thesis, four scaffolds (Fig. 1) based on gyroid unit
cells were designed to exhibit biological characteristics
like those of trabecular bone. A biocompatible and biode-
gradable polymer composite, containing 70% poly (L-lac-
tide-co-D, l:lactide), and 30% B-TCP were used to fabricate
the scaffolds. According to the trabecular bone porosity,
scaffolds were designed to have 60 and 70% porosity val-
ues. For each porosity wall thicknesses of 0.8 mm and 1.0
mm were selected. Build accuracy (Fig. 2) and mechanical
properties of the scaffolds were investigated.

The results of this study show that the volume fraction,
or porosity, has an important influence on the mechanical
characteristics of the scaffold and that walls as thin as 0.8
mm meet the necessary mechanical requirements for the
scaffolds to be comparable to mandibular trabecular bone.
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Robot-Assisted Laser-Ablation of Engineered
Human Cartilage

Figure 2: Adaptation of sample position and orientation using externally accessible
leadscrews. (picture: N. Porciani).
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Master’s Thesis by Porciani Niccolo (Universitat Basel)
at BIROMED-Lab.

The ability to spontaneously heal articular cartilage inju-
ries is extremely limited. This aspect is even more evident
in full-thickness lesions. Healthy knee joint chondrocytes
are difficult to harvest without further damage to the ar
ticular surface. The autologous grafts based on them have
shown many drawbacks after being implanted. A new kind
of autologous graft, using nasal chondro-cytes as a more
appropriate source of cells, has been developed. However,
for the transplant to be successful, the dimension and the
shape of the graft must fit the articular defect. Previous
studies have demonstrated how refreshing cartilage de-
fects or reshaping the graft using surgical tools might be
highly harmful, reducing the probability of success of the
implant. On the other hand, promising results have been
noted when these procedures are performed through
laser ablation. Further investigation is required to better
understand the actual benefits of using lasers in place
of standard tools. The aim of this work was to develop a
container that allows to perform laserbased experiments
without contamination or damage to biological samples.
The design must guarantee flexibility during the experi-
ments and the possibility of using the container in any en-
vironment, even in unsterile ones. The developed device
is a compact, autoclavable and biocompatible box that is
suitable to be used in different experimental setups involv-
ing sterile samples. The 3 DoF inner platform and the mov-
able laser transparent sapphire window enable the user
to focus the laser light on different parts of the sample,
with the possibility to change its inclination and distance
from the laser source. Besides, custom-made airtight
junctions are meant to ensure sterility during the experi-
ments. It could be demonstrated through laser ablation ex-
periments on human cartilage samples that the proposed
device complies with all fundamental requirements. Thus,
this device can in the future be used to further investigate
lasercartilage interactions.
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Optimization of Fibrin-based Hydrogels for
Cardiac Tissue Engineering

=

Figure 1: top) Hematoxylin and eosin stained cryosections and corresponding as-
signments of tissue and void area used to calculate the porosity. Scale bar rep-
resents 50 um. bottom) Four-point probe system to measure the sheet conductivi-

ty. (picture: M.Puschmann, CSE).
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Figure 2: CiImmunofluorescence staining of a-sarcomeric actinin (green) and con-
nexin 43 (red). Cell nuclei were stained with DAPI (blue). White arrows indicate

elongated and/or interconnected cardiomyocytes. Scale bar represents 50 um.

-ES = not stimulated, +ES = electrically stimulated, GNP = graphene nanoplatelets,

LA = laminin (picture: M.Puschmann, CSE).

Master’s Thesis by Marc Puschmann (University of Ba-
sel) at Cardiac Surgery and Engineering (CSE)

The aim of this project was to investigate the effects of hy-
drogel formulation and electrical stimulation on tissue re-
modeling properties and cardiac cell maturation in vitro. For
this purpose, acellular and cell-laden fibrin—based hydro-
gels supplemented with or without laminin and graphene
nanoplatelets were prepared. Cell-laden con-structs were
cultured for seven days with or without elec-trical stimu-
lation. Acellular hydrogels were characterized by porosity
and conductivity (Figure 1), cellular constructs were as-
sessed by electrical pacing tests and extended histological
readout.

