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WELCOME MESSAGE SAN 2022 
 

Dear colleagues, 
The Society of Applied Neuroscience, in cooperation with the Aristotle 
University of Thessaloniki, have the great pleasure to welcome you to 
Thessaloniki, Greece and the SAN 2022 Conference. 
With your participation in the SAN 2022 Conference we managed to put 
together what looks like a highly promising scientific program with many oral 
and poster presentation and a unique list of workshops (most of them hands-
on or with the participation of practitioners) and symposia (all of them in hot 
themes/topics).  
 
All these together with the lively social program will give our guests the 
opportunity to enjoy the host city, Thessaloniki. 
 
Neuroscience, especially applied Neuroscience, is now at a crossroad: there 
exist enough results and evidence that provide the promise to enable proper 
methodologies, techniques and technologies to be translated to clinical 
practice or have a direct impact in certain application fields and impact the 
wider society and its key problems and life-time challenges. 
We feel confident, that as a Society, we provide some bits in this puzzle 
towards the achievement of this endeavor.  
 
We do hope that you enjoy SAN 2022 both scientifically and socially, as one 
of our main purposes is to give the chance to all colleagues to establish new 
fruitful international collaborations, in areas of mutual academic and clinical 
interests.  
 
We also believe that it this book of abstracts will be the starting point for some 
special issues and research themes in several journals like it happened in 
previous SAN conferences. 
 
All the best to each one of you! 
 

Panos Bamidis 

SAN 2022 Conference Chair 
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Sylvain Baillet 

“Neurophysiological signaling of brain predictive mechanisms” 

Keynote Speaker 

 

A difficult research question in systems neuroscience concerns the mechanistic elucidation 

of information integration by the brain: How do sensory inputs interact with ongoing neural 

activity? What is the nature of the convergence or tension between external inputs and the 

mental representations of our environment? How are these mechanisms altered in disease? 

We recently proposed a model of systems dynamics in hierarchical brain networks based on 

polyrhythmic oscillatory brain activity. This mechanistic framework implements a generic 

form of contextual predictive inference of the input signals of brain networks. In essence, 

this vision is aligned with the principles of perceptual inference, which predict that 

spontaneous brain activity during wakefulness constantly implements the self’s 

representation of its environment and the possible consequences of its actions. 

Inspired by this framework, I will review a series of neurophysiological data that account for 

this hypothesis in a diversity of brain functions. In particular, we recently proposed to train 

artificial neural networks on naturalistic stimuli to produce encoding models of neural 

activity that account for contextual uncertainty and prediction errors in perception. I will 

show how we used this approach to reveal the corresponding brain signaling pathways for 

natural speech processing. 
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Andreas Ioannides 

“Contemplating a new (sleep staging) system describing brain activity, without losing contact 

with the knowledge derived from the classical ways” 

Invited Speaker 

 

 

Laboratory for Human Brain Dynamics, AAI Scientific Cultural Services Ltd., Nicosia, Cyprus, 

Background: The introduction of formal criteria for sleep staging in the 1960s (Rechtschaffen 

and Kales, 1968) revolutionised the study of sleep. A massive volume of hypnograms (formal 

sleep records) has been amassed and is used routinely in sleep medicine and basic research. 

The classical sleep staging criteria relied on visual inspection of the electroencephalography 

(EEG) record. Sleep experts identified high amplitude and/or highly rhythmic events that 

were defined as the hallmarks of each distinct sleep stages. Critically quiet periods between 

such events inherited the sleep stage label of the previous period. This collection of rules 

provided the first principled and reproducible characterisation of sleep. Nevertheless, 

viewed from today’s vantage view, the original sleep staging criteria were limited by the low 

quality of the EEG signal available over half a century ago. Today, these limitations are too 

obvious to ignore. Yet, recent changes in the criteria (Silber et al., 2007) do not address 

fundamental deficiencies, because their main goal is to improve the agreement amongst 

experts with practically no effort to exploit recent advances in sleep EEG and neuroimaging 

recordings and analysis. Next, we report our recent finding with the latest ones representing 

the collateral output of our search for human ponto-geniculate-occipital (PGO) waves guided 

by recent reports linking PGOs to heart rate (HR) surges (HRS) (Rowe et al., 1999). 

Objective: Looking at the progression of our work retrospectively, we recognise both an 

element of serendipity from our ongoing hunt for human PGO waves. This has accelerated 

the almost inevitable eventual fall into the attractor of the lasting objective: to advance 

sleep staging in a principled way, based on sleep physiology, while preserving continuity 

with the rich earlier records obtained with traditional sleep staging criteria. 
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Methods and Results: The details of the work are already out (Ioannides et al., 2022b), which 

allows us to focus this short description on the distinct conceptual advances and the 

underlying logic of the findings. The distinct conceptual advances were: 

 The realization that at least some of, probably all, hallmarks of sleep stages do not have 

constant features or generators (at the time of the prominent EEG signal) and they do not 

represent brain wide reproducible excitation patterns. They are chaotic occurrences. They 

probably represent the rise to a chaotic and unstable period which on completion returns 

back to equilibrium (Dehghani et al., 2010; Frauscher et al., 2015; Ioannides et al., 2017, 

2019). The only available candidates for such an equilibrium state are the quiet periods of 

the corresponding sleep stage. 

 The key conjecture is that the quiet periods are far from boring and uninteresting; they 

represent the foundational or “core” periods of each sleep stage. Therefore, studying the 

core periods could help us understand sleep, in a similar way, the study of the ground state 

of atoms helped us understand chemistry. In a move towards validating this conjecture, 

tomographic analysis was performed and already demonstrated that core periods have their 

own signatures that can: 

o Distinguish as well, if not better the sleep stages defined by the hallmarks. o Using core 

periods, it is possible to extend the characterisation into periods when sleep is disturbed and 

to describe transitions between sleep stages (Ioannides et al., 2022a). 

o Reveal an orderly and monotonic increase in the gamma band activity in one frontal and 

one posterior midline dorsal areas: from awake to light and then deep sleep, culminating in 

a crescendo of activity during REM sleep (Ioannides et al., 2009). The identified dorsal 

midline areas were interpreted as the closest we are likely to come to a neural 

representation of self (Ioannides, 2018). 

o For the hallmarks studied so far, the key precursors were identified by comparing the 

period before each hallmark with the core period of the sleep stage it defines.  

The analysis showed in each case that the chaotic periods are preceded by activity in specific 

brain areas, which are their putative generators. 

32



 

 

 

 The analysis of core periods of sleep stages has advanced our understanding of sleep, but 

did not remove the limitations of classical sleep stages. A detail analysis of the sleep stages 

and other auxiliary channels, particularly the electrocardiogram (ECG), revealed an anomaly 

in the classical sleep staging which showed most prominently during HRS. This anomaly 

could be removed by defining a new period of sleep, REM0, on the basis of simple criteria 

based on the variance of HR and the variance of one more electrophysiological measure 

(EEG, MEG or EMG) (Ioannides et al., 2022b). 

Conclusions: For now, REM0 can be added, as an additional label, to the classical sleep 

stages to ensure continuity with the huge reservoir of hypnograms based on the classical 

sleep staging criteria. The association of REM0 with classical sleep staging, together with 

other suggestions (Simor et al., 2020) can also lead to a staged and orderly transition to a 

new sleep staging system if the claim of REM0 as a putative new sleep stage is validated. 
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Grigorios Kyriatzis 

“Applications of neuropeptides and their receptors in neuroplasticity and 

neuroinflammation occurring in neurodegenerative diseases; current data. Cellular and 

molecular approach” 
 

Invited Speaker 
 

 

Neuroplasticity, the flexibility & adaptability of the brain after inflammation or injury at 

the central nervous system (CNS) or peripheral tissues, among others, occurs through 

changes in gene expression that involve neuroplastic changes (positive): synaptic long-

term potentiation, reduced neuronal excitability, increased inhibition and neurogenesis (in 

neurodegenerative diseases). Valence, the positive or negative associative learning, that is 

paramount for survival, is an example of neuroplasticity mediated by synaptic plasticity 

onto divergent paths. In the CNS, these changes derive primarily from neuropeptides (or 

neuroactive peptides). Neurotensin (NT) is an endogenous neuropeptide, neurotransmitter 

and neuromodulator. It mediates both central and peripheral effects, among others 

analgesia, ethanol and addictive drug abuse, valence, and has been involved in a number 

of pathologies including stress/valence-related disorders. NT mediates its effects upon 

binding on 3 distinct receptor subtypes (NTSRs), NTSR1, NTSR2 and NTSR3. The NT system 

induces positive neuroplastic changes in various brain areas. 

