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Bioengineering is a discipline that integrates physical, chemical, mathematical, 
computational sciences and engineering principles to study biology, medicine, 
behavior, and health.  

Bioengineering advances fundamental concepts, creates knowledge from the 
molecular to the organ systems levels, and develops innovative biologics, materials, 
processes, implants, devices, and informatics approaches for the prevention, 
diagnosis, and treatment of disease, for patient rehabilitation, and for improving 
health and well-being (NIH Working Definition of Bioengineering—July 24, 1997). 

The PhD curriculum in Bioengineering implements the evolution of a long-standing 
tradition of the Bioengineering School of the University of Genova, characterized by 
a marked experimental and technological vocation, providing advanced training and 
research experience for graduate students interested in: in vitro electrophysiology, 
cellular mechanobiology, microscopy, tissue engineering, neural control of the 
movements, motor learning and neuromotor recovery, as well as neuroengineering, 
micro- and nano-technologies, assistive and rehabilitation technologies, integrated 
perceptual systems. 

The research activities, mainly conducted at the Department of Informatics, 
Bioengineering, Robotics and System Engineering (DIBRIS), cover a variety of areas 
and offers potential collaborations with other departments at the University of 
Genova, as well as with leading national and international research institutions. This 
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: 

▪ Neuroengineering 
▪ Molecular and cellular engineering 
▪ Interaction and rehabilitation engineering 
▪ Health informatics 

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 where the research 
activity will be developed. 

 
International applicants are encouraged and will receive logistic support with visa 
issues, relocation, etc. 
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Sleep maturation in preterm infants 
Tutor: Gabriele Arnulfo, Lino Nobili   
Department: DIBRIS, University of Genova  www.dibris.unige.it  
DINOGMI, University of Genova 
Description: Background: Sleep could be defined as a complex neuroendocrine 
function in common with many living beings. Among the mysterious functions that 
sleep absolve, there is its involvement in processes of neuronal plasticity both for 
nREM (non-Rapid Eye Movement) and REM sleep; in particular, REM stages allow 
acquisition of adaptive behavioural skills. Sleep is also involved in the reciprocal 
regulation with both innate immunity and the whole immune response; sleep loss 
has been related to a systemic proinflammatory state and to brain microglial 
activation in absence of other neuroinflammatory process. Moreover, sleep 
regulates many subcortical signals, including communication between the central 
(CNS) and autonomic (ANS) nervous systems; a dysregulation of such a coupling has 
been recognized as marker of negative outcome in different diseases. Sleep 
undergoes changes from foetal to adult life, with specific pattern of sleep states 
typical for age, which are associated with the development, maturation, and 
connectivity within neural networks. In particular, newborns and infants spend most 
of their time sleeping an immature REM sleep, conventionally named Active Sleep 
(AS). Preterm birth is associated to alterations in sleep patterns and abnormal brain 
development through a poorly understood mechanism involving neuroinflammation. 
Future neurodevelopmental problems, including psychiatric illness and sleep 
alteration itself have to be considered as an outcome of prematurity. 
Many questions still remain unanswered about sleep and prematurity, first of all 
about which impact can have prematurity itself on sleep (and so on brain) 
architecture in early life, which kind of outcome its alteration can lead and which 
kind of interventions could be done to prevent unfavourable outcome. 
Objective: To relate in Very Low Birth Weight (VLBW) preterm infants ultradian sleep 
architecture (studied with Polysomnography (PSG) with a particular focus on CNS-
ANS coupling) to brain microstructure at term of equivalent age (TEA) and to 
emotional, executive functional and temperamental outcome at 2 years of age.  
Requirements: The successful candidate should have a Master’s degree in 
biomedical science, neuroscience, computer science, mathematics, physics or a 
related field.  
References: 

• Frank MG, Heller HC. The Function(s) of Sleep. Handb Exp Pharmacol. 2019 Apr 20 

• de Vivo L, Bellesi M, Marshall W, Bushong EA, Ellisman MH, Tononi G, Cirelli C. Ultrastructural evidence 
for synaptic scaling across the wake/sleep cycle. Science. 2017 Feb 3;355(6324):507-510 

• Barbeau DY, Weiss MD. Sleep Disturbances in Newborns. Children (Basel). 2017 Oct 20;4(10) 

Contacts: 
Email: gabriele.arnulfo@unige.it, lino.nobili@unige.it  

  

http://www.dibris.unige.it/
mailto:gabriele.arnulfo@unige.it
mailto:lino.nobili@unige.it
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Translational neurosensory engineering 
 
Tutor: Andrea Canessa 
Department: 
DIBRIS, University of Genova, www.dibris.unige.it 
Description: 
Vision, audition, and touch all code the space around us, or rather the things that are 
located in the space around us, in a different way. Yet together our senses form a 
coherent spatial representation of our environment. Information from the different 
senses is then to be integrated in the central nervous system to build a unified 
perceptual representation of the world. This process of multisensory integration 
(MSI) has been shown to result in a panoply of behavioral benefits, such as faster 
and more sensitive perceptual discrimination, as well as more accurate and precise 
localization of stimuli in space. 
Multisensory function is likely to play a key role in circumstances of sensory loss, in 
which large-scale brain reorganization typically takes place. In such circumstances, 
the nonimpaired senses provide redundant information that can supplement the 
absent or weak cues from the impaired sense. Such benefits provide an important 
foundation from which to explore the possibility of neurosensory rehabilitation 
based in multisensory training. 
Possible research questions are: 

• how we create a full perception of space (at 360° and in depth) thanks of a space 
variant (3D) multisensory integration; 

• how our senses differently interact one each other; 

• how multisensory interactions between vision, audition, and touch are affected 
by the region of space in which information happens to be presented.  

• how the current technologies and the knowledge about the sensory mechanisms 
could educate the correct development of sensory faculties, rehabilitate sensory 
deficits, and assist the diagnosis  of sensory disfunctions; 

• how to understand the neural mechanisms of multisensory perception based on 
a combination of computational models of multisensory interactions with high-
density neuroimaging and perceptual tasks. 

Requirements: 
The successful candidate should have a Master’s degree in biomedical science, 
neuroscience, computer science, mathematics, physics or a related field. In 
particular, the applicant should demonstrate the ability to acquire relevant skills 
reasonably fast. They should be willing to perform experiments with human 
participants. Desirable qualities in candidates include intellectual curiosity, a strong 
background in maths, skills in programming (e.g., C#, C/C++, Python, Matlab) and 
signal processing and analysis. Further assets are a creative mind, good problem-
solving skills and a collaborative and collegial attitude. 
Contacts: 
Email: andrea.canessa@unige.it 
  

http://www.dibris.unige.it/
mailto:andrea.canessa@unige.it
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Bi-directional body machine interface for assistance and rehabilitation 
Tutors: Maura Casadio, Camilla Pierella 
 

Department: 
DIBRIS, University of Genova, www.dibris.unige.it 
Description: 
People with a neurological diseases or amputation must learn to operate assistive or 
rehabilitative devices - such as a computer, a prosthesis or a robotic system by 
mapping the available body abilities, as residual movements or muscle activations, 
onto device control signals. The neuromotor system offers different signals and 
degrees of freedom to attain specific motor goals in a variety of different ways. This 
is a resource, providing for a high level of dexterity. But at the same time, it is also a 
computational challenge to overcome for achieving efficient control of devices or 
prostheses. 
In addition to motor dysfunction, absence or alteration of somatosensory feedback 
induce specific and identifiable motor and neural alterations, influencing the ability 
to perform daily living activities by controlling assistive technologies. 
This research project aims at generating the knowledge necessary for developing a 
new class of customized body machine interfaces (BMIs) based on the users 
sensorimotor abilities. 
The work will pursue three general objectives:  

(i) To develop new technology and algorithms to record and translate body-
derived signals into BMI commands, based on the individual 
characteristic of each subject. 

