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The PhD Program for the Bioengineering and Bioelectronics curriculum provides
interdisciplinary training at the interface between technology and biomedicine. The
general objective of the program is to form research technologists capable to deal with
multidisciplinary projects and to face complex challenges at the interface between
technology and life-sciences. The training to the students is delivered through the indepth involvement into a three-year research project supplemented by specific didactic
modules dealing with computational and experimental methods. The direct link with
different laboratories at both the Department of Informatics, Bioengineering, Robotics
and System Engineering (DIBRIS) and the Italian Institute of Technologies (IIT) will ensure
a unique scientific environment to the students to carry out international research
projects. The main research interests lie within the following broad themes:
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Biomedical imaging, Bioinformatics and medical information systems
Bioelectronics, biomedical devices and bio-sensors
Molecular, cellular and tissueengineering
Neuroengineering and neurotechnology
Micro and nano-systems in medicine and biology

The training will start with plans tailored to the need and interests of each individual
student and aimed at bringing all students to a common understanding of the key
scientific aspects and investigation tools of the different research themes. This will be
obtained also by planning exchange of students for 6 to 12 months with national and
international laboratories where particularly interesting experimental techniques and/or
strategic scientific approaches are well established.
The ideal candidates are students with a higher level university degree willing to be
involved in multidisciplinary studies and to work in a team of scientists coming from
different background but sharing common objectives. The proposed themes are
presented in details in the following indicating tutors and place (University Department
or Italian Institute of Technology – IIT) where the research activity will be developed.
International applications are encouraged and will receive logistic support with visa
issues, relocation, etc.
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1. Development of computational models of cortical assemblies to understand
their computational properties as a function of different network topologies
Tutor: Paolo Massobrio
Department: DIBRIS (University of Genova)
www.dibris.unige.it
Description:
Behaviors require interaction with the environment and the contribution of different
brain areas depending on the orchestrated activation of large neuronal assemblies. The
present project aims at investigating how to effectively interact with neuronal systems
by understating the role of the network connectivity in the computational properties of
small/large/interacting neuronal networks. In particular, during the three-year research
project, different computational network models will be developed and investigated, in
order to: i) characterize the spontaneous activity of networks of neurons with different
architectures. In particular, 2D uniform/homogeneous networks, 2D interconnected
networks made up of few sub-populations (from 2 up to 4), and 3D structures will be
taken into account. The observed dynamics will be investigated by checking whether
particular configurations may promote phenomena like synchronization, emergence of
critical phenomena, interplay between structural and functional connectivity; ii)
characterize the stimulus-evoked activity induced by electrical stimulation in networks of
neurons with different architectures. It will be investigated whether the evoked
responses (i.e., the I/O function) can be modulated by structural connectivity.
Requirements: background in bioengineering, computational neuroscience, computer
science. Interests in understanding/learning basic biology. High level of proficiency of
one of the following sw (Matlab, C++, Python) is required.
Reference:
C.J. Honey, J.P. Thivierge, O. Sporns, Can structure predict function in the human brain?,
Neuroimage, Vol. 52, 2010.
P. Massobrio, V. Pasquale, S. Martinoia. Self-organized criticality in cortical assemblies
occurs in concurrent scale-free and small-world networks. Scientific Reports, Vol. 5, 2015
Contacts: paolo.massobrio@unige.it
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2. Sensory processing in large-scale hierarchical networks of interacting
neuronal assemblies
Tutors: Paolo Massobrio, Silvio P. Sabatini
Department: DIBRIS (University of Genoa)
http://www.dibris.unige.it/en
Description:
How interactions between neurons relate to tuned neural responses is a longstanding
question in systems neuroscience. Feed-forward networks provide a minimal framework
to study coding and decoding strategies as well as to interpret certain aspects of cortical
information processing. Following this architectural paradigm, deep networks have been
proposed to specialize for different perceptual tasks, for taking decisions, or planning
motor acts. However, such networks rely on an over-simplification in which single nodes
model homogeneous population of cells, and connections represent average interactions
among populations (i.e., meta-network approach).
Starting from these premises, the proposed project aims to increase the complexity and
the realism of the model by designing and analyzing the behavior of large-scale
hierarchical network of interacting neuronal assemblies. Each node should be modeled
as an assembly composed of excitatory and inhibitory neurons with their own dynamics.
The neurons of each assembly will respond to properties of the visual signal through
their afferent receptive fields. Yet, their overall behavior will emerge from recurrent
interactions, and will be ruled by network-parameters, like balance between excitation
and inhibition, kind of connectivity, number of neurons of each of these assemblies. The
goal is to develop a new model and to investigate the role of specific vs. unspecific
inhibition on the tuning properties of the single cells, and on the efficiency of the code
provided by the emerging functionally homogeneous populations, and on their
attendant adaptation capabilities. The dynamic properties of the network will be
analyzed in relation with the interconnections topology, and eventually related to its
sensory processing capabilities.
Requirements: background in bioengineering, computer science, physics or related
disciplines, strong interest in computational neuroscience. Attitude for problem solving.
Interests in understanding/learning basic biology.
References:
A. Kumar, S. Rotter, A. Aertsen (2010). Spiking activity propagation in neuronal networks:
reconciling different perspectives on neural coding. Nature Rev. Neurosci. 11:615-627.
P. Massobrio, V. Pasquale, S.Martinoia (2015). Self-organized criticality in cortical
assemblies occurs in concurrent scale-free and small-worl networks. Scientific Reports
5:10578.
S.P. Sabatini (2014). Deep Representation Hierarchies for 3D Active Vision. KI - Künstliche
Intelligenz, 29(1):31-40.
Contacts: paolo.massobrio@unige.it, silvio.sabatini@unige.it
4