Characterization of acellular constructs demonstrated an
inverse relationship between fibrinogen concentration
and porosity, and no increased conductivity upon supple-
mentation with 0.04 wt% graphene nanoplatelets. Func-
tionality and contractility analyses showed not only an in-
creased maximum capture rate for electrically stimulated
constructs, but also an increase in contraction am-plitude.
Histological findings suggested a superior cardiomyocyte
maturation in terms of cell elongation and sarcomeric or-
ganization upon application of electrical stimulation during
culture or solely by dual supplementation with laminin and
graphene nanoplatelets (Figure 2). Overall, this study em-
phasizes the importance of electrical stimulation towards
the development of a functional syncytium and implies a
positive effect of laminin and graphene nanoplatelets on
cardiac maturation at the cellular level.
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Establishing Forensic Body Fluid Identification
by RNA Profiling into the Routine DNA

Extraction Workflow

Figure 1: An exemplarly scenario highlighting the potential of body fluid identifica-
tion through RNA profiling. The example shows a mixture of sperm and menstrual
or venous blood, with the presence of the latter indicating a possible injury as com-
monly observed in sexual assaults (photo/graphic: Institute of Forensic Medicine
Basel, Biorender.com.)
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Figure 2: RNA analysis output from the example (Fig. 1) with corresponding body
fluids reliably identified: sperm and menstrual blood (top), sperm and venuous
blood (bottom) (picture: Institute of Forensic Medicine.)
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Master’'s Thesis by Nicole Rittiner at the Department of
Forensic Genetics, DBE, Institute of Forensic Medicine,
University of Basel & Biozentrum, University of Basel.

DNA analysis in forensic casework matches crime-scene
samples with an individual’s DNA profile to identify a per
son of interest. However, no information on the type or
origin of the sample is provided, which may help in re-
constructing a crime scene (1). For this, RNA analysis has
gained significant attention for forensic body fluid identifi-
cation through extraction of mRNA or miRNA along with
DNA, enabling the identification of body fluids and their
respective origin (Fig. 1) and the contributor’s genetic DNA
profile (2,3,4).

A combined RNA/DNA co-extraction protocol has been
successfully developed, including a novel biomarker for
improved vaginal fluid detection. The designed RNA mul-
tiplex assay combines fifteen mMRNA and three miRNA
biomarkers to detect five relevant body fluids: peripheral
blood, semen, saliva, vaginal fluid, and menstrual blood.
The m/miRNA multiplex was validated for specificity, sen-
sibility and repeatability. The assay is compatible with end-
point PCR and capillary electrophoresis that now will be
integrated into the routine workflow of the forensic labo-
ratory.

By incorporating the established procedure into routine
casework, complex forensic questions will be resolved in
a manner that benefits society and justice. As shown in
the exemplary scenario and its results, we can now clari-
fy whether the bloodstain in the mixture with sperm was
caused by menstruation or an injury (Fig. 2), with the latter
indicating a potential sexual assault.
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Minimally Invasive 3D Bioprinting (MI3DB) for
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Figure 2: Extrusion of GelMA through tube of length 200mm and inner diameter of
337um (picture: D. Spothelfer).

Figure 3: Printed shapes with designed shape overlayed in red (picture: D.
Spothelfer).

Articular Cartilage Resto-ration in the Knee

Master’'s Thesis by Dominic Spothelfer (Swiss Fed-
eral Institute of Technology Ziirich - ETHZ) at the BI-
ROMED-Lab.

Articular cartilage defects in the knee are a common prob-
lem that can lead to pain, inflammation, and reduced mo-
bility. Bioprinting has emerged as a promising technology
for the treatment of such defects and using a minimally
invasive approach is expected to reduce complications
associated with the surgery and improve recovery time.
However, to our best knowledge, there are no examples
of minimally invasive bioprinting for articular cartilage de-
fect repair. Therefore, this project’s objective was to de-
velop a prototype test bench to evaluate the feasibility of
using minimally invasive 3D bioprinting (MI3DB) to treat
articular cartilage defects in the knee.