A negative form of neuroplasticity is neuroinflammation, that arises from dysregulation of 

activated glial cells and neuromodulators that they induce, that contribute to a variety 

of negative neuroplastic changes: synaptic dysregulations, enhanced neuronal excitability 

and reduced inhibition. We have recently shown that NTSR2 is highly expressed during 

neuroinflammation occurring post epilepsy and NTSR2 blockade reduces inflammation in 

glial cells in vitro. The strong inflammatory response is one of the main causes behind 

neurodegeneration that takes place in CNS diseases. The discovery of new drugs aiming at 

the constraint of neuroinflammation may prove to be a valuable treatment strategy. 
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Kostas Nizamis 

“The hand in Duchenne muscular dystrophy: enabling rehabilitation” 
 

Invited Speaker 

 

 

The hand is a very complex and versatile tool, which allows humans to interact with their 

immediate environment, engage in daily life activities and socialize. Individuals with 

Duchenne muscular dystrophy (DMD), experience years of deteriorated hand function, 

leading to severe dependence on caregivers. Robotic exoskeletons can provide a feasible 

solution for the active hand support of individuals with DMD. My work describes the 

development of a hand exoskeleton that meets the specific needs of individuals with DMD, 

in order to raise their quality of life and social participation and acceptance. To this end, in 

the Symbionics project we developed the SymbiHand orthosis; an active wearable hand 

exoskeleton for people with DMD. My role in this project was the characterization of the 

hand neuro-motor function in DMD and the development and application of robust hand 

motor intention decoding, for the control of the SymbiHand. 
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Petra Ritter 

“Virtual Brain Cloud: Enabling Complex Simulations with Multilevel Health Data” 

Invited Speaker 

 

 

Virtual Brain Cloud generates multilevel virtual brains of patients and healthy human 

controls for research and innovation. Brain data from multiple sources are being pre-

processed and annotated with a common data model - such that they all relate to common 

spatial reference frameworks. The platform thus offers a next generation clinical research 

infrastructure - compliant with EU Data Protection Regulations and creates an open yet 

protected space for groundbreaking digital health innovation. 
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Society of Applied Neuroscience

WORKSHOP
Basic Neuranatomy Tutorial;

Merging the Tangible with the Virtual

Anatomy is the first experien�ally taught topic in human history. Preparing and demonstra�on of 

specific anatomical structures from cadavers dates far before the first science experiment. One part of 

anatomy, though, Neuroanatomy, is rather challenging to teach solely through cadavers. In other 

anatomical structures their posi�ons are apparent in an appropriately prepared cadaver. 

Neuroanatomy has several dis�nct structures, especially in the Central Nervous System (CNS) that are 

not histologically varied but are dis�nct enough, evolu�onary and func�onally, to be differen�ated 

anatomically. This situa�on leads to challenges when aiming to demonstrate the structure of the brain 

and specific neural pathways in the CNS. 

Virtual and Augmented Reality, the cu�ng edge of contemporary experien�al media can readily 

alleviate these challenges in Neuroanatomy teaching. Through 3d modelling, different CNS structures 

can be made visually dis�nct. Different colours, different textures and anima�ons, can create an 

interac�ve virtual CNS anatomical prepara�on that is far more readily available in digital form. Adding 

«just in �me» informa�on in this experience with concise info-panels along each structure can help 

the medical student to build a solid neuroanatomical paradigm that will support further studies 

further down, along their curricular schedule.

This workshop aims to bring to the forefront, for its par�cipants, this duality between the tangible and 

the virtual in neuroanatomy educa�on. Tangible anatomical prepara�ons, in the form of plas�c and 

real �ssue brains, will be u�lized by expert anatomy teachers to demonstrate contemporary 

neuroanatomy teaching.  In Tandem, a VR neuroanatomy sta�on will be demonstra�ng a similar part 

of neuroanatomical teaching using immersive headsets.
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SEPTEMBER 2022

Society of Applied Neuroscience

WORKSHOP

Basic
Neuranatomy Tutorial;
Merging the Tangible

with the Virtual

Hall 2

Chairs: Panagiotis Antoniou,
            Georgios Paraskevas

Friday 6 1 , September
Time: 16.30-18.00

G. Paraskevas, P.E. Antoniou, A. Athanasiou, I. Asouhidou, D. Anes�s,
P. David, K. Tagaras, E. Babatsikos, P.D.Bamidis
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This work was supported by the ENTICE Erasmus+ Knowledge Alliance (612444-EPP-1-2019-1-CY-

EPPKA2-KA) 

A C K N O W L E D G E M E N T S

The first 15 minutes of the workshop will comprise a brief introduc�on of the presenters, as well as 

the tangible and virtual resources. A�er this introduc�on, the par�cipants will par�cipate in an 

interac�ve demonstra�on of neuroanatomy topics in each of the three sta�ons (Plas�c, real �ssue 

anatomical prepara�on, VR headset sta�on). The expected dura�on of each sta�on's demonstra�on 

will be 30 minutes. In the remaining �me, the par�cipants will par�cipate in an open-ended Q&A with 

the facilitators of the workshop regarding their experience. 
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SEPTEMBER 2022

Society of Applied Neuroscience

WORKSHOP
 Exploring Affect

in Medical Education and Training
P.E. Antoniou, S. Reppou, C. Plomari�, N. Pandria, A. Athanasiou, V. Kiosses, G. Ntakakis,

I. Tsoupouroglou, P. D. Bamidis

During the first 30 minutes of the workshop, the projects that incited the crea�on of the training 
resources will be presented in brief, along with the ra�onale and key educa�onal points behind each 
training scenario. For the next 45 minutes, the par�cipants will be divided into groups where they will 
be given the opportunity to try firsthand at least one of the scenarios. A�er that, each group will be 
interviewed and complete a brief ques�onnaire in order to explore their affec�ve state occurring 
during the training course. Finally, for the last 45 minutes the par�cipants will be able to discuss 
together with the facilitators their experience and share ideas, with the use of a canvas, on using 
affect for more impac�ul learning in medical educa�onal episodes.

The aim of this hands-on workshop is to explore the concepts and applica�ons of affec�ve learning in 
medical training and introduce its audience to the use of innova�ve, technology-oriented methods. A 
series of training scenarios implemented in virtual reality will be presented to the par�cipants, who 
will have the opportunity to try them and then par�cipate in an interac�ve session dedicated to 
exploring their affec�ve states during the learning process. The presented training resources will 
include:
• Empathy training for healthcare professionals
• Surgical and/or neuroanatomy training
• Basic skills training (prepara�on for ECG, basic ECG reading skills, basic radiology skills)

Affect (emo�onal state) is understood to play a vital part in the learning process and in shaping 
learning, as it is linked to concepts such as mo�va�on, interest, and a�en�on. O�en�mes, learning 
occurs during an emo�onal episode; therefore, the connec�on between affect and learning provide 
some useful insight into how people learn. In addi�on, there is evidence of the influence and 
capability of digital tools such as Mixed, Virtual, and Augmented Reality (MR/VR/AR, commonly 
referred to as XR) for detec�ng and influencing the emo�onal state of users during learning ac�vi�es.

WWW . SAN 2 0 2 2 . O RG
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15-17
SEPTEMBER 2022

Society of Applied Neuroscience

WORKSHOP

 Exploring Affect
in Medical Education

and Training

Hall 1

Thursday 5 1 , September
Time: 15.30-17.30

A C K N O W L E D G E M E N T

This work was supported by the ENTICE Erasmus+ Knowledge Alliance (612444-EPP-1-2019-1-CY-

EPPKA2-KA) and the InAdvance Horizon 2020 project (H2020-SC1-BHC-2018-2020 No. 825750)
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Near-infrared spectroscopy (NIRS) is an imaging technique that uses light to measure muscle or 
cerebral oxygena�on. One variant of this technique called func�onal NIRS (fNIRS) can be used to 
measure brain ac�vity. fNIRS has become popular increasingly over the past years among researchers 
because of its wearability, portability and ease of use. Addi�onally, fNIRS is non-invasive and 
compa�ble with many other techniques such as EEG, tES and can provide complementary 
informa�on.
fNIRS measures the brains hemodynamic response and local changes so it provides a rela�vely high 
spa�al resolu�on. In this workshop we will discuss the basics of fNIRS and demonstrate how to get 
started with this technique using our devices.

O R G A N I Z E R I N F O

 We will hold two sessions so more a�endees can join and get to know the technique and our devices.

WWW . SAN 2 0 2 2 . O RG

P E R S E S S I O N

 • Dura�on: 90 minutes

• Number of a�endees: 10-15, 50 euros registra�on fee

• Suitable for: Anyone who is interested in using fNIRS technique in research
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 fNIRS
Workshop

Hall 2

Thursday 17, September
Time: 10.00-12.00
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S P E A K E R S

Parivash Pourabbasi

 - MSc. Biomedical Engineering

- Applica�on Specialist at Ar�nis

 Bauke Wiersma

  - MSc. Human Movement Science

- Applica�on Specialist at Ar�nis

O U T L I N E

• Hands-on session: Device and So�ware Demo, Demo data collec�on (40 min.)

quality (15 min.)

• Mul�-modality, synchroniza�on and data analysis op�ons (15 min.)

• Q & A: (10 min.)

 • Basics of fNIRS (10 min.)

• Prac�cal considera�ons fNIRS experiment set up: study design, optode placement, data
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From space medicine to clinical

practice: A hands on workshop towards
beyond the art rehabilitation protocols.