3. Novel targeted drug formulations for infections in cystic fibrosis
Tutors: Laura Pastorino
Department: DIBRIS (University of Genova)
www.dibris.unige.it
Description:
Chronic pulmonary infections by Pseudomonas aeruginosa are characteristic of cystic
fibrosis (CF) patients, representing a limiting-life factor, currently treated by antibiotics.
However, the efficacy of such treatment protocols is limited by the overproduction of a
viscous and highly complex mucus in CF patients, which limits drug bioavailability and
targeting at the site of infection. As a consequence, the administration of high drug
concentrations is required, which results at the end in systemic side effects. Currently,
the main challenge in the therapy of CF-associated infections is then related to the
engineering of targeted and more efficient drug formulations.
The proposed theme of research concerns the development and characterization of
nano-in-micro drug formulations displaying properties suitable for pulmonary
administration and able to overcome the mucus barrier. To this aim the nanoparticles
should display dimensions and chemical properties tailored to pass through the mucus
layer, reaching thus target bacteria. Since the nano-dimension is not suitable for
inhalable formulations, the nanoparticles should be loaded into microcontainers
specifically designed for efficient pulmonary delivery, displaying also a mucolytic activity
in order to facilitate nanoparticle penetration into the mucus layer.
Requirements: background in bioengineering, materials science, chemistry, physics or
related disciplines. Attitude for problem solving. Interests in experimental work in the
lab.
Reference:
Klinger-Strobel, M., Lautenschläger, C., Fischer, D., Mainz, J. G., Bruns, T., Tuchscherr, L.,
& Makarewicz, O. (2015). Aspects of pulmonary drug delivery strategies for infections in
cystic fibrosis–where do we stand?. Expert opinion on drug delivery, 12(8), 1351-1374.
Pastorino, L., Erokhina, S., & Erokhin, V. (2013). Smart nanoengineered polymeric
capsules as ideal pharmaceutical carriers. Current Organic Chemistry, 17(1), 58-64.
Contacts: laura.pastorino@unige.it
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4. Organic transistor for novel neuro-electronic interfaces
Tutors: Sergio Martinoia, Annalisa Bonfiglio,
Department: DIBRIS (University of Genova), DIEE (University of Cagliari),
http://www.dibris.unige.it
http://dipartimenti.unica.it/ingegneriaelettricaedelettronica
Description:
Organic Field Effect Transistors (OFETs) and Organic ElectroChemical Transistors (OECTs)
have gained in recent years a considerable interest in the scientific community because
of their potential in several fields of application related to the detection of biological
species and samples that need to be measured with high precision, fast, reliable and
possibly low-cost methods.
The proposed theme of research concerns the development of arrays of these devices
for the detection of the electrophysiological and metabolic activity in neuronal networks.
The organic transistors transduction principle is that of a charge detector sensing both
the quasi static variation induced on the surface of the sensor by the pH variations and
the rapid charge variations induced by the cell electrical activity. In this project we aim to
exploit both capabilities for developing an integrated and novel neuro-electronic
interface. We plan to optimize the design of the transducer and of the array to be
coupled to the neuronal system (i.e., neuronal cultures) and to investigate possible
further development for in-vivo applications.
Requirements: background in bioengineering, electronic engineering, physics or related
disciplines. Attitude for problem solving. Interests in experimental work in the lab.
Reference:
Spanu A., Lai S., Cosseddu P., Tedesco M., Martinoia S., Bonfiglio A., An organic
transistor-based system for reference-less electrophysiological monitoring of excitable
cells, Scientific Reports 5, 8807, doi:10.1038/srep08807, (2015).
Demelas M., Lai S., Spanu A., Martinoia S., Cosseddu P., Barbaro M., Bonfiglio A., Charge
sensing by organic charge-modulated field effect transistors: application to the detection
of bio-related effects, J. of Materials Chemistry B, 1(31), pp 3811-3819, DOI:
10.1039/c3tb20237b (2013)
Contacts: sergio.martinoia@unige.it; annalisa@diee.unica.it;
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5. Integration of health-related services into platforms for active ageing
Tutors: Danilo Pani, Luigi Raffo
Department: DIEE (University of Cagliari)
http://dipartimenti.unica.it/ingegneriaelettricaedelettronica
Description:
The conception of systems for social inclusion, active ageing and independent living is a
complex task, requiring a multidisciplinary approach aimed at the development of
acceptable solutions for the elderly. Compared to other systems, the target users
present peculiar needs, primarily due to the digital divide problem and to low computer
literacy. Furthermore, the inclusion of health services has a certain psychological impact,
because of the contrasting needs of monitoring and assistance and the desire of both
independency and self-confidence. Regulatory issues in the field of medical devices also
need to be carefully taken into account.
The research activity is part of the follow-up of the international AAL project HEREiAM An interoperable platform for self care, social networking and managing of daily
activities at home coordinated by University of Cagliari http://www.hereiamproject.org/,
where an Android-based system for the digital television is envisioned to provide
services fostering independent living of older adults. The proposed research theme
concerns the conception, development and evaluation of tele-health services, including
both software and hardware components, possibly implemented as medical devices,
embedded in the HEREiAM platform.
Requirements: background in bioengineering and/or electronic engineering. Attitude for
problem solving. Interests in experimental work.
Contacts: danilo.pani@diee.unica.it ; raffo@unica.it
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6. Functional and structural connectivity: from neurons to brain networks
Tutor: Sergio Martinoia, Gabriele Arnulfo
Department: DIBRIS (University of Genova)
http://www.dibris.unige.it
Description:
We are interested in investigating how computational properties emerge in neuronal
populations and how information processing and transmission is related to the
topological properties of neuronal networks. The nature of representation depend on
the structure of the neuronal networks in terms of connectivity, size and topology, and it
is further constrained by the dynamics of the system and on networks and microcircuits
that are activated. In this project we propose to develop a systematic experimental and
theoretical approach to focus on the interplay between structure and dynamics. For this
aim, we will make use of in-vitro models constituted by neuronal networks coupled to
innovative high-density devices and advanced analysis tools to characterize and interpret
the experimental data. This approach will be also complemented by translating this
concept into brain networks by analyzing in-vivo measurements from human patients
during neurosurgery and by investigating functional connectivity by means of noninvasive measurements (high-density EEG). These techniques will be then applied to
specific pathologies (e.g. epilepsy)
Requirements: background in bioengineering, physics, computational neuroscience,
computer science. Attitude for problem solving. Interests in understanding/learning
basic biology.
References:
Poli D., Pastore V.P., Martinoia S., and Massobrio P., From functional to structural
connectivity using partial correlation in neuronal assemblies, J. Neural Eng., 13,
doi:10.1088/1741-2560/13/2/026023, (2016).
Poli D., Pastore V.P., Massobrio P., Functional connectivity in in-vitro neuronal
assemblies, Front. In Neural Circuits, doi: 10.3389/fncir.2015.00057, (2015).
Arnulfo G. et al. Phase and amplitude correlations in resting-state activity in human
stereotactical EEG recordings. NeuroImage (2015)