(ii) To design and implement adaptive BMI algorithms, accounting for the 
evolving abilities of the user and the actual assistive/rehabilitative goals 
to attain or tasks to perform. 

(iii) To develop and test new sensory stimulation technologies and 
techniques to encode feedback information on the subject’s state of 
motion and on the interactions with the environment, enabling also 
training or enhancement  (i.e. 'sensory enhancement or substitution') of 
somatosensory abilities. 

Based their background and preference candidates can focus on any combination of 
these specific objectives. 

Contacts: 
Email: maura.casadio@unige.it, camilla.pierella@unige.it 
 
  

http://www.dibris.unige.it/
mailto:maura.casadio@unige.it
mailto:camilla.pierella@unige.it
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Machine Learning-based electrophysiological biomarkers for 
neuroengineering applications 

Tutors: Michela Chiappalone, Vito Paolo Pastore, Sergio Martinoia 
Department: 
DIBRIS, University of Genova, Genova, www.dibris.unige.it 
Description: 
The human brain remains the ultimate frontier of science. Understanding its function 
and overcoming its disorders are still challenges of enormous complexity. Within this 
project we aim at identifying potential electrophysiological-based ‘biomarkers’ of 
the healthy vs ‘pathological’ neural and brain networks, to drive the further design of 
neuroengineering-based therapies (e.g. bioelectronic medicine). The computational 
approach will capitalize on Machine Learning algorithms for both analyzing 
pathological vs physiological patterns and to implement novel connectivity-based 
tools. Neural data will be acquired from both in vitro and in vivo networks, both in 
physiological and pathological conditions. Specifically, for the in vivo networks, we 
will focus on model of ischemic injury: the PhD student will be required to design 
and implement algorithms aimed at evaluating the impact of the lesion and of the 
potential bioelectronic therapy. To this end, pattern analysis and functional 
connectivity of the involved in vivo brain networks will be computed and novel 
(multi-modal) biomarkers will be extracted, on the basis of their descriptive and 
prognostic value. In terms of functional connectivity, the PhD student will be asked 
to focus on data-driven approaches based on machine learning, exploiting synthetic 
and real data to train a model able to identify with high accuracy both excitatory and 
inhibitory functional connections. State-of-the-art as well as customized algorithms 
will be implemented to provide an effective thresholding of the obtained 
connectivity matrix to obtain a complete topological characterization, aiming to find 
specific differences between physiological and pathological conditions.  
Requirements: 
Applicants are expected to have a background in (bio)engineering or mathematics or 
computer science; proficient programming skills: experience with Matlab/Simulink, C 
and/or Python for data analysis. Experience on data analysis of neural signals (MUA 
or LFP recordings) is recommended. 
References:  

• Pastore VP, Massobrio P, Godjoski A, Martinoia S (2018) Identification of 
excitatory-inhibitory links and network topology in large-scale neuronal 
assemblies from multi-electrode recordings. PLOS Comp. Biol. 14(8): e1006381 

• Averna A et al. (2020). Differential effects of open-and closed-loop intracortical 
microstimulation on firing patterns of neurons in distant cortical areas. Cerebral 
Cortex, 30(5), 2879-2896. 

• Mahmood, U., Fu, Z., Calhoun, V. D., & Plis, S. (2021). A deep learning model for 
data-driven discovery of functional connectivity. Algorithms, 14(3), 75. 

Contacts: 
Email: michela.chiappalone@unige.it; vito.paolo.pastore@unige.it; 
sergio.martinoia@unige.it  
  

http://www.dibris.unige.it/
mailto:michela.chiappalone@unige.it
mailto:vito.paolo.pastore@unige.it
mailto:sergio.martinoia@unige.it
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In vitro 3D brain tissue model under microgravity 

Tutor: Donatella Di Lisa 
Department: 
DIBRIS, University of Genova  
www.dibris.unige.it  
Description: 
Several studies have reported the detrimental impact of microgravity (μg) on 
astronauts health. The bone and muscle mass decrease, the weakening of the 
immune system and of the cardiovascular one are well known examples of this 
impact. Moreover, μg has been shown to affect the central nervous system (CNS) by 
altering brain structure and functions. These studies have been mainly carried out 
onto post-flight astronauts and rodents by magnetic resonance imaging and 
electroencephalography. However, the molecular and cellular level mechanisms, by 
which the brain is affected by μg remain largely unknown. The proposed theme of 
research concerns the setting up of a 3D in vitro model of the human brain cortex 
cultured under simulated μg using a clinostat. The impact of μg on the 3D model will 
be evaluated in terms of morphology, spontaneous electrophysiological activity and 
by omics approaches. 

Requirements: 
background in bioengineering, materials science, chemistry, physics or related 
disciplines. Attitude for problem solving. Interests in experimental work in the lab. 
References:  

• Tedesco, Maria Teresa, et al. "Soft chitosan microbeads scaffold for 3D 
functional neuronal networks." Biomaterials 156 (2018): 159-171. 

• Roy-O’Reilly, Meaghan, Ajitkumar Mulavara, and Thomas Williams. "A review 
of alterations to the brain during spaceflight and the potential relevance to 
crew in long-duration space exploration." Nature Microgravity 7.1 (2021): 1-
9. 