Organisers: Chrysoula Kour�dou-Papadeli, Christos Frantzidis, Evdokimos Konstan�nidis, Chris�na Plomari�

caused by bed confinement and inac�ve lifestyle. Among them, the short-arm human centrifuge 
(SAHC) has been proposed as a realiza�on of Ar�ficial Gravity / AG, but most of its applica�ons are 
targeted for use in space.

par�cipatory design and co-crea�on approaches.
It will consist of presenta�ons on the following topics:

It is well known that bed confinement and inac�vity lead to detrimental consequences in many 
physiological systems, like the cardiovascular and the musculoskeletal. The main reason for this is the 
ineffec�ve use of the gravity loads administered to the body in these situa�ons. Several 
countermeasures have been proposed to mi�gate the physiological mul�system decondi�oning

• Presenta�on of the Vitalise project (aims, methodology, research infrastructures)

• Use of ar�ficial gravity training on healthy popula�on

• Latest advances on countermeasures for mi�ga�ng detrimental microgravity effects.
• Infrastructures of the human centrifuge (a joint presenta�on including the infrastructures of all the 
different labs par�cipa�ng in the workshop)

• Presenta�on of the Vitalise project: Protocol for using the SAHC for rehabilita�on in stroke

• Future aspects of the centrifuge
• Co-crea�on session: At the last half hour of the workshop the a�endees will be given the 
opportunity to share among them and with the organizers of the workshop their ideas on the 
following topics. At first, a canvas will appear where everybody will be able to write their ideas and at 
the final 10 minutes a discussion will take place based on the created canvas o Other applica�ons of 
space-related countermeasures in rehabilita�on and medical prac�ce
o Use of the space-related countermeasures for physical training and well-being

• Applica�ons in rehabilita�on

The focus of this workshop will be to 1) present the latest advances in the fields of space medicine and 
related countermeasures, 2) discuss how space-related research could be transferred to the clinical 
prac�ce for rehabilita�on and improving physical health and wellbeing, 3) perform a hands-on 
workshop on integra�ng space-related research in everyday medical prac�ce, through

pa�ents

o Combina�on of the space-related countermeasures with other rehabilita�on techniques
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Thursday 5 1 , September
Time: 10.00-12.00
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1. Chrysoula Kour�dou-Papadeli, Director of the AeroMedical Center of Thessaloniki & Greek

Physics and Digital Innova�on Laboratory, School of Medicine, Aristotle University of

Aristotle University of Thessaloniki, Thessaloniki, Greece

6. Ivana Rosenweig, Department of Neuroimaging, Sleep and Brain Plas�city Centre, Ins�tute of

5. Despoina Petsani, Medical Physics and Digital Innova�on Laboratory, School of Medicine,

7. Smaranda Nafsika Ketseridou, Medical Physics and Digital Innova�on Laboratory, School of

Medicine, Aristotle University of Thessaloniki, Thessaloniki, Greece

2. Evdokimos Konstan�nidis, European Network of Living Labs, Brussels, Belgium, Medical

3. Chris�na Plomari�, Medical Physics and Digital Innova�on Laboratory, School of Medicine,

Aristotle University of Thessaloniki, Thessaloniki, Greece

Psychiatry, Psychology and Neuroscience (IoPPN), King’s College London (KCL), De Crespigny Park, Box 

089, London, SE5 8AF, UK

Thessaloniki, Thessaloniki, Greece

AeroSpace Medical Associa�on – Space Research (GASMA-SR)

4. Christos Frantzidis, Medical Physics and Digital Innova�on Laboratory, School of Medicine,

Aristotle University of Thessaloniki, Thessaloniki, Greece

P R E S E N T E R S

1. Chris�na Plomari�, Medical Physics and Digital Innova�on Laboratory, School of Medicine,

Aristotle University of Thessaloniki, Thessaloniki, Greece

Aristotle University of Thessaloniki, Thessaloniki, Greece

4. Smaranda Nafsika Ketseridou, Medical Physics and Digital Innova�on Laboratory, School of

3. Vasileia Petronikolou, Medical Physics and Digital Innova�on Laboratory, School of Medicine,

Aristotle University of Thessaloniki, Thessaloniki, Greece

Medicine, Aristotle University of Thessaloniki, Thessaloniki, Greece

2. Despoina Petsani, Medical Physics and Digital Innova�on Laboratory, School of Medicine,

C O C R E AT I O N FA S C I L I TAT O R S

A C K N O W L E D G E M E N T

Programmmes VITALISE (No. 101007990 - h�ps://vitalise-project.eu/)

This workshop is funded by the European Union Horizon 2020 Research and Innova�on
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 Importance of Neurobiofeedback

Treatment in Alcohol and Substance Abuse

NF has been used successfully in numerous psychiatric disorders of ADHD, depression, anxiety, mTBI, 

Alcohol and Substance Abuse. The addict's brain is condi�oned with the Neurobiofeedback treatment 

method, reducing the desire for the substance or completely elimina�ng the desire and use of the 

substance by ensuring that it is completely under control.

Substance Use Disorders (SUDs) include disorders related to the taking of a drug(s) of abuse (including 

alcohol). QEEG biomarkers has been shown to have good differen�al diagnos�c capability for SUDs. 

Among the medical treatment methods used in the treatment of SUDs., medical drugs, 

psychotherapies, and detox programs are the most frequently used, but there is no cure. Alcohol and 

drug/addic�on are registered in the regions of the brain with deep mechanisms by the condi�oning 

method. When the person sees and thinks, or when he is stressed, it creates desire. The nucleus 

accumbens, the center of the brain's reward system, is overfilled with dopamine. The hippocampus 

briefly remembers this pleasurable event, and records it with the amygdala condi�oning method. If a 

mul�-faceted treatment view is not exhibited, problems of recurrence and inability to produce 

permanent solu�ons arise.

Learn the fundamentals of biomarkers findings in SUDs and be able to recognize characteris�c marker 

analysis before neurofeedback treatment and during neurofeedback treatment. Develop a ra�onale 

interven�on based on this assessment data which develops baseline NF treatment protocols for 

personalized medicine treatment model in SUDs.

 To be able to use one of the non-medica�on treatments for Alcohol and Substance Abuse such as 

neurofeedback. If SUD pa�ents don’t get be�er with medica�on or other treatments, to learn more 

effec�ve ways of trea�ng SUDs. Learn how to use neurobiofeedback as a therapeu�c tool.

L E A R N I N G O B J E C T I V E S WWW . SAN 2 0 2 2 . O RG
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 Importance of
Neurobiofeedback 

Treatment in Alcohol and 
Substance Abuse

Hall 2

Thursday 5 1 , September
Time: 15.30-17.30

Tanju Surmeli, MD, BCN, IBQE-D, QEEG-D Psychiatrist
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8. Protocol development examples from literatüre and our clinical cases

7. Literature review of Neurofeedback studies in SUDs

5. Importance of Neurobiofeedback Treatment in SUDs

3. Role of craving in relapse of SUDs

9. Ques�ons and Answers

6. Importance of QEEG biomarkers and Neurobiofeedback Treatment in Dual diagnosis

2. QEEG biomarkers for good differen�al diagnos�c capability for SUDs

4. The medical treatment methods used in the treatment of SUDs

Time of workshop: Half day (3 hours) (9 am to 12 pm)

Chair and Presenter: Tanju Surmeli, MD, BCN, IBQE-D, QEEG-D Psychiatrist

Title: Importance of Neurobiofeedback Treatment in Alcohol and Substance Abuse (SUDs)

Workshop Sub Topics:

1. General introduc�on

G E N E R A L I N F O R M AT I O N

Dr. Tanju Sürmeli received his Medical Doctor degree from Dokuz Eylül University in 1984 in Izmir, 

Turkey. He has completed Harvard Medical School’s Global Clinical Scholars Research Training 

Program. He also completed a Research Fellowship in EEG and psychopharmacology at New York 

Medical College. He did post doctorate training in Family therapy at the Ackerman Ins�tute for Family 

Therapy. He also worked at the Manic depression Founda�on and Colombia-NYSPI under Prof Dr.

Ronald Fieve. He learned Hypnosis at the Milton Ericson Hypnosis Ins�tute. He did his residency 

training in Psychiatry and Neurology at University of Connec�cut/Ins�tute of Living, Yale, and 

University of Texas, San Antonio. He is a board and ECFM cer�fied psychiatrist. His associate 

professorship applica�on is under review by the Turkish Higher Educa�on Board's appointed jury for 

works reviewal. Upon returning to Turkey in 2001, he founded the Healthy Living Center for Research 

and Educa�on. He is the founder of the Biofeedback, Neurofeedback and QEEG/ERP use in Psychiatry 

Founda�on. He is the only BCN and QEEG cer�fied psychiatrist in Turkey.

Istanbul, Turkey 34394 Tel: 00902123472208

Director Healthy Living Center for Research and Educa�on

 2nd Edi�on of Neurofeedback and Neuromodula�on Techniques and Applica�ons, Edited by Robert 

Cohen and James R. Evans, Chapter 11: Evidence suppor�ng neurofeedback for adult psychiatric 

disorders, including Alcohol and Substance Abuse research by Tanju Surmeli for Elsevier (2022; in 

review)

Dr. Tanju Sürmeli, Psychiatrist

As well, he has numerous memberships (AMA, APA , AAPB, ISNR, SAN, BFE, ECNS) and teaching 

posi�ons in interna�onal medical socie�es’ workshops. He is also a reviewer for the Journal of Clinical 

EEG and Neurosciences, Psychiatry Research, Behavioural Neurology, Schizophrenia Research, and 

Journal of Child Psychology and Psychiatry, Neuro Biobehavioral reviews, Nature Scien�fic Reports,

R E F E R E N C E S
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Interna�onal Workshops, Symposiums/Workshop
and Symposiums Faculty Posi�ons

2.QEEG and EEG Feedback in Psychiatry: Clinical Applica�ons. Symposium, APA Yearly Mee�ng, San 

Diego, CA, 2012

5.QEEG Guided Neurofeedback Training. APA Yearly Mee�ng, San Diego, CA, 2007.

 1.Clinical Electrophysiology as a biomarker diagnos�c and treatment in Psychiatric se�ng; ECNS, Sept. 

2018, Pi�sburgh

4.Psychopharmacology and EEG; QEEG Guided Neurofeedback Training, SAN and COST B27 Electric 

Neuronal Oscilla�ons and Cogni�on 2nd Yearly Conference Seville, 2008.