A comprehensive literature review of in situ bioprinting
devices for cartilage repair was carried out to find an ap-
propriate bioprinting mechanism and material for MI3DB.
Based on results from prior literature review, the proto-
type test bench was conceptualized using extrusion-based
bi-oprinting of Gelatin methacryloyl (GelMa). The proto-
type was designed and developed to incorporate the com-
ponents necessary to assess the feasibility of minimally
invasive bioprinting. A pre-iminary feasibility assessment
was carried out to investigate the impact of temperature
and nozzle geometry on the printability of biomaterial. The
results showed that it is feasible to form a continuous fila-
ment and print 3D structures. The precise control of tem-
perature and appropriate choice of nozzle geometry are
critical for the consistent deposition of biomaterial using
the developed platform.
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Integration of Sensing Elements in Engineered
Muscle for Proprioception in Bio-hybrid Robots

SAGG + 1% PPy + Collagen

SENSING INK

Figure 1: The picture on the left shows the multi-material printing on the 6-well
plate containing the agar bed. The temperature-controlled extruder contained the
bioink and the second extruder contained the sensing ink, here the PVA + SAGG
+ 1% w/v PPy + Collagen (1.6mg/mL). The pictures on the right are the well plates
containing both printed interfaces. The upper one with the SAGG + 1% w/v PPy +
Collagen (1.6mg/mL) sensing ink and the bottom one with the PVA + SAGG + 1%
w/v PPy + Collagen (1.6mg/mL) sensing ink (figure: L. Stefani).

Bioink SAGG + 1% PPy + Collagen | 12 PVASSAGG + 1% PPy

+ Collagen

Day 1 of DM++

Day9ofomes ||

Figure 2: Optical microscope images of the bioprinted interfaces. Control of the
myoblasts' maturation in the bioink and in both interfaces in DM++ on day 1 and 9.
On day 9, myotubes formation was clearly visible in each sample, especially in the
1:2 PVA:SAGG + 1% w/v PPy + Collagen (1.6 mg/mL) interface The objective x2.5
shows that there was no change in the shape of the sensing ink from day 1 to day
9. Scale bars: 200 um (figure: L. Stefani).
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Master’s Thesis by Lisa Stefani (Department of Bio-
medical engineering, University of Basel) at the Soft
Robotics Lab (ETH, Ziirich).

The field of soft biohybrid robotics is rapidly growing, with
scientists developing various types of actuators that re-
spond to external stimuli (1). However, one major aspect
missing to improve the movement of bio-hybrid robots is
proprioception, which requires bio-robots to sense their
own contractions.

To achieve this, a biocompatible, conductive, and printable
hydrogel that can deform upon the contraction of skeletal
muscle cells within it is needed. The resulting composite
must be soft and functional to avoid hindering the motion
of the actuator and have good affinity to the growing tis-
sue. Therefore, synthetic hydrogel will be mixed with sodi-
um alginate, gellan gum, and conductive fillers (e.g. poly-
pyrrole, carbon black) to create an optimal material that
meets all the criteria. Once the synthesized scaffold can
synchronize and conduct the contraction, sensing will be
possible using the piezoresistive properties of the materi-
al. The change in the material’s shape will cause variations
in the resistivity value read with a source measure unit,
connected to the sensing material.

In this project, a biocompatible and sensing interface was
developed to enable the growth of a muscle bioactuator in
contact with a piezoresistive sensor. However, testing of
the sensors in a biohybrid robotic demonstration was not
successfully achieved.
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Simulating Fatal Fall from Height Cases:
Evaluating Biomechanical Analysis Possibilities

Figure 1: Case #1: Simulated fall from height showing initial contact with the feet
approximately 1.62 sec. after initial takeoff. Simulation predicted 91% of injuries
correctly (picture: V.Towianski).
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Figure 2: Number of injuries as related to ground gonditions (Hard vs. Soft) at the
site of impact (picture: V.Towianski).
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Master’s Thesis by Veronica Towianski (Department of
Biomedical Engineering, University of Basel), at the
Forensic Medicine and Imaging Group.