Contacts: 
Email: Donatella.dilsa@edu.unige.it 
 
  

http://www.dibris.unige.it/
mailto:Donatella.dilsa@edu.unige.it
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Correlation of multimodal 18F-DOPA PET and conventional MRI with 
treatment response and survival in children with diffuse intrinsic pontine 
gliomas (DIPG) 
Tutors: Marco Fato, Giovanni Morana, Arnaldo Piccardo 
Department: DIBRIS (University of Genova), in collaboration with Galliera Hospital, 
Genova 
http://www.dibris.unige.it 

Description 
Despite recent remarkable genomic discoveries, radiotherapy (RT) remains the 
current standard of care, providing transient clinical improvement and a limited 
survival benefit. 
Positron Emission Tomography (PET) imaging with amino-acid tracers, such as 18F-
dihydroxyphenylalanine (DOPA), is a promising diagnostic tool able to provide non-
invasive information of brain tumors, including prediction of disease evolution.  
A pioneering study conducted in collaboration between Giannina Gaslini Children’s 
Institute and Ospedale Galliera has evaluated diagnostic and prognostic information 
obtained by 18F-DOPA PET in a group of children with newly diagnosed DIPGs, 
revealing the potential of this imaging modality in providing crucial information for 
evaluating the metabolism of DIPGs. 
Aforementioned work showed good correlation with 18F-DOPA PET uptake intensity 
and extent (PET tumor volume and uniformity) with clinical scores for treatment 
response and survival of pediatric patients with DIPGs.   
However, in the present study and, more generally, in clinical routine, quantitative 
markers extracted from PET scans are measured manually by clinicians with limited 
computer support. This process is time consuming and potentially subjected to 
inaccuracy and individual variability in measurements. 
The proposed work aims to apply the principles of radiomics to provide radiologists 
with a user-friendly computer-aid tool specifically conceived for pediatric PET 
images. 
Radiomics refers to the extraction of mineable data from medical imaging and has 
been applied within oncology to improve diagnosis, prognostication, and clinical 
decision support, with the goal of delivering precision medicine. 
Long-term relapses of this work may contribute to the establishment of well-timed, 
personalized and more effective therapies, aiming to improve overall survival and 
quality of life of DIPG patients. 
Requirements: background in bioengineering, physics, computational neuroscience, 
computer science. Attitude for problem solving. Interests in understanding/learning 
basic biology. 

Contacts: marco.fato@unige.it 
References:  

• Giovanni Morana at all “Correlation of multimodal 18F-DOPA PET and conventional MRI with 
treatment response and survival in children with diffuse intrinsic pontine gliomas”, 
Theranostics 2020; 10(26): 11881-11891. doi: 10.7150/thno.50598 

mailto:marco.fato@unige.it
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Assembling building blocks of the brain: use of neurospheroids to realize 
complex in vitro structures coupled to Multi-Electrode Arrays 
 
Tutors: Paolo Massobrio, Andrea Spanu 
 
Department: DIBRIS (University of Genova)  
www.dibris.unige.it 
Description: The brain is a complex system characterized by the presence of 
different neuronal populations (e.g., cortical, hippocampal, thalamic neurons) which 
interact following well-defined principles of connectivity [1, 2]. Nonetheless, brain is 
truly three-dimensional (3D), and such a spatial organization deeply influences the 
emergent electrophysiological activity [3]. This PhD project will combine Multi-
Electrode Array (MEA) technology with ad hoc techniques (patterning, microfluidics) 
to engineer neuronal networks for coupling different neuronal populations 
organized in neurospheroids that can be considered the building blocks of more 
complex structures (neuroassembloids). Since the complexity of the brain, the use of 
simplified in vitro experimental models is a strategic choice to understand more in 
details the relationships between connectivity and dynamics, as well as to provide 
insights to understand pathologies which damage the interactions among neuronal 
populations (e.g., Parkinson disease which involves the cortical-thalamic circuit). 
During this 3-years project, the PhD student will be involved both in experimental 
(choice of the strategy to interconnect different neurospheroids, imaging 
characterization, experimental recordings) and computational (development of 
algorithms to explore the emergent dynamics and the functional topological 
properties) aspects. During the last year of the project, the candidate will 
characterize such structures by means of integrated multisensing system 
characterized by a set of features, ranging from both planar and 3D microelectrodes 
to ultrasensitive sensors (based on organic transistors) for the detection of cell-
related parameters  (as pH and O2), with the aim to provide a comprehensive picture 
of the state of the culture.  
Requirements: background in bioengineering, computational neuroscience, and 
electronics. 
References:  
[1] M. Brofiga, M. Pisano, F. Callegari, and P. Massobrio, "Exploring the 

contribution of thalamic and hippocampal input on cortical dynamics in a 
brain-on-a-chip model," IEEE Trans. Med. Rob. Bion., vol. 3, no. 3, 2021. 

[2] T. T. Kanagasabapathi et al., "Functional connectivity and dynamics of 
cortical-thalamic networks co-cultured in a dual compartment device," 
Journal of Neural Engineering, vol. 9, no. 3, 2012. 

[3] M. Brofiga, M. Pisano, M. Tedesco, R. Raiteri, and P. Massobrio, "Three-
dimensionality shapes the dynamics of cortical interconnected to 
hippocampal networks," Journal of Neural Engineering, vol. 17, no. 5, 2020. 

[4] A. Spanu, S. Lai, P. Cosseddu, M. Tedesco, S. Martinoia, A. Bonfiglio, "An 
organic transistor-based system for reference-less electrophysiological 
monitoring of excitable cells", Sci. Rep., 2015 

Contacts: paolo.massobrio@unige.it, andrea.spanu@unica.it  
  

mailto:paolo.massobrio@unige.it
mailto:andrea.spanu@unica.it
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New tools to decode the mechanisms underlying corticomuscular coherence 
Tutor: Luca Mesin 
Department: Electronics and Telecommunications, Politecnico di Torino, Turin, 
Italy 

http://www.det.polito.it/research/research_areas/electronic_bioengineering/m
athematical_biology_and_physiology 

Description: 
The interaction between central nervous system and muscles may be studied by a 
joint acquisition of electroencephalogram (EEG) and surface electromyogram (EMG). 
In fact, by means of finding similarity patterns between EEG and EMG signals 
(corticomuscular coherence), pathways of functional connections can be 
investigated under physiological conditions (e.g., neural synchrony has been 
suggested as mechanism for integrating distributed sensorimotor systems involved 
in coordinated movements and muscle synergies [1]) and when they result 
compromised by a pathology (e.g., after a stroke [2]). 
Preliminary simulation and processing tools are available and will be improved 
during the proposed doctoral study. Specifically, the PhD student will be involved in 
the following activities. 
1. Simulation of motor neurons pools and EMG response of the innervated motor 
units (MU). 
2. Implementation of experimental protocols (using commercial EEG systems and 
advanced high-density surface EMG amplifiers). 
3. Development, implementation and test of methods to estimate corticomuscular 
coherence/synchronization. 
An example of application concerns the control of human standing posture. In this 
case, the coherence between EEG and MUs rate coding (extracted by decomposition 
algorithm and reflecting the synaptic drive to motor neurons) will be investigated to 
address the question of whether the corrections to postural sways are triggered 
internally or externally [3]. 
Requirements:  
The research context is a branching field of Neuroscience and it spreads its 
foundations throughout a disciplines, e.g., mathematics, computer science, 
physiology, physics and psychology.The main skills required by the candidate 
concern modelling, signal processing and implementation in Matlab of new 
algorithms. 
References:  
[1] de Vries IE, Daffertshofer A, Stegeman DF, Boonstra TW. Functional connectivity 
in the neuromuscular system underlying bimanual coordination. J Neurophysiol. 
2016;116(6):2576-85. 

[2] Mima T, Toma K, Koshy B, Hallett M. Coherence between cortical and muscular 
activities after subcortical stroke. Stroke. 2001;32(11):2597-601. 