Contacts: sergio.martinoia@unige.it; gabriele.arnulfo@unige.it
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7. People interactions in virtual and augmented environments
Tutors: Fabio Solari, Manuela Chessa
Department: DIBRIS
http://www.dibris.unige.it
Description:
The virtual and augmented reality techniques can be used to design environments,
where people can interact and socialize in new ways. When people interact with others,
an unintentional synchronization between participants can rise and lead to benefits such
as more efficiency, an increased speed in the motor action, better performance in
solving tasks and a reinforcement of positive social affects. The idea is to induce such
synchronization during cooperative and competitive tasks in virtual environments and to
compare the occurrence of the phenomenon in natural and virtual conditions.
Furthermore, to deeply analyze the mechanisms of the reinforcement of positive social
interactions with virtual and augmented reality techniques, a fundamental aspect to
study is how the virtual expressions of emotions are perceived, interpreted and
understood in such environments. In particular, the goal is to study how hands/body
transmit emotional information, and whether the virtual hands/body could induce pride
or satisfaction to the subject to reinforce well-being, self-esteem and motivation
towards a goal. The outcomes of the experimental sessions with healthy subjects will
guide the design of protocols for possible rehabilitation uses.
Requirements: background in bioengineering, cognitive science, and computer science.
Attitude for problem solving. Interests in understanding visual perception and in
experimental work.
References:
M. Chessa, G. Matafu’, S. Susini, F. Solari (2016) An experimental setup for natural interaction in
a collaborative virtual environment. 13th European Conference on Visual Media Production
(CVMP16), 12-13th December 2016, London.
M. Chessa, L. Caroggio, H. Huang and F. Solari (2016) Insert your own body in the Oculus Rift to
improve proprioception. International Conference on Computer Vision Theory and Applications,
VISAPP 2016, 27th-29th February2016, Rome.