3.QEEG Guided Neurofeedback Training Seminar. BFE Annual Mee�ng Eindhoven, NL 2009

6.QEEG Workshop in the Neurofeedback Social Educa�on Center. Starnberg, Munich 2004.

As well, he has numerous memberships (AMA, APA , AAPB, ISNR, SAN, BFE, ECNS) and teaching 

posi�ons in interna�onal medical socie�es’ workshops. He is also a reviewer for the Journal of Clinical 

EEG and Neurosciences, Psychiatry Research, Behavioural Neurology, Schizophrenia Research, and 

Journal of Child Psychology and Psychiatry, Neuro Biobehavioral reviews, Nature Scien�fic Reports,

He is a board member for Interna�onal QEEG Cer�fica�on in US, was invited by the Interna�onal 

Quan�ta�ve Board of Electrophysiology in US to be a QEEG board member for the 2015-2016 term 

and extended for 4 more years and elected as a president and a former Board member for the 

Interna�onal Society for Neurofeedback and Research in US, and Board member for the Society of 

Applied Neuroscience in Europe. His Schizophrenia Case Study paper was awarded as a publica�on 

that, “in its considera�on, has most significantly advanced the field of Neurofeedback in 2013.”

NeuroImage, Journal of Alzheimer's Disease and Journal of Child Psychology and Psychiatry. Upon the 

request of the Swiss Na�onal Science Founda�on, he reviewed as an expert reviewer, scien�sts’ 

placebo controlled grant applica�ons; in 2015 "Neurofeedback in Schizophrenia", in 2017 

"Neurofeedback in Bipolar Disorder and Borderline Disorder", in 2018 scien�sts’ "Neurofeedback in 

residual symptoms of Bipolar Disorder."

He has authored textbooks or chapters on Psychiatry, QEEG and Neurofeedback, such as 2nd Edi�on 

of Neurofeedback and Neuromodula�on Techniques and Applica�ons, Edited by Robert Cohen and 

James R. Evans, Chapter 11: Evidence suppor�ng neurofeedback for adult psychiatric disorders, 

including Alcohol and Substance Abuse research by Tanju Surmeli for Elsevier (2022; in review) and

His research interests include QEEG, Neurofeedback in Substance abuse, MCI, Alzheimer’s Disease, 

Vasculer Demen�a, Down Syndrome, Mental Disability and Schizophrenia. He took part in the Turkey 

branch of the European Union's COST B27 proposal for the Electric Neuronal Oscilla�ons (ENOC) and 

Cogni�on ac�on program.

papers published in Interna�onal Journals.
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and Clinicians - Tin-TRAC Training

Interprofessional Training
for Tinnitus Researchers

4. transfer workshops outcomes into formal specifica�ons for RLOs development.
5. understand what an RLO is and �s pedagogical value

3. organize and facilitate par�cipatory workshops with stakeholders in order to enable the co-design and user-centre 
approaches

Via this ac�on, the par�cipants will co-crea�vely prepare the form of the RLOs, that will be integrated in the EU-wide e-
Learning pla�orm, suppor�ng a mul�disciplinary applicable, standardized curriculum on Tinnitus assessment procedures 
and treatment recommenda�ons, by a variety of videos, webinars, quiz, playful learning ac�vi�es. The goal is to design a set 
of interac�ve, visual, small in size and highly aligned with perceived learning needs RLOs, targe�ng �nnitus.

The Ins�tute of Communica�on and Computer Systems (ICCS) will implement the ac�vity leading a learning path with the 
following objec�ves:
1. demonstrate understanding of the co-design methodologies for Open Educa�on Resources (OER) with emphasis on the 
ASPIRE framework (“Aims, Storyboarding, Popula�on, implementa�on, Release, and Evalua�on“).
2. demonstrate knowledge of the user-centre development approach

Tinnitus is defined as the sensa�on of noise in the absence of a corresponding external sound. It consists of two parameters, 
a phantom ringing, hissing or buzzing in the ears or head and the degree of emo�onal reac�on to this percept. 
Epidemiological studies suggest that it affects 10-30% of adult popula�on in EU countries, while its incidence reaches 5.4 
new cases /10000 inhabitants. 
Interdisciplinary approach and individualized treatment plan are key points for successful management, due to the great 
heterogeneity of symptoms. Interprofessional Training for Tinnitus Researchers and Clinicians (Tin-TRAC) will create digital  
resources that are going to be available to a wide audience of healthcare professionals, clinicians and researchers for the 
purpose of integra�ng �nnitus assessment and management in terms of clinical and research prac�ce throughout EU. Tin -
TRAC's co- crea�ve health culture and audio-visual resources aim to be understandable from pa�ents and professionals 
from varied background, via a horizontal thema�c approach to exploit recent (neuro)scien�fic advances on the field and 
acquire �nnitus specialized skills, through webinars, workshops, scien�fic exchange and innova�ve learning objec�ves.
Teaching staff, researchers, academics, clinical skills experts, learning technologists and IT specialists are invited to 
par�cipate to the workshop and collabora�vely train on co-design and implementa�on of RLOs, combining theore�cal and 
hands on training. 

E. Vellidou, D. Kikidis, E. Romanopoulou, S. Gilou, S. Triaridis, P. D. Bamidis, E. Paraskevopoulos
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Interprofessional Training 
for Tinnitus Researchers 

and Clinicians -
Tin-TRAC Training

Hall 3

Friday 6 1 , September
Time: 16.30-18.00

This work is supported by the Erasmus+ 2021 Programme, Key Ac�on 2 – KA220-VET - Coopera�on 
partnerships in voca�onal educa�on and training (2021-1-CY01-KA220-VET-000025455)

A C K N O W L E D G E M E N T

WWW . SAN 2 0 2 2 . O RG
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 Bioinformatics

and Neuroinformatics

Second, this symposium aims at providing a forum for students and teaching staff of the MSc of 

Bioinforma�cs and Neuroinforma�cs of the Hellenic Open University to present their research work 

from their respec�ve educa�onal objects. Such a forum not only promotes the conduct of science in 

the framework of a new and novel MSc course but also improves the quality of post-graduate studies 

in a field relevant to Applied Neurosciences. It also aims to bring MSc students from various 

backgrounds closer to the concept of Applied Neurosciences through their par�cipa�on in the SAN 

conference.

This proposed symposium firstly aims at highligh�ng and discussing important and emerging research 

topics in the areas of Bioinforma�cs and Neuroinforma�cs, including topics in computa�onal biology, 

neural engineering, genomics and proteomics and neurophysiology.

WWW . SAN 2 0 2 2 . O RG

K E Y W O R D S

bioinforma�cs computa�onal biology neural engineering neuroimaging neuroinforma�cs 

neurophysiology  genomics   proteomics

Organisers:  Dr. Alkinoos Athanasiou, Dr. Aristeidis Vraha�s, Assoc. Prof. Phivos Mylonas

MSc Bioinforma�cs and Neuroinforma�cs, School of Science & Technology, Hellenic Open University, Patras Greece
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 Bioinformatics
and

Neuroinformatics

Hall 3

Saturday 17, September
Time: 16.30-18.00

Chairs: Alkinoos Athanasiou
            Aristeidis Vrahatis
            Phivos Mylonas 
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 Symposium chairs: Alkinoos Athanasiou, Aristeidis Vraha�s, Phivos Mylonas

P R O G R A M

Zafeiropoulou Ioanna Study of autism spectrum disorder phenotypes imprints
in electroencephalography

Ifigeneia Loukoumi Neuronal circuits of hearing and modelling of auditory
processing using functional connectivity

Gabriella Bourboulia
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Clinical applications

of brain mapping

A final discussion on lateraliza�on techniques will compare different available modali�es.

Brain mapping generally involves the study of func�on correlated with anatomy and incorporates 

different modali�es ranging from imaging, neurophysiology,  immunohistochemistry, molecular and 

ontogene�c studies, stem cell, cellular biology and engineering disciplines. Few of these modali�es 

reach the clinical se�ngs. 

The symposium will focus on modali�es used in daily clinical prac�ce for neurological disorders. 

Star�ng from basic concepts, applica�ons, limita�ons and different combina�ons the panel will 

present updated data for clinicians and researchers interested in neurological diseases. 

WWW . SAN 2 0 2 2 . O RG

Organisers/Chairs:

Prof. Nikolaos Foroglou, Prof. Vassilis Kimiskidis

School of Medicine, Aristotle University of Thessaloniki, Greece

PROGRAM

Vasilios K. Kimiskidis

Sylvain Baillet

Magnetoencephalography

Transcranial magne�c s�mula�on

Alexandra Touroutoglou

Func�onal magne�c resonance imaging Direct brain s�mula�on

Nikolaos Foroglou

Charis Styliadis

Electroencephalography

Panel discussion
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Time: . 0-1 .0016 3 8
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 Clinical Applications

of Neurophysiology
in the Management of

Neuromusculoskeletal Patients

However, the development of the science of neurophysiology in recent years seems to pose a new 

perspec�ve in the understanding, evalua�on, and treatment of neuromusculoskeletal disorders. 

Recent research evidence regarding the control of the motor system by the brain, provided important 

informa�on on how the brain integrates sensory-motor informa�on (visualves�bular system, 

somatosensory s�muli) and renders them as a kine�c result.

In addi�on, advances in neuroimaging helped in the iden�fica�on of neural areas related to chronic 

pain. Structural and func�onal changes in brain structures accompany chronic pain. It is believed that 

such changes may be reversible because of neuroplas�city. It is essen�al to develop therapeu�c 

approaches u�lizing neuroplas�city that could be used in the management of chronic pain.