[3] Bottaro A, Yasutake Y, Nomura T, Casadio M, Morasso P. Bounded stability of the 
quiet standing posture: An intermittent control model, Hum. Mov. Sci. 2008;27:473–
495. 

Contacts: luca.mesin@polito.it  

mailto:luca.mesin@polito.it


11 
 

Advanced signal analysis, processing, and machine learning tools for 
computer-aided cardiac electrophysiology 

Tutor: Danilo Pani 
Department: 
DIEE, University of Cagliari 
Description: 
Intracardiac electrophysiology is a branch of interventional cardiology aimed at the 
diagnosis and treatment of arrhythmias. During these invasive diagnostic 
examinations, the cardiac electrical activity is examined locally, in order to reach a 
deeper understanding of the nature and source of the involved arrhythmia, but also 
to identify the best-suited intervention strategy for its treatment. The 
electrophysiological study is performed by inserting a variable number of thin 
multielectrode catheters percutaneously up to the cardiac chambers. The 
intracardiac recordings, called electrograms (EGMs), allow deducing important 
information from the EGM amplitude, morphology, duration and its relationship 
with other recorded electrical features, as the local activation time, the direction of 
wavefront propagation and the activation complexity of the myocardial tissue 
surrounding the recording electrode.  
This research project is aimed at the advanced study of these signals, with a 
particular emphasis on post-ischemic ventricular tachycardia, a life-threatening 
arrhythmia. By deploying advanced signal analysis, processing, and machine learning 
tools, the candidate will contribute to the identification of the underpinnings behind 
the arrhythmogenic mechanisms and the development of innovative strategies to 
support the cardiologists in the electrophysiological studies and ablations. In fact, 
the goal of this research is twofold: to help supporting the clinicians in the ablation 
procedures, by enhancing the information provided and automatizing some analyses 
on multichannel recordings, and to provide novel approaches for the identification 
of the ablation targets. 
Requirements: 
Applicants are expected to own a strong biomedical engineering background, 
advanced machine-learning skills, and proficiency in the use of Matlab. Previous 
experience on cardiac electrophysiology is also preferable, along with a good 
attitude at team working. The activity will be carried out at the Medical Devices and 
Signal Processing Lab (medsp.it) of the University of Cagliari, in collaboration with 
our clinical partners. 
References:  

• Baldazzi, G., Orrù, M., Solinas, G. et al. Spectral characterisation of ventricular 
intracardiac potentials in human post-ischaemic bipolar electrograms. Sci Rep 
12, 4782 (2022). https://doi.org/10.1038/s41598-022-08743-7. 

• Baldazzi, G., Orrù, M., Matraxia, M., Viola, G. & Pani, D. Supervised 
classification of ventricular abnormal potentials in intracardiac electrograms. 
In 2020 Computing in Cardiology 1–4 (2020). 
https://doi.org/10.22489/CinC.2020.397. 

Contacts: 
Email: danilo.pani@unica.it  

mailto:danilo.pani@unica.it
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Exploring visual feedback perturbations for innovative neurorehabilitation 
based on virtual reality 

Tutors: Danilo Pani, Maura Casadio 
Department: 
DIEE, University of Cagliari and DIBRIS, University of Genova  
https://unica.it/unica/it/dip_ingelettrica.page, www.dibris.unige.it  
Description: 
Neurorehabilitation aims at motor recovery after a nervous system injury. Compared 
to other types of rehabilitation, the mechanisms underlying the recovery and the 
effectiveness of treatments are often not completely unraveled. Although robotics-
based interventions have shown great potential, these solutions are still complex 
and expensive, which limits their widespread adoption. At the same time, low-cost 
systems exploiting simple bodyweight exercises, albeit adopting virtual reality (VR) 
and motion tracking tools, do not usually go beyond the conventional 
movement/task-oriented exercises.  
This research aims at studying the impact of advanced visual feedback in exercises 
featuring VR, for the improvement of the neural control of upper-limb movements. 
The approach that will be studied is based on the possibility of projecting the 
participant in a virtual scenario characterized by physical laws, unknown to him/her, 
and resulting in visual perturbation or distortion of the mapping between the real 
and the virtual space. The candidate should conceive, implement in Unity, and test, 
on people affected neurological diseases (e.g., multiple sclerosis) or injury (stroke or 
spinal cord injury) and unimpaired people, such visual feedback perturbations in 
Unity, integrating multimodal sensing features and exploiting different motion-
tracking technologies. Both immersive and non-immersive VR approaches will be 
studied. Adaptation and retention will be assessed to understand the effect of the 
proposed approach. The creation of models able to explain the observed effect will 
be also pursued. 
Requirements: 
Applicants are expected to own a strong biomedical engineering background and 
proficiency in high-level programming. Previous experience on Matlab and Unity is 
valuable. Attitude to the conduction of acquisition campaigns with both impaired 
and unaffected people is requested, along with a good attitude at team working. The 
activity will be carried out in the two partnering labs: MeDSP (medsp.it) and 
Neurolab (www.neurolab.dibris.unige.it). 
References:  

• E. Hajissa, C. Celian, K. O. Thielbar, F. Kade, Y. A. Majeed, and J. L. Patton, 
“Stroke Rehabilitation with Distorted Vision Perceived as Forces,” in 2019 
IEEE 16th International Conference on Rehabilitation Robotics (ICORR), 2019, 
pp. 644–647, doi: 10.1109/ICORR.2019.8779410. 

• E. Hajissa, A. Shah and J. L. Patton, "Visual Limit-Push Training Alters 
Movement Variability," in IEEE Transactions on Biomedical Engineering, vol. 
65, no. 10, pp. 2162-2167, Oct. 2018, doi: 10.1109/TBME.2017.2786142. 

Contacts: 
Email: danilo.pani@unica.it; maura.casadio@unige.it  
  

https://unica.it/unica/it/dip_ingelettrica.page
http://www.dibris.unige.it/
mailto:danilo.pani@unica.it
mailto:maura.casadio@unige.it
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Novel tools for cognitive and motor rehabilitation for girls affected by Rett 
syndrome  
Tutors: Danilo Pani, Manuela Chessa 
Department: 
DIEE, University of Cagliari and DIBRIS, University of Genova  
https://unica.it/unica/it/dip_ingelettrica.page, www.dibris.unige.it  
Description: 
Rett syndrome is a rare genetic neurological and developmental disorder, which 
primarily affects girls and causes a progressive loss of motor and cognitive skills. Girls 
with Rett syndrome require a cognitive and motor rehabilitation to improve their 
competence, and a constant training to retain the acquired skills. For these girls, the 
interventions with virtual reality (VR) approaches could be beneficial, as their 
attention can be more easily captured, and a richer set of visual cues can be 
provided. However, according to the peculiarities of the disease and the degree of 
disability, conventional approaches cannot be easily adopted, requiring the 
development of non-immersive VR scenarios, unobtrusive sensing, gaze tracking, 
etc. 
This research aims at studying novel tools for cognitive and motor 
neurorehabilitation of girls affected by the Rett syndrome. In particular, visually 
explorable static/dynamic non-immersive VR system will be developed, focused at 
studying and improving space exploration, objects tracking, fixation, and visual 
discrimination. The technological development will be paired to a study of the 
effectiveness of different (bio)feedbacks. Then, the interaction with virtual elements 
by motor tasks (reaching and other movement-oriented tasks) will be pursued, in 
order to counterbalance the decrease in the number of synapses in the brain, typical 
of these girls. The approach will be conceived in order to be easily exploited in home 
settings for prospective telerehabilitation applications. 
Requirements: 
Applicants are expected to own a strong biomedical engineering background and 
proficiency in high-level programming. Previous experience on Unity and eye-
tracking devices is valuable. Attitude at multidisciplinary team working is strongly 
required. The activity will be carried out in the two partnering labs: MeDSP 
(medsp.it) and PILab (https://pilab.dibris.unige.it/). 
References:  