Contacts: fabio.solari@unige.it, manuela.chessa@unige.it

9

8. Cancer Tissue Engineering: integration of biofabrication and scaffolding to
increase metastasis onset knowledge
Tutors: Marco Fato, Silvia Scaglione
Department: DIBRIS, University of Genoa
http://www.dibris.unige.it
Description:
Several cancer processes, such as metastasis onset, are still not completely understood.
This is partially due to the lacking of realistic models reproducing the in vivo human
environment; indeed, cancer research is still based on 2D cell cultures or animal models,
that do not completely reflect the human physiology.
This project aims at developing biomimetic, clinically-applicable technological platforms
for cancer research. A multidisciplinary approach that engages the fields of tissue
engineering, biomaterials and bioengineering with cancer biology will be essential for
generating novel experimental models that mimic cancer pathophysiology. This PHD
Program will (1) catalyze the advancement of innovative, well characterized in vitro and
ex vivo systems available for cancer research, (2) expand the use of these systems to
several cancer types (e.g breast and colon) and (3) promote the exploration of cancer
phenomena with biomimetic tissue-engineered systems.
In detail, this PHD program aims to integrate microfabrication with scaffolding
approaches to vascularize engineered tumor models, leading to a functional cancer
tissue modeling with biomimetic complexity and enhanced functionality. Cellencapsulating hydrogels will be realized as 3D tumor models and combined with
biofabricated 3D printed blood vessels for studying the tumor cells intravasation and
metastatic castade in vitro. Further benefits will be carried out through the creation of a
design that can be utilized by a bioprinter to generate vessel branching and other
complex materials in the laboratory environment.
These models could be used to develop new therapies and to test drugs, providing a
more practical mean for researchers to study cell behavior, such as cancer cell resistance
to therapy
Requirements: Background in biophysics, bioengineering, biotechnology or related
disciplines.
References:
Horch, Raymund E., et al. "Cancer research by means of tissue engineering–is there a rationale?."
Journal of cellular and molecular medicine 17.10 (2013): 1197-1206.
Bersini, Simone, et al. "A microfluidic 3D in vitro model for specificity of breast cancer metastasis
to bone." Biomaterials 35.8 (2014): 2454-2461.
Cavo, Marta, et al. "Microenvironment complexity and matrix stiffness regulate breast cancer
cell activity in a 3D in vitro model." Scientific reports 6 (2016).