In this symposium, there will be a review of recent research data related to postural and movement 

control changes of neuromusculoskeletal pa�ents as well as their associa�on to chronic pain. Clinical 

findings, coming from the objec�ve evalua�on of pa�ents, will be analyzed under a different 

percep�on, according to data that emerged from adjacent to physiotherapy research fields. New ideas 

also, will be introduced on the rehabilita�on of neuromusculoskeletal pa�ents, leading to new 

therapeu�c concepts.

Despite the large number of techniques used in the rehabilita�on of neuromusculoskeletal disorders, 

a lot of ques�ons remain unanswered.

WWW . SAN 2 0 2 2 . O RG

 ¹Christos Kefalas, ¹Maria Pitsikali,¹,²Konstan�nos Kasimis
¹Associa�on of Manual Physiotherapists of Greece

²Department of Physiotherapy, School of Health Sciences, Interna�onal Hellenic University
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Friday 6 1 , September
Time: . 0-1 .0009 0 1

Chairs: Christos Kefalas
            Maria Pitsikali
            Konstantinos Kasimis
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 Symposium chairs:  Savvas Mavromoustakos, Georgios Rogdakis

P R O G R A M

K E Y W O R D S

 human movement control, body schema, postural control, chronic pain, neuroplas�city
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DRUG CLINICAL TRIALS

AND COGNITIVE SAFETY
ASSESSMENT

Assessment of safety and tolerability (e.g., cardiovascular effects, changes in liver enzymes, 
neurological events, etc.) is a crucial component of early-phase clinical studies. Many central nervous 
system (CNS) and non-CNS compounds have the poten�al to affect cogni�ve ability. Any drug that is 
CNS penetrant (i.e., crosses the blood–brain barrier) can influence cogni�on through effects on 
neurotransmi�er systems. Cogni�ve safety is defined as the impact of clinical treatments on the ability 
to perceive, process, understand, and store informa�on, make decisions and produce appropriate 
responses.
Currently, the majority of CNS drug clinical trials rely on neuropsychological endpoints for establishing 
efficacy, safety, and tolerability. Neuropsychological tes�ng is the current standard for measuring the 
effect of drugs clinical trials on cogni�ve, motor, behavioral, linguis�c and execu�ve func�oning. 
Furthermore, regulatory authori�es' expecta�ons warrant the use of specific, targeted, and sensi�ve 
cogni�ve safety assessments. According to the FDA 'all drugs, including drugs intended for non-CNS 
indica�ons, should be evaluated for adverse effects on the CNS. The occurrence of adverse CNS events 
in even a small number of phase 1 subjects can indicate the need for more focused studies of CNS 
effects. Measures of reac�on �me, divided a�en�on, selec�ve a�en�on, and memory may be 
appropriate'.
Aim of this symposium is to present an overview of exis�ng assessment tools of cogni�on that can be 
integrated into drug trials in order to provide a cogni�ve footprint. We suggest that such tests should 
be administered as a standard throughout the key assessment stages of the design of the trial. 
Provision of such a cogni�ve footprint profile of drugs may provide the necessary evidence to enable 
decision-makers to make informed decisions on risk-benefit analysis. Clear understanding of the 
exis�ng regulatory guidance and effec�ve employment of validated neuropsychological instruments in 
conjunc�on with other biomarkers are paving the way for more concrete endpoints in the evalua�on 
of novel therapies that answer cri�cal unmet clinical needs.
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K E Y W O R D S

drug clinical trials       cogni�ve safety      neuropsychological assessment

WWW . SAN 2 0 2 2 . O RG

15-17
SEPTEMBER 2022

Society of Applied Neuroscience

SYMPOSIUM

DRUG CLINICAL
TRIALS AND

COGNITIVE SAFETY
ASSESSMENT

Hall 2

Saturday 17, September
Time: 09.00-11.00

Chairs: Georgios Papazisis
            Athanasia Liozidou
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LLM Care

Practitioners and Stakeholders of cognitive
and physical enhancement

The LLM Care Ecosystem has managed to assist knowledge transfer, advance European learning, and 
inform policy development for over a decade, scaling up from the local to regional, and one step 
further to the European level. The high experience and exper�se in na�onal and interna�onal 
collabora�ons, include more than 40 public and private en��es such as nursing homes, municipality 
day care centres, 350 cer�fied healthcare professionals and more than 4.000 stakeholders exploi�ng 
LLM Care in a regular basis.
LLM Care has been recognized as an innova�ve ecosystem and was thereby awarded a Transna�onal 
“Reference Point 2 *” within the European Innova�on Partnership for Ac�ve and Healthy Aging (EIP on 
AHA) due to its excellence in developing, adop�ng, and scaling up innova�ve prac�ces on ac�ve and 
healthy aging. It is also cer�fied with “ISO 13485: Design and development of medical device so�ware 
for cogni�ve and physical enhancement and wellbeing of vulnerable groups”.
The aim of this symposium is to present an overview of the extended LLM Care Network in Greece and 
Cyprus. Significant experiences and lessons learned will be also introduced on a panel discussion by 
LLM Care key partners addressing be�er understanding on promo�ng health and social care and 
improving older adults' quality of life.

The Integrated Health and Social Care Ecosystem Long Las�ng Memories Care – LLM Care 
(www.llmcare.gr), is an ICT pla�orm that combines cogni�ve training exercises (BrainHQ) with physical 
ac�vity (webFitForAll) providing evidence-based interven�ons to improve both cogni�ve func�ons and 
overall physical condi�on and, therefore, quality of life. 
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The aim of this symposium is to present an overview of knowledge in improving health and quality of life of 
older people, suppor�ng the long-term sustainability and efficiency of health and social care systems, and 
fostering innova�on and digital transforma�on in the field of ac�ve and healthy ageing. Generated knowledge, 
methodologies, pla�orms, digital solu�ons, and services will be presented under the scope of promo�ng ac�ve 
and healthy ageing of older people. Essen�al experiences and lessons learned will be also introduced on a 
panel discussion addressing be�er understanding in terms of the sustainability of European projects digital 
pla�orms and their compe��veness in inspiring European regions to deliver be�er policies regarding this 
societal challenge. 

SHAPES aims to create the first European open Ecosystem enabling the large-scale deployment of a broad range of 
digital solu�ons for suppor�ng and extending healthy and independent living for older individuals who are facing 
permanently or temporarily reduced func�onality and capabili�es. SHAPES Large-scale Pilo�ng campaign engages 
+2k older individuals in 15 pilot sites in 10 EU Member States, including 6 EIP on AHA Reference Sites, and involves 
hundreds of key stakeholders to bring forth solu�ons to improve the health, wellbeing, independence, and 
autonomy of older individuals, while enhancing the long-term sustainability of health and care systems in Europe. 
Being an integral part of the Health and Care Cluster Projects, a cluster among the main Horizon2020-financed 
research projects established by the European Commission, SHAPES working groups leads the Working Group on 
dissemina�on. 

The European popula�on is ageing fast. The ageing popula�on will translate into different demands for health-

related products and services and requiring an overall reorganiza�on of leisure. The promo�on of healthy ageing is 

thus a growing policy priority. 

WWW . SAN 2 0 2 2 . O RG
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9.00 – 10.00        Ac�ve and Healthy Ageing

          SHAPES project: α pan-European ecosystem for Smart and Healthy Ageing 

          Cogni�ve decline in ageing popula�ons and new technologies 

          BRAINCODE for reducing late diagnosis of neurocogni�ve disorders in older people: pilot-study 

10.00 – 11.00        Panel Discussion: 
          Sustainability of digital pla�orms; challenges and lessons learned

10.50 – 11.00        Liaison with other projects

P R O G R A M

A K N O W L E D G E M E N T

This work was supported by the SHAPES Project (Smart and Healthy Ageing through People 

Engaging in Suppor�ve Systems) Horizon 2020 project (No. 857159).
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In the first talk, Shulan Hsieh (Na�onal Cheng Kung University Tainan, Taiwan) will present the efficacy 

of a 12-session Fmθ training for improving a�en�on and working memory performance in healthy 

older people. Her research thus replicates the findings of Wang and Hsieh (2013) and provides more 

solid evidence for the effec�veness of this protocol. In the second presenta�on, Kathrin Eschmann 

(Cardiff University Brain Research, UK) will talk about a 7-session Fmθ training with healthy students. 

This study inves�gated whether the protocol improves proac�ve rather than reac�ve processes of 

cogni�ve control, as previous research had suggested. In contrast to the sham group, Fmθ increased 

during NF in the experimental group, with transferred to performance on the proac�ve task rather 

than the reac�ve task evident a�er almost two weeks and correlated with Fmθ increase during NF.

In the third talk, Stefanie Enriquez-Geppert (University of Groningen, the Netherlands) presents the 

collabora�on with Prof. Frédéric Dehais (ISAE-SUPAERO, Toulous) on a study inves�ga�ng a 8-session 

Fmθ training to improve execu�ve func�ons (EF) and flight performance in pilots. A hybrid test of EF 

and the mul�-a�ribute task ba�ery were studied before and a�er NF. Furthermore, flight 

performance under increased cogni�ve demand (opera�onalized by an addi�onal task) was assessed 

(only) a�er training in a flight simulator. Preliminary result indicate improved cogni�ve performance in 

sub-areas of both test ba�eries in the experimental group, which also shows improved naviga�on 

performance of flight performance in the simulator and higher accuracy in the addi�onal task 

compared to the sham group.
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1. Prof. Dr. Shulan Hsieh: Fm theta neurofeedback in elderly

2. Dr. Kathrin Eschmann: Fm theta neurofeedback in healthy controls
3. Dr. Stefanie Enriquez-Geppert: Fm theta neurofeedback in pilots

4. Diede Smit: Fm theta neurofeedback in a subclinical group
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O B J E C T I V E

This symposium provides an overview of the current status of Fmθ upregula�on NF as peak 

performance training and as possible clinical interven�on.