Falls from a height are a frequent cause of injury and
death, second behind only traffic accidents in terms of in-
jury-related mortality [1]. The issue most often faced when
in-vestigating these types of cases is that most individuals
leave behind unanswered questions regarding the motive
behind these deaths. In many of these cases, the only
defi-nitive information available to investigators is the fall
height, found position, and injuries sustained. Using these
variab-les as inputs, the aim of this research was to utilize
biome-chanical models to obtain more information as to
the man-ner of the fall. To do this, we analyzed 39 fall from
height cases (defined as a fall from height greater than 2
meters) provided by the Institute of Forensic Medicine in
Basel, Switzerland. MSC Adams simulation software was
then used to simulate four of these cases, based on what
was known about the height of the fall and found position,
to predict injury patterns. The simulated injuries were then
validated based on their concurrence with the actual inju-
ries identified by CT and autopsy results. When comparing
the predicted (based on the simulation) and actual injuries,
it was found that the simulation predicted 83% of the inju-
ries in case #1 correctly, 91 % in case #2, 87% in case #3,
and 67% in case #4. However, none of the cases exhibited
initial segment velocities that were high or low enough to
definitively speak to the presence of a push based on the
simulation results alone [2]. In terms of influencing factors,
the data showed an almost-significant linear correlation
(R2 = 0.5928, p—value = 0.08) between the height of the
fall and the injury severity for soft landing surfaces. While
the trend was less emphasized for hard surface landings, a
trend was still visible (R2 = 0.35, p — value = 0.19). In light
of this research, it was shown that biomechanical mod-
els do have the potential to aid in forensic investigations.
However, due to limitations in current simulation software
development, these models should serve only as a guide
in forensic in-vestigations and not as a standard until fur
ther research can be completed.
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Organoids Microscopic Image Analysis Using
Convolutional Neural Network
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Figure 1: A control diagram (image analysis part only) of the robotic organoids incu-
bator. Machine Learning Image Analysis and Focus Measure are constructed to be
offered to the control system as feedback (picture: W. Yang).

Figure 2: Classified organoids in Red (0 day), Green (1 ~ 3 days old), and Blue (+4
days) by the convolutional neural network model. Each color represents a growth
level of organoids (picture: W. Yang).
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Master's Thesis by Woosik Yang (Department of
Biomedical Engineering, University of Basel) at BI-
ROMED-Lab.

This project proposed how to develop two feedback loops
to control an automated robotic organoids incubator. First,
the focus measure method was adapted to enable the
incubator to select good-quality microscopic image data
among a mass dataset on its own. The methodology,
also, offered feedback to the control system of a camera
robotic arm to adjust the camera position and capture a
well-focused microscopic image. Then Convolutional Neu-
ral Network, CNN, models were constructed to analyse
the acquired images and make feedback for the perfusion
control which could stimulate the vascularization of organ-
oids in the incubator. One of the CNN models classified
the development stages of organoids and identified the lo-
cations of the organoids. A segmentation model was also
built to measure the volumetric growth of capillaries which
were sprouted from the fully grown organoids vascular
tube. In short, the purpose of this project was to construct
feedback for fully automated microscopic image capturing
and processing the image with a help of machine learning.
Therefore, the robotic organoids incubator can produce or-
ganoids without any human intervention.
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Figure 1: A control diagram (image analysis part only) of the robotic organoids incu-
bator. Machine Learning Image Analysis and Focus Measure are constructed to be
offered to the control system as feedback (picture: M. Zuber).
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(a) Ae. albopictus (c) Ae. japonicus

(b) Ae. geniculatus

Figure 2: An Inception Resnet v2 is trained to distinguish the three mosquito spe-
cies Ae. albopictus, Ae. geniculatus and Ae. japonicus based on shape, size and
texture (pictures: Vector Control Group, Swiss TPH).

Automated Detection of Tiger Mosquito Traps
with Deep Learning

Master’s Thesis by Moira Zuber (Department of Bio-
medical Engineering, University Basel) at the Center
of Medical Imaging and Navigation (CIAN).

This Master thesis aims to develop a Machine Learning
tool for automatic detection and identification of eggs of
the invasive Asian tiger mosquito. As part of the Swiss Na-
tional Surveillance Program organized by the Swiss TPH,
egg traps are laid out across Switzerland. The two main
tasks performed by the entomologists are counting of the
number of eggs as well as classification of the mosquito
eggs into one of three possible species.

A tool was designed that solves the counting and classi-
fication tasks using Deep Learning. An iPhone X camera
is used for image acquisition, equipped with a macro lens
for magnification boost. The mos-quito eggs are detected
using YOLOVS8, a popular object detection tool. Classifica-
tion of detected eggs into the possible mosquito species
is performed by an Inception Resnet v2. The developed
models are incorporated in a userfriendly iPhone applica-
tion, which is designed to accelerate the workflow of the
entomologists when analyzing the mosquito traps.
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