Contacts: marco.fato@unige.it
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9. Advanced Spinal Cord Imaging
Tutors: Marco Fato (DIBRIS), Andrea Rossi (Gaslini)
Department: DIBRIS (University of Genova), in collaboration with Advanced
Neuroimaging Center, Neuroradiology Unit, IRCCS Istituto Giannina Gaslini, Genova
http://www.dibris.unige.it
Description:
Diffusion-weighted imaging (DWI) provides physiologic information about the imaged
tissue, is a reliable and reproducible imaging technique and is widely available and
rapidly acquired. It is the imaging method of choice to study the brain, and it is
considered to be essential in the evaluation of several pathological conditions. DWI of
the spinal cord also holds great promise for diagnosis and understanding of pathological
conditions due to injury of both grey and white matter tracts; however, there are
considerable challenges to this kind of imaging. High field inhomogeneity of the spinal
cord regions, the small nature of the structures in the area of interest, and frequent
artefacts due both to motion and to partial volume effects cause the spinal cord images
to have low signal and artefacts which could render them suboptimal for diagnostic use.
Other challenges are caused by the application of this imaging technique in pediatrical
patients, especially infants. The present project aims at studying the feasibility and
potential of this imaging technique in children and infants, in order to improve the
quality of the obtainable results and to study different pathological conditions and
malformations. The study will be conducted on a state-of-the-art 3 Tesla MRI scanner
(Philips Ingenia 3T). We also propose to study other kinds of spinal cord imaging, in order
to integrate results from different modalities and improve diagnostic possibilities.
Requirements: background in bioengineering, physics, computational neuroscience,
computer science. Attitude for problem solving. Interests in understanding/learning
basic biology.
References:
Andre JB, Bammer R. Advanced Diffusion-Weighted Magnetic Resonance Imaging Techniques of
the Human Spinal Cord. Topics in magnetic resonance imaging: TMRI. 2010;21(6):367-378.
doi:10.1097/RMR.0b013e31823e65a1.
Hansen B, Shemesh N, Jespersen SN. Fast imaging of mean, axial and radial diffusion kurtosis.
Neuroimage. 2016 Nov 15;142:381-393.
Cohen Y, Anaby D, Morozov D. Diffusion MRI of the spinal cord: from structural studies to
pathology. NMR Biomed. 2017 Mar; 30(3).