Finally, Diede Smit (University of Groningen, The Netherlands) will discuss a study with 8-session Fmθ 

training in a subclinical group with subjec�ve EF complaints in daily life with or without a mental illness.

sham group, which translated to the performance on some of the EF tasks. The results extend the 

findings of Enriquez-Geppert et al. (2014), of improvements in EF not only in healthy young individuals, 

but also in a subclinical group with a wide age range. The symposium will conclude by assessing the 

transfer phase of the Fmθ NF protocol from the laboratory to applica�on by discussing a mega-analysis, 

combining data from different studies.

The results showed higher Fmθ changes during the course of NF in the experimental compared to the
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The impact of stress in knowledge transfer and entropy 
 

Ioannis Konstantinidis1, Spyros Avdimiotis1 

 

1. International Hellenic University Thessaloniki, Greece 

 

Over the centuries knowledge has not merely been the subject of philosophical discussion seeking to 

address the pursuit of righteous life, but also- since the rapid growth of technology- knowledge has been 

the cornerstone of global competitiveness and economic growth. On this ground, the role of universities 

as sources of knowledge transfer has been highlighted and acknowledged, thereupon the overall scientific 

concern was to acknowledge the factors influencing knowledge transfer and knowledge entropy and 

especially the factor of (productive and nonproductive) stress. 

To address the issue, an experiment is being held in a sample of thirty postgraduate students at the 

International Hellenic University at the course of “Organization Behavior, Leadership and Management”. 

Regarding research ethics all requirements ruled by the University were met and all subjects fulfilled and 

signed a consent declaration. The protocol used was based on a modified version of the Trier Stress Test 

method, held into two distinct phases. The first one was administered during mid- semester observing and 

recording basic measurements in calm stage, while the second and final stage took place during the exams 

period. In this second phase, students had to complete the STAI-Y1 questionnaire (State Trait Anxiety 

Inventory), then students undergone twenty minutes written and fifteen minutes oral examination, with a 

five minute break between. After the oral examination, students had to complete the STAI-Y2 

questionnaire and the process ended with a five minutes of relaxation. The measurements taken concerned 

the following parameters: skin conductivity (EDA), heart rate (HR), stress, excitement, interest, 

engagement, focus, relaxation. The devices used were Emotiv Epoc + and Empatica E4 wearable. 

Regarding the data extracted, those were analyzed using a mathematical model which was developed for 

the needs of the experiment and being more specific the equation produced compared the initial amount 

of data uploaded from the tutor with factors which according to the literature reinforce/ sustain knowledge 

transfer/ knowledge entropy. 

In further stages, the entropy will also be measured and compared with the concept of “Ba” developed by 

Nonaka and Konno. 
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In vivo imaging of the rat brain utilizing motion- controlled 

ultrasonic tomography 
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Utrasonic tomography constitutes a widely used analytical non-invasive imaging tool, providing high-

resolution images and quantitative information of scanned tissues and structures. Thus, it could serve as 

an excellent technique for the high-resolution imaging of the brain, with supreme diagnostic and socio-

economic value. In the present study, we aimed to use, validate and optimize the low-cost ultrasonic 

tomography technique enhanced with accurate motion control for the high-resolution imaging of the brain. 

Phantom imaging experiments were followed by in vivo imaging of the brain, in both perforated and intact 

skull. Deeply anesthetized rats or perfused rat brains (embedded in agarose 2%) were placed in a 

stereotactic device and serial tomographic brain scans were obtained as the ultrasound probe was 

automatically moved along the rostro-caudal axis, from the olfactory bulbs to the cerebellum, with a step 

of 50μm. The tomographic acquisition is achieved utilizing an ultrasonic probe that consists of 128 

independently pulsed piezoelectric elements in a linear order. By varying the pulse delay a pattern of 

constructive interference is set up and this results in radiating a quasi-plane ultrasonic beam at a set angle 

and focusing depending on the progressive time-delay. Consequently, the efficient adjustment of the latter 

is able to perform a dynamic sweep through the entire structure as well as focusing on different regions. 

An additional methodology for high-resolution tomographic imaging is the so-called Total-Focusing 

Method (TFM), where each piezoelectric element is activated one by one, while the entire probe is 

receiving ultrasonic signals. Then, the tomographic image is reconstructed through the summation of the 

combined distance path between the elements, thus the information is maximized leading to focusing at 

every point, in a region of interest. In acquired tomographic images, the natural surroundings of the brain, 

namely the skull, meninges (mainly dura mater) and subarachnoid space (containing the cerebro-spinal 

fluid), were clearly depicted and allowed for the high-resolution imaging of the subjacent brain. Certain 

intra-brain regions and structures (cerebral cortex, corpus callosum, lateral ventricles, and hippocampus), 

known to display different mechanical and constitutional properties, were imaged with high spatial 

resolution. Concluding, obtained high-resolution images demonstrate the potential of motion- controlled 

ultrasonic tomography for the study of the healthy and diseased brain. 

 

Keywords: brain mapping, brain ultrasonic imaging, phased array, total focusing method, ultrasonic 

tomography 
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Background: Cognitive training (CT) may help to overcome cognitive impairments in people with 

psychiatric and neurological disorders (e.g., Mewborn et al., 2017; Vita et al., 2021). An innovative 

treatment strategy is combining CT with non-invasive brain stimulation (NIBS) to increase the learning 

effect of CT by targeting neural plasticity (Guleyupoglu et al., 2013). 

Objectives: To assess how effective this treatment combination is (1) in improving cognition and (2) in 

improving associated everyday functioning compared to CT on its own. 

Methods: We systematically searched databases (Pubmed, MEDLINE, PsycInfo, Web of Science), 

registries, and reference lists. We integrated 725 effect sizes from 62 studies in healthy and clinical 

populations (e.g., mild cognitive impairment, schizophrenia, multiple sclerosis) that investigated the 

effects of CT+active NIBS (any type of transcranial electrical or magnetic stimulation) compared to CT 

alone or CT+sham NIBS on cognitive functioning, everyday functioning, or clinical symptoms at post- 

intervention or follow-up. 

Results: Using random-effects meta-analyses with robust variance estimation, we found that working 

memory (g = 0.14, 95% CI [0.05, 0.22], p = 0.003), learning/memory (g = 0.14, 95% CI [0.02, 0.26], p 

=.028), and global cognition (g = 0.24, 95% CI [0.12, 0.37], p = .002) might benefit from the addition of 

NIBS to CT. For clinical and functional outcomes, we did not find benefits of adding NIBS to CT (clinical: 

g = -0.02, 95% CI [-0.15, 0.11], p = .761; functional g = -0.17, 95% CI [-0.33, 0.01], p = .073). 

The effects for cognitive functioning remained significant after excluding 22 studies at high risk of bias 

from selective outcome reporting, missing data, sequence generation, or allocation concealment. 

Conclusions: In this meta-analysis, we found statistically significant, small effects of CT combined with 

NIBS on multiple cognitive outcome measures (global cognition, working memory, and learning/memory) 

compared to CT only. For clinical and functional outcomes, the effects of combining CT with NIBS were 

not statistically distinguishable from null. This study highlights that improved performance on cognitive 

tests following the addition of NIBS to CT does not necessarily translate to everyday functioning. In most 

studies, CT missed elements that promote the transfer of cognitive improvement to everyday functioning 

(e.g., problem-solving strategies; Bowie et al., 2020) and did not assess functional outcomes. Future 

studies focusing on the treatment combination should (1) add functional outcome measures, (2) design CT 

with a focus on improving everyday functioning, and (3) assess long-term effects. 

 

Keywords: transcranial Direct Current Stimulation, meta-analysis, systematic review, everyday 

functioning, cognitive remediation 
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Validating “Qool City” e-Training Tool for People with Intellectual 
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Background 

Serious Games (SG) are currently applied as an intervention and learning method to People with 

Intellectual Disabilities (PwID) to enhance their competences (Tsikinas et al., 2016), improving their 

adaptive and cognitive skills (Derks et al., 2022). However, it is crucial to consider their abilities and 

needs while designing and evaluating SG. Plenty of methods have been used for validation purposes, with 

the assessment questionnaires and straightforward procedures being among the most common methods 

(Calderón & Ruiz, 2015). 

Objectives 

ID-GAMING is an Erasmus+ Programme, having as Intellectual Outputs (IOs) the development of a 

Quality of Life Training Game (“QooL City”), a Training Toolkit and an e-Training Tool. In this context, 

4 validation sessions (VS) were conducted to strengthen the competences of the target population and 

assess the quality of the IOs by analyzing the collected data. 

Methods 

Four VS are planned to be conducted by all the partners involved, targeting PwID, their caregivers and 

related professionals. In Greece, the 4 VS were conducted with the participation of 7 PwID, 2 educators 

and 3 facilitators. The mean duration of each VS was about an hour. During each VS, the participants 

interacted with: 1) Training Materials in Easy to Read Text, 2) board game “QooL City”, 3) online version 

of the game, 4) 5 ICT-SG, respectively. Following each session, the participants completed quantitative 

and qualitative questionnaires, formed by the consortium partners, to evaluate their experience, their 

satisfaction and the usability and adequacy of the IOs. 