• G. Sedda et al., "Computational rehabilitation of neglect: Using state-space 
models to understand the recovery mechanisms," 2017 International 
Conference on Rehabilitation Robotics (ICORR), 2017, pp. 187-192, doi: 
10.1109/ICORR.2017.8009244. 

• M. Chessa et al., Human-computer interaction approaches for the 
assessment and the practice of the cognitive capabilities of elderly people. In 
Proceedings of the European Conference on Computer Vision (ECCV), 2018 

• F. Solari et al., Natural perception in dynamic stereoscopic augmented reality 
environments, 2013, Displays, 34(2), 142-152. 

Contacts: 
Email: danilo.pani@unica.it;  manuela.chessa@unige.it  
  

https://unica.it/unica/it/dip_ingelettrica.page
http://www.dibris.unige.it/
mailto:danilo.pani@unica.it
mailto:manuela.chessa@unige.it
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Symbiotic 3D brain tissue model with photosynthetic oxygenation 
Tutor: Laura Pastorino 
Department: 
DIBRIS, University of Genova  
www.dibris.unige.it  
Description: 
It is well known that one of the main limits of 3D in vitro models is the hypoxic 
condition occurring in their central regions. This is due to the lack of vascularization, 
resulting in limited diffusion of O2 and nutrients. The present project aims at 
establishing a 3D in vitro model of a vascularized brain tissue, where cell oxygenation 
is guaranteed by embedded photosynthetic cells. To this aim a patterned symbiotic 
3D cell culture will be bioprinted, in which photosynthetic cells are cultivated in close 
vicinity to neurons differentiated from human induced pluripotent stem cells 
(iPSCs).The photosynthetic cells will homogenously supply O2 and nutrients to the 
human ones. To this aim, two bioink formulations will be developed each of them 
specifically tailored for the bioprinting of the two cell populations. The 3D bioprinted 
symbiotic culture will be fully characterized in terms of cells viability, morphology 
and activity. 
 
Requirements: 
background in bioengineering, materials science, chemistry, physics or related 
disciplines. Attitude for problem solving. Interests in experimental work in the lab. 
 
References:  

• Tedesco, Maria Teresa, et al. "Soft chitosan microbeads scaffold for 3D 
functional neuronal networks." Biomaterials 156 (2018): 159-171. 

• Hopfner, Ursula, et al. "Development of photosynthetic biomaterials for in 
vitro tissue engineering." Acta biomaterialia 10.6 (2014): 2712-2717. 
 

Contacts: 
Email: laura.pastorino@unige.it 
 
  

http://www.dibris.unige.it/
mailto:laura.pastorino@unige.it
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Mechanobiology of cardiac muscle cells 
 
Tutors: Roberto Raiteri 

Department: DIBRIS (University of Genova) 
www.dibris.unige.it 
Description:  
The project aims at investigating electoral and mechanical properties of cells in vitro, 
how such properties influence each other and how they 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 between cytoskeleton structure/function of 
cardiac muscle cells and arrhythmia, a set of heart dysfunctions that can cause 
sudden cardiac arrest and stroke. The study will be conducted experimentally at the 
single cell level by integrating different experimental techniques, including atomic 
force microscopy, optical microscopy, and electrophysiology recording. The 
candidate is expected to develop new in vitro experimental methods and data 
analysis techniques for the electromechanical characterization of cardiac myocites. 

Requirements:  
The ideal candidate holds a Master degree in electronic engineering, bioengineering 
or biophysics and has some practical experience in one or more of the following 
areas: design of analog electronic circuits, electrophysiology, soft matter mechanical 
testing. She/he should also be interested in the development of new experimental 
set-ups. 
 
References:   
JF. Saenz Cogollo et al. “A new integrated system combining atomic force 
microscopy and micro-electrode 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 

G. Caluori et al. “Non-invasive electromechanical cell-based biosensors for improved 
investigation of 3D cardiac models Biosensors and Bioelectronics”, Biosensors and 
Bioelectronics 2019 124, 129-135 

Contacts: roberto.raiteri@unige.it 

  

mailto:roberto.raiteri@unige.it
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Design, development, and validation of simulators for medical and surgical 
training 
Tutor: Serena Ricci 
Department: DIBRIS, University of Genova www.dibris.unige,it;  
Description: Simulation in medicine is a field evolving over time. This is mainly due 
to the technological innovation affecting medicine. Furthermore, medical 
procedures update frequently, and professionals need to follow such renovation. 
Also, the application of disruptive technologies as 3D printing, Artificial Intelligence, 
Internet of Things, Augmented and Virtual Reality (AR, VR) are changing medical 
training and practice, and require new technical figures in simulation. 
The project can be divided into three specific objectives (SO): 
SO1: Select the best technology to solve simulation-related problems. Starting from 
educational needs of medical students, residents, instructors and healthcare 
providers, it will be required to build new physical prototypes of medical simulators. 
This includes to analyze the problem from an engineering perspective, and to 
identify the best technologies for achieving the goal. Within this framework, it will 
be required to determine whether (i) the prototype has to be built entirely, or if a 
modification of an existing tool can achieve the goal; (ii) a low-cost solution would be 
sufficient; (iii) an immersive technology (i.e. AR, VR) can improve the learning with 
respect to non-immersive systems 
SO2: Build new medical simulators. After selecting the best technology to be used 
for the simulator, it is required to build the prototype both from a hardware and a 
software perspective. This may include modelling; 3D printing; electronic 
components placement; software implementation (spanning from code to collect 
data from sensors, up to graphic user interfaces and VR); synchronization of 
hardware and software. 
SO3 Definition of metrics and experimental protocols to assess the usability and 
efficacy of different prototypes. Specifically, subjective feedback on the user 
experience will be evaluated and combined with behavioral (e.g., performance 
scores, movements) and biological (e.g., electromyography) data to: (i) validate the 
new systems; (ii) compare new prototypes with existing tools; (iii) investigate the 
learning processes underlying medical learning. 
Requirements: 
Applicants are expected to have programming skills and to be interested in hardware 
and software development. Good attitude for experimental work, problem solving 
and teamworking is mandatory. Furthermore, interest in working in a 
multidisciplinary team (i.e., engineers, clinicians, medical education instructors) is 
also required.  
References:  

• Girau E., et al., “A Mixed Reality System for the Simulation of Emergency and 
First-Aid Scenarios.” 41st Ann. Int. Conf. IEEE Eng. Med. Biol., 2019  

• Ricci S., et al., “RiNeo MR: A Mixed-Reality Tool for Newborn Life Support 
Training.” Proc. Ann. Int. Conf. IEEE Eng. Med. Biol, 2021 

• Viola L., et al., 2021. “Design of a System to Detect the Force Applied by 
Tourniquets in a Manikin’s Limb.” IEEE Eng. Med. Biol, 2021. 