Contacts: marco.fato@unige.it; andrearossi@gaslini.org
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10. Advanced analysis on pediatric brain tumors neuroimaging
Tutor: Andrea Chincarini (INFN), Patrizia Boccacci (UniGE)
Department: DIBRIS - Dipartimento di Informatica, Bioingegneria, Robotica e
Ingegneria dei Sistemi. (www.dibris.unige.it) INFN - Istituto Nazionale di Fisica Nucleare,
Sezione di Genova (www.ge.infn.it)
Description:
Advances in neurosurgical techniques, radiotherapy planning, and novel
chemotherapeutics for brain tumor treatment have resulted in an increasing demand for
non-invasive diagnostic techniques. In this respect, diagnostic neuroimaging plays a key
role to plan and follow the most appropriate treatment strategy. The non-invasive
diagnostic process and therapeutic path in pediatric brain tumors heavily rely on
Magnetic Resonance Imaging (MRI) techniques. Positron Emission Tomography (PET)
with aminoacid tracers is emerging as a valuable modality, not competing with but
rather complementing MRI. Recent literature (cf Refs.) suggest that quantitative
approaches and the computation of geometric features in a comprehensive multi-modal
MRI-PET analysis have a significant impact in the diagnostic process and, more
importantly, in the patient prognosis. Working on a retrospective dataset of pediatric
gliomas (ref. 3) a pilot study have developed a procedure that integrates MRI and PET
scans, delivering normalized images and a set of geometric features correlated to both
the expert assessment and the patients survival.
We propose an initial step of methodological development to integrate the largest
possible set of imaging modalities, from which key features and regression models will
be derived. This initial step will be implemented on available data from the Gaslini
Institute. A second step shall involve the application on a new dataset and on
outpatients, where the analysis outcome shall be independently and blindly validated by
expert readers. In this phase, relevant regions of interest found in the analysis can
complement the input to neuronavigation softwares for a more informed surgical
planning. Finally, a third step shall see the implementation of the validated analysis into
a standalone software, following the needs and recommendations of expert
neuroradiologists and surgeons. This final step may be outsourced. We predict that our
analysis will complement the visual assessment of brain tumors by delivering robust
markers of aggressiveness, extension and risk. As by-product, we expect to use derived
probabilistic maps to help guiding surgical procedures when needed. These results will
have a non-trivial impact on the clinical practice as well as on the therapeutic plan
(follow-up).
Requirements: Good knowledge of standard for distributing and viewing medical images
(e.g. DICOM, NIfTI); Experience in medical image processing and analysis. Knowledge of
multimodal registration techniques is highly desired; Skills in data analysis; Experience of
pipelines and parallel computing systems is a plus; Programming and debugging skills in
Matlab and C/C++, use of Unix-like operating systems. Familiarity with widely-used
software tool for brain image elaboration and suite of software for image analysis (i.e.
FSL, FreeSurfer, ITK) is a plus. Strong teamwork and able to interface in multidisciplinary
context.
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References:
Morana G. et al. J NUCL MED. 2014;55:718-23;
Morana G. et al. NEURO-ONCOLOGY. 2015;17:1637-47
MD Thesis 2016 (http://www.infn.it/thesis/thesis_dettaglio.php?tid=10798)

Contacts: andrea.chincarini@ge.infn.it; patrizia.boccacci@unige.it
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11. Development of acoustic stimulation technologies of the central nervous
system
Tutors: Roberto Raiteri, Michael Pusch
Department: DIBRIS (University of Genova) http://www.dibris.unige.it and Biophysics
Institute (CNR) (www.ibf.cnr.it)
Description:
he project aims at developing novel strategies capable to modulate remotely and noninvasively the electrical activity of nervous cells in vitro, by using acoustic waves. Two
main strategies will be explored: a) the use of piezoelectric nanoparticles as mechanoelectric transducers and b) modification of cells in order to over-express mechanically
activated ion channels named (Piezo channels). The sensitivity of cells to direct contact
stimulation and to remote acoustic stimulation shall be characterized in terms of the
electrical and mechanical response as well as intracellular Ca2+ dynamics using microand nano-electrode recordings, Ca2+ imaging and atomic force microscopy. The
necessary technology to perform direct and remote acoustic stimulation combined with
electrical/mechanical and Ca2+ dynamic readout will be developed and used to obtain a
biophysical characterization of the mechano-response at the molecular, cellular, and
network level in order to prove the concepts and find optimal stimulation parameters for
low-intensity, selective, and non-invasive stimulation. These technologies could lead, in
the long term, to the development of a novel class of neuroprosthetic stimulation
devices.
Requirements: The ideal candidate holds a Master degree in experimental
bioengineering/biophysics, has some knowledge in electrophysiology and is interested in
the development of new experimental set-ups.
Reference:
A. Marino et al. “Piezoelectric Nanoparticle-Assisted Wireless Neuronal Stimulation”, ACS Nano
2015 9 (7), 7678-7689
L. Soattin et al. “The biophysics of piezo1 and piezo2 mechanosensitive channels”, Biophysical
Chemistry 2016 doi:10.1016/j.bpc.2015.06.013