Results 

The majority of PwID showed an improvement in language, memory and attention while interacting with 

the Training Materials. About 86% of PwID increased their motivation, participation and cognitive 

functions while playing the board and the online version of “Qool City”. Although they considered both 

versions of the game useful and accessible, they preferred the board game. Practicing different cognitive 

functions by playing the selected ICT- SG, it was observed that 67% of PwID strengthened their memory 

skills, 71% their spatial orientation and attention to detail and the 50% their calculation skills and their 

emotional well-being. To conclude, a gradual enhancement of the participants’ digital skills was appeared, 

after playing the digital game “Qool City” and the ICT-SG. 

Conclusions 

All the participants were motivated and remained engaged till the end of each session. In line with previous 

studies, most participants showed an improvement in their cognitive functions, and therefore in several 

dimensions of their quality of life. 

 

Keywords: Intellectual disability, serious games, validation sessions,cognitive functions, quality of life. 
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Background: Tinnitus is a symptom related to neural activity in the auditory pathways, while concurrent 

activations of cortical, limbic and other systems in the brain along with the autonomic nervous system, 

are linked to complications which include anxiety, annoyance, strong emotional reactions [1], [2]. 

Treatment interventions are therefore strongly guided by the tinnitus characteristics, following a person-

centric approach. However, even though therapeutic interventions for tinnitus have largely increased over 

the past years, none of them has been proven to be able to control it, even in specific patients’ subgroups 

[3]. 

Objectives: In order to develop a holistic methodology and an evidence-based approach to clinical 

decision making, as far as tinnitus optimal treatments are concerned, a systematic review in online 

scientific databases was conducted. 

Methods: Five online databases were investigated (PubMed, Scopus, IEEEXplore, ScienceDirect and 

ACM Digital Library), with a total of 136 papers found using the keywords “tinnitus” and “decision 

support”. PRISMA guidelines [4] were followed, where duplicates, articles not in English, as well as non-

available articles were removed. Inclusion criteria were based on the applicability framework of tinnitus-

related treatments in the decision-making process. 

Results: Out of the 136 papers’ corpus, 29 papers were found eligible for full-text analysis. Interpretation 

and synthesis of quantitative and qualitative data as far as tinnitus treatments are concerned was a common 

pattern among the selected papers. However, the process of integrating shared decision-making into 

clinical treatment practice was found to be a complex and demanding skill. A systemic approach is 

therefore considered most appropriate to recognize and respond to patients’ value and reference system, 

along with an updated treatment plan based on single or combinational therapies. 

Conclusions: The results from the review showed that the development of a personalized clinical Decision 

Support System (DSS) would enhance the integration of decision-making processes and treatment 

practices. The EU project UNITI aims to the development of such a DSS taking into consideration the 

wider profile of individual end-users, i.e. their medical profile, their preferences’ profile, as well as their 

medical history along with the analysis of the effects arising from the adoption of treatments from 

individuals with similar profiles [5]. The latter will enable the developed DSS to reason and identify 

treatments with poor results and adapt the relevant decision-making process accordingly to an individual’s 

profile. 

 

Keywords: tinnitus, decision support system, combinational therapies, treatment interventions, 

personalization 
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      Down Syndrome (DS) is characterized by gene overexpression and long-term dysfunction of synaptic 

plasticity (Baroncelli et al. 2011). These neurobiological discrepancies are further reflected in the atypical, 

simplified, and inefficient DS brain organization (Anderson et al. 2013), responsible for the manifestation 

of a psychosomatic phenotype (Patterson, Rapsey, and Glue 2013), unique to DS. Understanding the 

neuroplastic potential of people with DS (PwDS) can reveal the causal relationship between abnormal 

brain organization and phenotypic characteristics. Non- pharmaceutical training protocols designed to 

trigger neuroplasticity have previously shown promise towards the aforementioned direction (Hardee and 

Fetters 2017; McGlinchey et al. 2019), but their evaluations used conventional methods, rather than 

neurophysiological markers and network science indices, which are effective biomarkers in monitoring 

the efficacy of therapeutic interventions. We utilized a combination of physical and cognitive training 

while using electroencephalography (EEG) along with connectivity and graph-theory analysis to track 

neuroplastic changes in the DS cortical network. We aimed to evaluate the training’s effect on PwDS, 

measure their capacity for improvement via psycho-somatometric assessments, and explore whether our 

training scheme can induce neuroplasticity in the DS brain. 12 PwDS (6 females, mean age 29±11) 

completed the 10-week combinational training after their legal guardians consented to their participation. 

Prior to and after the intervention, they underwent psycho-somatometric assessments and eyes-open 

resting-state EEG measurements using a Nihon-Kohden, 128- channel EEG system. Functional 

connectivity analysis was performed using the phase transfer entropy (PTE) metric in the 0.5-35 Hz 

frequency band, followed by the implementation of the graph-theoretical approach and statistical analysis 

to ascertain the significant differences between the networks of the two time-points. After the short-term 

training, psychosomatic evaluations indicate increased physical and cognitive capacity. PwDS exhibit 

reorganization of functional connectivity, i.e., strengthened connections within and between the two 

hemispheres and within and between the core resting-state networks (Yeo et al. 2011). The differences 

(post-pre) in graph measures reflect an increase in global efficiency and clustering coefficient and a 

decrease in characteristic path length. These changes point to a shift towards a less-random DS network 

with increased hierarchical architecture (Anderson et al. 2013) and thus to an adaptational neuroplasticity 

effect, with the DS brain adjusting to the training’s increased cognitive demands. Our findings indicate a 

healthier brain organization accompanied by an increased ability to integrate and segregate information 

with improved efficiency, robustness, and flexibility (Edgin et al. 2015) and a possible deceleration of 

neurodegenerative processes in the DS brain. 
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Nowadays, nurses are facing unprecedented amounts of pressure due to the ongoing global health 

challenges. Job-related demands can cause high physical and psychological stress which can lead, in turn, 

to serious health consequences [1, 2]. On physiological level, stress triggers an initial activation of the 

sympathetic nervous and adrenomedullary systems resulting in increases in cardiac activity. Furthermore, 

activation of the hypothalamus-pituitary-adrenal axis provokes endocrine and immune changes leading to 

the release of cortisol and cytokines in an effort to re-establish body balance [3]. Based on the current state 

of the literature it has been identified that resilience among nurses can effectively decrease stress. 

However, it is still unknown what relaxation techniques would be suitable for decreasing 

psychophysiological arousal deriving from a physical stressor. Therefore, the main aim of the present 

study was to develop a comprehensive paradigm and assess different relaxation techniques under highly 

controlled laboratory conditions. For this purpose, an experimental between-subjects design was 

employed, where 23 participants were randomized either to an active or a passive relaxation condition. 

Before the relaxation session, participants were subjected to a cold pressor test, in which they had to 

immerse their non-dominant hand into ice water (1 °C) for 3 min. After stress exposure they performed 

an active relaxation exercise or watched a neutral video. The active relaxation exercise included a guided 

imagery originating from cognitive therapy and respiratory biofeedback. The video contained neutral 

stimuli based on Emotional Picture Set (EmoPicS)[4]. Electrocardiography, salivary cortisol and cytokine 

measurements were collected at different time points. Moreover, the participants assessed their subjective 

stress level through the Visual Analogue Scale (VAS). The results showed that the baseline measures were 

similar between the active and passive relaxation groups with no significant differences. The relaxation 

groups reported lower subjective stress levels after relaxation as compared to the stress session. In 

addition, both groups exhibited significantly lower heart activity during the relaxation than stress 

condition. Cytokine levels were modulated by relaxation, with some differences between the relaxation 

groups. This evidence suggests that either an active or a passive relaxation method can decrease the impact 

of physical stress. However, it is of utmost importance to assess how the human body reacts under different 

stressors and relaxation exercises so that evidence-based interventions could be transferred in clinical 

settings and therapeutic practice to improve general health. In this sense, the research group plans to 

examine via a similar experimental design how individuals would respond to these techniques after 

exposure to a strong psychological stressor. 
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Background Chronic nicotine use has been associated with functional and structural impairment in the 

central nervous system (CNS) [1]. Resting-state networks (RSNs) including Default-Mode Network 

(DMN) and others implicated in cognition and executive functions were shown to be affected by addiction 

[2]. Furthermore, a disorganization of network topology, correlated with chronicity and severity of 

smoking dependence was demonstrated, reflected by a decrease of efficiency-related topological 

properties of DMN and whole-brain networks [3]. Neurofeedback is thought to modify brain plasticity 

naturally, as discussed by Ros et al. [4]. Although BF and NF studies have shown considerable positive 

changes in the function of the Autonomic Nervous System and CNS [5]–[7], it remains important to 

distinguish changes attributed to successful training from non-specific factors such as experience or 

motivation [8], [9]. 

Objectives We aimed to a) investigate training-induced learning after completing a multi-visit 

biofeedback and neurofeedback training and b) explore the possible neuroplastic changes in resting-state 

functional connectivity networks (rsFCN). 

Methods Seventeen (17) smokers underwent five sessions of skin temperature biofeedback training and 

twenty sessions of alpha-theta neurofeedback training participating in the SmokeFreeBrain 

Neurofeedback study. High density electroencephalographic recordings were performed before the 

biofeedback training, after completing five sessions of biofeedback sessions and prior to neurofeedback 

training as well as after twenty sessions of neurofeedback training. Sessions’ data were analyzed to 

evaluate the training-induced learning following Gruzelier’s recommendations [10]. Possible neuroplastic 

effects were investigated comparing whole-brain rsFCN by phase-lag index (PLI) in theta, alpha and beta 

rhythms. PLI connections with significant change across time were investigated according to different 

resting-state networks (RSNs). 