Contacts: Email: serena.ricci@edu.unige.it   

http://www.dibris.unige,it/
mailto:serena.ricci@edu.unige.it
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Neuromorphic circuits and systems for interaction intelligence 

Tutor: 
Silvio P. Sabatini 
Department: 
DIBRIS, University of Genova www.dibris.unige.it 
Description: 
Interaction is an essential paradigm, not only to understand the purpose of an 
intelligent system, but also to computationally formalize and solve the problem of 
collection and organization of sensory data, according to efficiency and efficacy 
criteria. Human perception indeed intrinsically originates from physical interaction 
processes between a neurosensory system and external environment. Such an 
interaction allows us to gain sensations about the world’s properties and allows a 
flexible development of the brain’s specific functionalities. 
Neuromorphic engineering, taking inspiration from the brain, provides physical 
models of neural and sensory systems in order to build disruptive hardware for real-
time and ultra-low power applications. Such a technology however typically relies on 
non-conventional computational paradigms (spiking modes, asynchronous/event-
based computing, frame-less image processing, encoding techniques, …), which 
require a complete redesign of existing algorithms. 
The goal is to demonstrate that systems for interaction intelligence could benefit of 
the adoption of edge computing and smart sensing elements capable of fast and pre-
interpretative perception to direct motor plans for interacting with external 
environments and adapt to unexpected situations. Moreover, considering that the 
developed neuromorphic systems would intrinsically share computational paradigms 
and physical design constraints with their real neural counterparts, it makes these 
systems ideal computational substrate for testing and validating hypotheses about 
models of human sensory processing for a wide range of translational application 
domains. As an example, neuromorphic systems can be employed to investigate (1) 
how interaction with an external environment determine the sensory flows from 
different modalities and mediate their combination, and (2) how the resulting 
sensory flows inform anticipatory predictions that determine which actions are likely 
to lead to most informative content at minimal energy and, ultimately, fulfil user’s 
goal/expectations. 
Requirements: 
Applicants are expected to have a background in bioengineering, electrical 
engineering, computer science, physics or related disciplines. Attitude for problem 
solving. Interest in experimental work. 
References:  

• K. Friston, "The free-energy principle: a unified brain theory?" Nat Rev 
Neurosci, vol. 11, pp. 127-38, 2010. 

• F. Peveri, S. Testa, and S.P. Sabatini, "A cortically-inspired architecture for 
event-based visual motion processing: From design principles to real-world 
applications", Proc. of the IEEE/CVF Conference on Computer Vision and 
Pattern Recognition (CVPR) Workshops, 2021, pp. 1395-1402. 

Contacts: Email: silvio.sabatini@unige.it   

http://www.dibris.unige.it/
mailto:silvio.sabatini@unige.it
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Systems for assessment and rehabilitation of binocular sensorimotor 
disorders 
[nota: questo tema è associato ad una borsa aggiuntiva autofinanziata] 
Tutor: 
Silvio P. Sabatini 
Department: 
DIBRIS, University of Genova www.dibris.unige.it 
Description: 
Binocular vision relies on a synergy between sensory and motor fusional 
mechanisms that jointly construct a single percept of the environment from the 
differing images formed on the two retinae. A failure in either component of this 
system, especially during development, can lead to permanent binocular vision 
impairment. Sensory impairments can include amblyopia, diplopia and suppression, 
oculomotor impairments can include strabismus and vergence insufficiency. The 
current gold standard treatments for amblyopia (occlusion and penalization) are 
primarily monocular and do not promote binocular perception or eye movement 
coordination. Similarly, treatments for strabismus do not typically address binocular 
visual perception. These limitations are at least partly due to a lack of practical 
methodologies for the assessment of sensory-motor function and partly due to a 
lack of co-ordinated sensory-motor therapies. Grounded on experimental evidence 
of significant plasticity in both sensory systems and motor systems, even in adults, 
the project aims at developing and evaluating efficient methods to measure sensory 
and motor deficits in persons with binocular vision impairment and to provide a 
quantitative framework for evidence-based assessment of sensory-motor therapy. 
The overall goal is to demonstrate the theoretical foundation for combined sensory 
and motor therapeutic approaches to binocular visual dysfunction. 
Both laboratory stimuli and natural and virtual 3D scenes will be employed. The 
former because of their high level of control, the latter because of their rich 
structure and relevance to real-world deficits. 
The proposed research is in connection with the NIH International Project “ARBi” 
(Feb 2022-Jan 2027) in collaboration with: Northeastern University, Boston and UC 
Berkeley, San Francisco. The Department of Ophthalmology, Boston Children's 
Hospital is also involved [https://reporter.nih.gov/search/PEJReFETsE6Vx5T-
METOdg/project-details/10366392]. 
Requirements: 
Applicants are expected to have a background in bioengineering, computer science, 
physics or related disciplines. Attitude for problem solving. Interest in experimental 
work. 
References:  

• A. Gibaldi, A. Canessa, and S.P. Sabatini, “The active side of stereopsis: 
Fixation strategy and adaptation to natural environments,” Sci. Rep. 7: 
44800, 2017. 

• Bossi, M., et al., “Binocular therapy for childhood amblyopia improves vision 
without breaking interocular suppression,” Invest. Ophthalmology & Visual 
Science, 58: 3031-3043, 2017. 

Contacts: 
Email: silvio.sabatini@unige.it  

http://www.dibris.unige.it/
mailto:silvio.sabatini@unige.it
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Action-perception interplay in joint action 
Tutor: Vittorio Sanguineti 
Department: DIBRIS (University of Genova) 
Description: Coordinating our actions with others – joint action - is pervasive in our 
daily life (eg  talking, dancing, singing, working, or playing sports)(Sebanz, Bekkering, 
and Knoblich 2006). In a joint action, we need to account for our opponent’s actions 
and intentions. Personal traits, emotions, short- and long-term goals also contribute 
to shaping the interaction.  
The general objective of this research is to understand the mechanisms of motor 
cognition during interaction with other humans.  Specific objectives include: (i) 
understanding whether and how individuals develop partner models during joint 
action; (ii) how and to what extent they use this information to make decisions and 
to perform the appropriate actions; and (iii) how joint skill acquisition develops 
through repeated practice.  
The proposed research will use a combination of behavioral experiments, 
computational models and development of novel robot devices.  We will use a 
distinctive approach, in which a dyadic haptic interface (Ganesh et al. 2014) will 
allow to control the interaction modalities in a variety of scenarios.  We will test 
healthy subjects and persons with sensorimotor or cognitive impairments which 
affect interaction capabilities (eg stroke, Parkinson, autism spectrum disorders).  
The experimental findings will be compared with generative computational models 
based on Bayesian estimation, optimal control, game theory and joint reinforcement 
learning to contrast different hypotheses on how we represent partners how and 
these representations affect learning (Chackochan and Sanguineti 2019).  
The research will help to form a computational theory of joint action and joint skill 
acquisition. We will also develop bio-inspired artificial agents with an inherent 
capability to interact with humans, which may be used in a variety of application 
domains, such as assessment of impaired interaction capabilities and more effective 
neuromotor and/or cognitive rehabilitation. 
Requirements: Background in biomedical engineering and/or robotics; Interest in 
neural control of movements and computational motor control. Experience with 
computational neuroscience and robot control would be a plus.  