Contacts: roberto.raiteri@unige.it, pusch@ge.ibf.cnr.it
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12. Mechanobiology of arrhythmia
Tutors: Roberto Raiteri
Department: DIBRIS (University of Genova)
www.dibris.unige.it
Description:
The project aims at investigating mechanical properties of cells that are associated with
disease or dysfunction. This would allow a better understanding of the mechanisms of
pathogenesis or dysfunction progression, as well as novel disease treatment strategies.
The candidate will focus on the relation of cytoskeleton structure and function of cardiac
muscle cells with arrhythmia, a set of heart dysfunctions that can cause sudden cardiac
arrest and stroke, the two main causes of death in the world
(http://www.who.int/mediacentre/factsheets/fs310/en/). The study will be conducted
experimentally at the single cell level by integrating different techniques, including
atomic force microscopy, optical microscopy, and electrophysiology recording. The
candidate is expected to develop new in vitro methods for the electromechanical
characterization of cardiac myocites, focusing on the role of the cytoskeleton in the socalled Mechano-Electrical-Feedback (MEF).
Requirements:
The ideal candidate holds a Master degree in experimental bioengineering/biophysics,
has some experience in electrophysiology and/or scanning probe microscopy on cells,
and is interested in the development of new experimental set-ups.
Reference:

JF. Saenz Cogollo et al. “A new integrated system combining atomic force microscopy and microelectrode array for measuring the mechanical properties of living cardiac myocytes” Biomed.
Microdevices, 2011 13(4), 613-21
J.P. Kerr et al. “Detyrosinated microtubules modulate mechanotransduction in heart and skeletal
muscle” Nature Communications 2015 6: 8526 doi:10.1038/ncomms9526

Contacts: roberto.raiteri@unige.it
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13. Machine Learning methods for big data in biology and medicine
Tutor: Annalisa Barla, Alessandro Verri
Department: DIBRIS (University of Genova)
http://www.dibris.unige.it
Description:
Genomics evolved dramatically in the recent past as technology improvements allowed
for sequencing of DNA at decreasing costs. This powerful technological revolution
shifted the paradigm of biology and medicine to address questions at a genome-wide
scale.
In this context, high-dimensional data from sequencing technologies pose complex
problems from the viewpoint of understanding the real structure underlying the
biological/medical phenomenon under study (i.e. finding explanatory genes for a given
disease) and new computational methods are needed to deal with: (a) ever increasing
dimensionality, (b) discrete nature of the measures, (c) high correlation among
measured molecular variables, (d) incompleteness of measures, (e) sparseness of the
underlying model and (f) computational limits of existing methods and algorithms.
This research project aims at designing and implementing a robust, unbiased and
reproducible pipeline of statistical learning methods that “bet on sparsity” to find
interpretable models for complex and multifactorial diseases. In particular, a great
effort will be made to deal with the problem of integrating different data types and with
the available domain knowledge.
Requirements: background in bioengineering, computer science, physics or related
disciplines
References:
Hastie, Trevor, Robert Tibshirani, and Martin Wainwright. Statistical learning with
sparsity: the lasso and generalizations. CRC Press, 2015.
Contacts: annalisa.barla@unige.it, alessandro.verri@unige.it
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14. Active Rehabilitation of Somatosensory Deficits After Stroke
Tutor: Maura Casadio, PhD; Robert Scheidt, PhD
Department: DIBRIS (University of Genova) and Biomedical Engineering (Marquette
University and the Medical Colege of Wisconsin, USA
http://mcw.marquette.edu/biomedical-engineering/
Description:
Stroke is a leading cause of disability and often results in somatosensory deficits and motor