References:  
Chackochan, Vinil T., and Vittorio Sanguineti. 2019. ‘Incomplete Information about 

the Partner Affects the Development of Collaborative Strategies in Joint 
Action’. PLOS Computational Biology 15 (12): e1006385. 
https://doi.org/10.1371/journal.pcbi.1006385. 

Ganesh, G., A. Takagi, R. Osu, T. Yoshioka, M. Kawato, and E. Burdet. 2014. ‘Two Is 
Better than One: Physical Interactions Improve Motor Performance in 
Humans’. Sci Rep 4: 3824. https://doi.org/10.1038/srep03824. 

Sebanz, N., H. Bekkering, and G. Knoblich. 2006. ‘Joint Action: Bodies and Minds 
Moving Together’. Trends in Cognitive Sciences 10: Elsevier--76. 

 
Contacts: vittorio.sanguineti@unige.it 
  

mailto:vittorio.sanguineti@unige.it


20 
 

Mobile applications for remote monitoring and contrasting cognitive 
decline 
Tutors: 1Vittorio Sanguineti, 2Maria Cristina Novello  
1Department: DIBRIS (University of Genova); 
2Center of Cognitive Disorders and Dementia, Galliera Hospital (Genova) 
 
Description:  An estimated 15-20% of persons over 65 years exhibit signs of mild 
cognitive impairment (MCI). A person with MCI has a greater risk of developing 
Alzheimer’s disease or other forms of dementia. Lifestyle, regular exercise and 
cognitive stimulation may reduce the risk of cognitive decline and dementia. Many 
standardized therapist-mediated tests and cognitive stimulation protocols exist, but 
remote monitoring based on mobile applications would allow a more timely 
detection of signs of impairment.  
The general objective of this research is to develop novel mobile solutions for 
monitoring and contrasting cognitive impairment – in particular, attention, executive 
functions, memory, language and executive functions – of persons with symptoms of 
cognitive decline.  An already available smartphone application which allows to 
administer a variety of  cognitive training exercises and to store their outcomes into 
a cloud-based repository will be extended with additional exercises.  The application 
will be complemented with a therapists’ front-end, which will allow to monitor 
users’ performance and to modify their training schedule to best fit the individual 
needs. In a pilot  trial involving outpatients from the center of cognitive disorders 
and dementia (CDCD) of the Galliera hospital, we will test usability, user experience 
and acceptance of the solution. In a comprehensive clinical trial, we will look at 
whether and how app-based training affects the natural evolution of cognitive 
functions. 
The final expected outcome is a general, comprehensive, clinically validated solution, 
which will be routinely offered to CDCD outpatients and integrated with electronic 
health records.  
Requirements: Background in biomedical engineering and mobile applications; 

Interest in cognitive functions and probabilistic models. Expertise in mobile 

applications and network (cloud) services (Java) would be a plus. 

References:  
F. Jessen, R. E. Amariglio, R. F. Buckley, W. M. van der Flier, Y. Han, J. L. Molinuevo, L. 
Rabin, D. M. Rentz, O. Rodriguez-Gomez, A. J. Saykin, et al., “The characterisation of 
subjective cognitive decline,” The Lancet Neurology 19(3): 271–278, 2020.  
E. Mantovani, C. Zucchella, S. Bottiroli, A. Federico, R. Giugno, G. Sandrini, C. 
Chiamulera, and S. Tamburin, “Telemedicine and virtual reality for cognitive 
rehabilitation: a roadmap for the COVID-19 pandemic,” Front Neurology, 11:926, 
2020. 
L. Nguyen, K. Murphy, and G. Andrews, “A game a day keeps cognitive decline away? 
A systematic review and meta-analysis of commercially available brain training 
programs in healthy and cognitively impaired older adults,” Neuropsychology 
Review, pp. 1–30, 2021. 
Contacts: vittorio.sanguineti@unige.it 
  

mailto:vittorio.sanguineti@unige.it
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Design and development of ultra-conformable multisite and multiparametric 
devices for neurophysiological in vitro applications 

Tutors: Andrea Spanu, Annalisa Bonfiglio 
Department: Dep. of Electrical and Electronic Engineering, Univ. Cagliari, Cagliari 
Description: 
The rapid development of in vitro electrophysiology, and in particular the advent of  
increasingly complex tridimensional cellular structures such as brain organoids and 
iPSC (induced Pluripotent Stem Cells)-derived neurospheroids, has highlighted the 
limitations of the most common recording devices (i.e. the Micro Electrode Arrays), 
which are optimized for recording and stimulating the activity of planar neuronal 
cultures. In fact, novel devices are needed in order to fully exploit the potentials of 
these peculiar cell cultures, which, unlike standard neuronal cultures, are 
characterized by the presence of the third dimension, a feature that has a massive 
impact on all the aspects of the culture. A feasible and very interesting approach for 
the development of such new-generation devices is offered by the recent advent of 
Organic Bioelectronics, which offers the possibility of developing advanced 
electronic systems on highly flexible substrates using cost-efficient, low temperature 
and large area fabrication technologies. 
The main idea behind this project is to employ the typical techniques and materials 
offered by organic electronics to realize an innovative, ultra-conformable (i.e. 
fabricated onto μm-thick substrates) sensing arrays that can be conveniently 
interfaced with 3D cellular structures (which can be effectively “wrapped” by the 
recording device itself) and employed to record different kinds of signals from the 
surface of brain organoids and/or neurospheroids. The devices will be characterized 
by the integration of passive micro-electrodes for the detection on the cellular 
electrical activity and organic-transistor based sensors for the monitoring of 
chemical parameters such as (but not limited to) pH. Such ultra-conformable tools 
will allow to perform low-cost, high-throughput and multiparametric analyses of 
brain organoids for neurophysiological studies and drug testing. Moreover, thanks to 
their ultra-thin structure, these devices will also allow an unprecedented thorough 
characterization and mapping of the surface of tridimensional cell aggregates, thus 
paving the way to a novel approach to the in vitro study of the human brain.  
Requirements: 
Background on bioelectronics and material science. Interest in understanding and 
study the physics of devices. Background in cellular biology and electronic circuits is 
also advisable. 
References:  

Brofiga, M., et al. "Three-dimensionality shapes the dynamics of cortical 
interconnected to hippocampal networks." J. Neural Eng., 17.5 (2020): 056044. 
Spanu, A., and A. Bonfiglio. "In Vitro Multiparametric Cellular Analysis by Micro 
Organic Charge-modulated Field-effect Transistor Arrays." Jove 175 (2021). 
Spanu, A., et al. "Parylene C-Based, Breathable Tattoo Electrodes for High-Quality 
Bio-Potential Measurements." Front. Bioeng. and Biotech. 10 (2022). 

Contacts: 
Email: andrea.spanu@unica.it; annalisa.bonfiglio@unica.it 
  

mailto:andrea.spanu@unica.it
mailto:annalisa.bonfiglio@unica.it
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AI-based neuromodulation for controlling neuronal activity 
 
Tutors: Michela Chiappalone, Paolo Massobrio  
Department: DIBRIS (University of Genova) 
Description: 
Nervous system disorders have become a significant socio-economic burden. Among 
the different diseases, a growing number of patients can benefit from therapies 
using electrical stimulation. Nevertheless, they still present limitation in their 
usability, mostly due to the fact that the current technologies do not allow a truly 
personalized stimulation strategy. Within this PhD project, the goal is to test novel 
neuromodulatory strategies on different experimental models at an increasing 
structural complexity: from 2D to 3D in vitro cultures up to in vivo animal models. 
Neuromodulation will be tested in healthy preparation as well as pathological ones. 
The core of the neuromodulation system will be a closed-loop system initially based 
on a simple activity-dependent paradigm, based on the detection of peculiar events, 
such as spikes or their combination (e.g. network bursts). The system will be 
improved by leveraging on AI/machine learning techniques to deliver the most 
effective stimulation policies to reliably entrain network activity and to achieve 
online/real-time ‘intelligent’ stimulation. A test-train-validate learning paradigm will 
be exploited to on-line identify an activity pattern and deliver an appropriate 
electrical stimulation to arrest, prevent or ‘rectify’ the pathological electrical 
discharges. A data analysis suite will be also developed to be used on the collected 
data and to provide an easy and fast comparison with the literature results, also in 
humans study. To this end, focus will be placed on: i) electrophysiological patterns 
(both Single/Multi Unit Activity and Local Field Potentials); ii) connectivity-related 
metrics (global measures such as modularity, dynamical richness, small worldness), 
to facilitate comparisons among the different experimental models. 
Requirements: 
Applicants are expected to have a background in (bio)engineering or mathematics or 
computer science; proficient programming skills: experience with Matlab/Simulink, C 
and/or Python for data analysis. Experience on data analysis of neural signals (MUA 
or LFP recordings) is recommended. Previous Lab experience is a plus. 
References:  

• Averna A et al. (2020). Cerebral Cortex, 30(5), 2879-2896. 

• Buccelli S et al. (2019). IScience, 19: 402-414 

• Brofiga M et al. (2022) Cerebral Cortex 32 (9), 1866-1881. 
 
Contacts: michela.chiappalone@unige.it; paolo.massobrio@unige.it 
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Brain-on-a-chip: 3D neuronal networks from human-induced Pluripotent 
Stem Cells coupled to innovative microtransducer arrays 
 
Tutor: Sergio Martinoia, Michela Chiappalone 
 
Department: DIBRIS (University of Genova)  
http://www.dibris.unige.it 

Description: We are interested, in general, in investigating how computational 
properties emerge in 2D and 3D neuronal populations in a human model in which 
iPSC (induced Pluripotent Stem Cells) derived neurons are used. The final aim is to 
develop a brain-on-a-chip platform to study how information processing and 
transmission is related to the properties of neuronal networks. In this project we 
propose to develop a systematic and controlled experimental approach for 
investigating the dynamics of 2D (as a control) and 3D neuronal networks coupled to 
innovative high-density devices by means of advanced analysis tools. We plan to 
extensively characterize and compare 2D and 3D neuronal cultures by means of 
electrical and chemical stimulation. In addition we will also characterize the 3D 
structure by means of optical (confocal) microscopy and immunofluorescence 
techniques. Within this framework we seek at developing a new in-vitro and 
automated system for neuropharmacology tests and on a long-term perspective a 
tool for precision medicine. In the last part of the project we foresee to challenge 
our experimental models with chemical substances and to study the 
electrophysiological response with respect to specific parameters (biomarkers). 

Requirements: background in bioengineering, physics, computational neuroscience, 
computer science. Attitude for problem solving. Interests in understanding/learning 
basic biology. 

Reference:  

Tedesco M., Di Lisa D., et al., Soft chitosan microbeads scaffold for 3D functional 
neuronal networks, Biomaterials, 156, 159-171, (2018) 

Frega et al., Neuronal network dysfunction in a model for Kleefstra syndrome 
mediated by enhanced NMDAR signaling, Nature Comm., (2019) 

Contacts: sergio.martinoia@unige.it 
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Optimization of neuromodulation by combining in-vivo recordings and 
synchronized brain oscillations  
 
Tutor: Gabriele Arnulfo, Michela Chiappalone 
Department: DIBRIS (University of Genova)  
http://www.dibris.unige.it 

Description: Neurons in specific brain regions synchronize their activity in response 
to sensory stimuli. This activity can be measured in the extra-cellular medium as a 
dynamical modulation of the electrical field potentials. These transient amplitude 
increase (i.e. neuronal spikes) are transmitted by ongoing extra-cellular oscillatory 
activity in the local field potentials (LFPs)1.   

Synchronized field oscillations promote efficient transmission of sensory information 
and are affected by pathological states shifting from hyper-synchronized states (e.g. 
epilepsy) or hypo-synchronised pathologies (e.g. psychiatric disorders). Brain 
oscillations constitute a global target for neuromodulation approaches aimed at 
entraining or suppressing them.  

In common practice the selection of the stimulation channel(s) is dictated by 
empirical evidences (i.e. testing different selection), constraints in stimulation 
devices (i.e. limited number of probes), or driven by clinical needs (i.e. single 
therapeutic target – e.g. DBS in Parkinson’s patients). 

In this project we are interested in constructing a general framework for optimal 
selecting the stimulation sites in complex brain networks by combining theoretical 
and modelling approach with in-vivo experiments in rodents. The experiments will 
aim at developing novel neuromodulatory strategies to suppress aberrant neural 
oscillations due to pathological neurological conditions. 

 

Requirements: background in bioengineering, physics, computational neuroscience, 
computer science. Attitude for problem solving. Interests in understanding/learning 
basic biology. Previous Lab experience will be taken into high consideration. 

References: 
Arnulfo et al. Nature Communications 11(1):5363. doi: 10.1038/s41467-020-18975-8 
(2020) 

Averna et al. Cerebral Cortex 31 (11), 5042-5055. doi: 10.1093/cercor/bhab140 
(2021) 

Carè, et al. Bioelectronic Medicine. 8(1):4. doi: 10.1186/s42234-022-00086-y (2022) 
 

Contacts: gabriele.arnulfo@unige.it; michela.chiappalone@unige.it 
 