impairment. Somatosensory deficits include impaired sensations of: limb position and
movement; cutaneous and deep mechanical pressure and vibration; muscular effort.
Most current research and clinical efforts related to stroke rehabilitation focus on motor
retraining despite recent literature suggesting that somatosensory retraining is a viable
behavioral therapy for improving impaired motor function (Aman et al., 2015). It is
thought that somatosensory retraining exploits the brain's inherent plasticity to
strengthen residual sensorimotor pathways in response to repeated bouts of practice on
sensory detection and discrimination tasks. Our long-term goal is to promote functional
recovery after stroke in two ways:
(i) by developing low-cost, WEARABLE SENSORY STIMULATION TECHNOLOGIES that will
enable somatosensory retraining in home and clinical settings. Separate versions of
the technology will target specific somatosensory modalities commonly impaired
after stroke: proprioception, sensation of cutaneous and deep pressure / vibration,
and sensations of muscular effort/force;
(ii) by developing TRAINING TASKS AND SCHEDULES (c.f., Aman at al. 2014, Lee et al.,
2015) that maximize the benefit of stimulus detection and discrimination training
FOR MITIGATING SOMATOSENSORY DEFICITS after stroke. We will quantify
performance improvements on standard clinical and instrumented tests of motor
function after 3 weeks of somatosensory retraining. We will also investigate the
neural correlates of changes in motor function due to sensory loss and retraining.
If successful, this research will generate the knowledge, motivation, and low-cost
technologies needed to implement somatosensory retraining paradigms in the patient's
home and in the clinic. It will widen our knowledge of the impact of sensory deficits on
motor ability and on the possibility to recover them.
Requirements: Background in bioengineering; programming skills in Matlab; Interest in
developing microcontroller-based technology. Some basic circuit building skills; aptitude
for problem solving.
References:
Aman JE, Elangovan N, Yeh, I-L, Konczak J (2015) The effectiveness of proprioceptive training for
improving motor function: a systematic review. Frontiers in Human Neuroscience|
https://doi.org/10.3389/fnhum.2014.01075
Lee JY, Oh Y, Kim SS, Scheidt RA Schweighofer N (2016) Optimal schedules in multi-task motor
learning. Neural Computation 28: 667-685.

Contacts: maura.casadio@unige.it ; robert.scheidt@marquette.edu
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15. Integrating activities from muscles and motion sensors to recover natural
mobility while operating assistive and rehabilitative devices
Tutor: Maura Casadio, PhD; Sandro Mussa-Ivaldi, PhD
Department: DIBRIS (University of Genova)
Description:
General goal: Promoting recovery of movement following spinal cord injury, stroke or
other neurological diseases that impair motor function through the performance of
functional tasks via a human-machine interface.
Aim1: Developing the technology for a hybrid human-machine interface based on
mapping body motion sensors and EMG signals onto a variety of control tasks
Aim 2: Assessing the activation and/or deactivation of targeted muscles and muscle
synergies through a movement analysis, EMG and their neural correlates. Specifically,
TMS will be used to evaluate the impact of practice with the interface on cortico-spinal
connectivity and MRI or EEG techniques could be use to investigate the effects on brain
plasticity.
Specifically, the project will explore two approaches for the development of a human
machine interfaces based on combining residual body motions and EMG signals for
controlling assistive or rehabilitative devices and for interacting with personal
computers:
1. One approach will combine both EMG and motion signals within a single
interface mapping its inputs to the low-dimensional controlled variables (e.g. the
position of a cursor or the speed and direction of a wheelchair or the handle of a
planar robotic arm).
2. The other approach will be based on sharing the control by the soft convex
combination of two distinct interfaces based on EMG and motion signals
respectively.
The study will begin with a focus on cervical spinal cord injury, but it potential will be
tested also in stroke survivors both sub-acute and chronic and in people with Multiple
Sclerosis.
Requirements: Background in bioengineering; programming skills in Matlab/Simulink or
Phyton; aptitude for problem solving.
References:
Abdollahi F. et al. Body-Machine Interface Enables People With Cervical Spinal Cord Injury to
Control Devices With Available Body, Neurorehabilitation and Neural Repair, 2017
Pierella et al. 2015 Remapping residual coordination for controlling assistive devices and
recovering motor functions. Neuropsychologia, 2015

Contacts: maura.casadio@unige.it ; (University of Genova) ; sandro@northwestern.edu
(Rehabilitation Institute of Chicago)
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