Results and Conclusions BF learning in temperature enhancement training was achieved within sessions. 

Feedback learning was observed in theta/alpha ratio in NF training within sessions, while carry-over 

learning was found across session baselines. Modifications in PLI network connections were found across 

time mainly between or within visual, default mode and frontoparietal networks in theta and alpha 

rhythms. Changes in beta band RSNs were observed mainly after BF sessions. Topological properties 

were preserved across time in all brain bands. 
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Αutism spectrum disorder (ASD) is characterized by impairments in social cognition. Individuals with 

ASD have difficulties in processing emotional face information. Magnetoencephalography (MEG) studies 

have reported atypical cerebral1 and cerebellar (vermal and hemispheric)2 activation in adolescents with 

ASD in response to angry and happy faces. Atypical communication within and between cerebral regions 

has also been reported in ASD3. However, our understanding of the cerebro-cerebellar information flow 

underlying emotional face processing in ASD remains limited. The current MEG study investigated the 

directionality of cerebro- cerebellar connectivity during the perception of happy and angry faces in 19 

adolescents with ASD and 23 typically developing (TD) controls. Participants indicated the location of a 

scrambled pattern that was presented alongside a happy or angry face. Directionality was inferred from 

timeseries of dynamic statistical parametric mapping4 reconstructed estimates of neuronal activation for 

a 0-500 ms time window between the 120 regions (94 cerebral and 26 cerebellar) in the automated 

anatomical labeling 2 (AAL2) atlas, using directed Phase Transfer Entropy (dPTE)5. Average dPTE 

values were permuted across the AAL2 nodes. This was repeated 5,000 times to build a distribution of 

surrogate values against which the observed network was tested. We estimated the main effects of group 

and emotion and the group by emotion interaction via a 2 (happy/angry) × 2 (ASD/TD) ANOVA (p<0.05). 

Between-group differences were further evaluated with graph measures. Significant patterns of 

information flow were observed only in the beta band. The interaction network involved widespread 

connections primarily between frontal and subcortical regions, and distinct vermal and hemispheric 

cerebellar lobules. Post hoc analysis revealed that adolescents with ASD had increased connectivity when 

processing angry faces in comparison to controls. The strongest connections were directed from the frontal 

regions and the amygdala to the cerebellum. By contrast, controls had increased connectivity when happy 

faces were processed. Group comparison revealed increased cerebro-cerebellar connectivity directed from 

the cerebrum to the cerebellum for adolescents with ASD, while the directionality for controls was the 

opposite. Regarding the emotion effect, angry faces induced increased connectivity from the cerebrum to 

the cerebellum, while the opposite direction was observed for happy faces. Graph measures indicated a 

more integrated network for controls, in comparison to adolescents with ASD, for the processing of both 

angry and happy faces. Our approach revealed frequency-specific altered cerebro-cerebellar patterns of 

information flow in the brain of adolescents with ASD during implicit emotional face processing. 
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Purpose 

Aim of this analysis is to explore the associations of the a) quality of sleep and b) anxiety levels of 

healthcare workers(HCW) with sociodemographic- and profession- related factors such as gender, age, 

COVID-19 clinic work, type of specialty, education and free time. High anxiety and impaired sleep quality 

of medical staff constitute a challenge for the medical community that needs to be clarified. At the same 

time, the impact of the COVID19 pandemic on this part of HCW life quality on remains unclear. 

Material & Methods 

A cross-sectional survey was conducted online through web-link invitations in March 2022. All responses 

were recorded anonymously. Demographics and characteristics related to the occupation of the 

participants were collected and then the following psychometric tools were administered (i) sleep quality 

assessment, Pittsburgh Sleep Quality Index (PSQI) and (ii) stress assessment as a trait of the person's 

character or state of the time period the person is experiencing, State-Trait Trait Anxiety Inventory (STAI). 

Results 

A total of 104 healthcare workers(HCW) completed the survey with median age of 26 (IQR=25-32) years; 

42% were male; 20% worked in COVID19-clinics for at least 2 months. This analysis showed a 77% 

prevalence of poor sleep quality (PSQI>5), with median PSQI score of 6.0, while the prevalence of anxiety 

as a state had a prevalence of 58% among healthcare workers. Anxiety as a trait was found to be also high, 

rating 93%. STAI-II and PSQI were linearly positively correlated, showing the interaction of mental health 

and sleep quality. STAI-I was negatively correlated with BMI score indicating higher anxiety in HCW of 

lower BMI. Also, younger HCW were more prone to higher anxiety levels than older HCW, with age 

having significant difference between high anxiety and low anxiety groups. 

Conclusions 

This study demonstrates the positive correlation of sleep quality with indicators of mental health (anxiety). 

Therefore, early detection of sleep and mental health disorders is important for maintaining work 

performance in areas such as health. 
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Approximately 70% of people with multiple sclerosis (MS) have mild to severe cognitive impairment, 

including problems with working memory and processing speed. Alterations in theta EEG rythms have 

been associated with slower processing speed in MS. It has been found that transcranial alternating current 

stimulation (tACS) affects cognitive performance and processing speed in control volunteers, however, its 

efficacy in people in MS has not been investigated yet. The key regions for working memory and 

information processing are fronto- parietal regions. 

We hypothesized that using fronto-parietal theta tACS enhances theta power and improve cognitive 

functioning in MS patients. 

Nineteen people with MS received three daily tACS sessions, and 15 control participants a single tACS 

session (1 mA peak-to-peak amplitude, 6 Hz, 0° phase difference, over F3 and P3). At baseline, all 

participants underwent cognitive testing to measure processing speed (Vienna Reaction Time Task) and 

executive functioning (Symbol Digit Modalities Test (SDMT), Trail Making Test, Stroop task), a resting 

state EEG recording (eyes open), and an MRI. At follow-up, people with MS underwent cognitive testing 

and an EEG recording, and control participants an EEG recording only. EEG synchronization was 

estimated with the Weighted Phase Lag Index (WPLI). 

We found no significant changes of the average WPLI and cognitive performance in participants receiving 

real vs sham stimulation for either group. The response to stimulation was heterogeneous. Improvement 

on the SDMT following 6 Hz tACS correlated with lower mean diffusivity in the left cingulum (MD: rs = 

-0.69, p = 0.007) and trend correlated with higher fractional anisotropy (FA: rs = 0.52, p = 0.059). MD of 

the left superior longitudinal fasciculus also correlated with the change in fronto-parietal synchronization in 

both groups (people with MS and control participants) but in opposite directions (F = 6.21, p = 0.022), 

with positive correlation in MS . In people with MS, stronger simulated electric field in the grey matter 

was correlated with larger improvement in processing speed and inhibition following 6 Hz tACS. 

Our preliminary findings suggest that the effect of tACS in people with MS depends on the integrity of 

underlying white matter and the electric field strength produced by this stimulation. Because this was a 

proof of concept study with few participants and stimulation sessions, a properly powered study should 

further investigate the effects of tACS in people in MS. 
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Background: The ability of noun naming is crucial in language production and involves various stages, 

ranging from conceptual perception to articulation. Picture naming has been widely employed in language 

neuroscience and psychology to investigate the access and the retrieval of nouns in both healthy and 

patient population cohorts. Previous studies have extensively studied how word-related properties such as 

lexical frequency, age of acquisition, word length, number of syllables/letters and imageability affect both 

response latencies and accuracy in naming. Very few have also investigated   how individual 

characteristics (e.g., age, gender or print exposure) can affect the efficiency of naming. However, there is 

currently no study that has examined the interaction between participants’ individual characteristics and 

word-related properties in noun naming. 

Objectives & Methods: The aim of the present study is to identify the individual characteristics that are 

associated with efficient noun naming ability, and whether they may capture the elevated inter-individual 

variability which is only partially explained by the word properties. The present study employs an 

innovative linear mixed effect model to investigate the effect of print exposure of 35 young participants 

on their naming accuracy and speed of lexical access (response times) on 232 noun stimuli. It focuses on 

the individual differences in print exposure, age and sex of the participants and on the attributes of the 

words themselves. 

Results & Conclusions: The study results validate previous findings since we observed faster and more 

accurate naming performances for the stimuli with higher frequency and imageability and for those 

acquired earlier in life. We also extend current research findings by showing that individual performance 

on print exposure modulated by the gender parameter boosts naming ability. The mixed effects model was 

able to capture individual variability in picture naming skills. The findings support a domain-general 

integrative view of speech production and word processing in young healthy populations. 

 

Keywords: Linear Mixed Effects Modeling, Naming Accuracy, Neurolinguistics, Noun naming, 

Response Latency 
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Accumulating evidence supports the Eye Blink Rates (EBR) as a proxy of central dopamine activity 

(D2 specifically) in the striatum (Chen, lang, Chen & Nnguyen, 1996; Colzato, Slagter, van den 

Wildenberg & Hommel, 2009a; Cooles & D’Esposito, 2011; Howes, McCutcheon & Stone, 2015; for a 

review see Jongkees & Colzato, 2016; ladas, Vivas, Frantzidis & VBamidis, 2011). In clinical populations, 

people with schizophrenia show increased EBRs, consistent with the striatal hyperdopaminergic state of 

such patients (Owens, Harrison-Read & Johnstone, 1994). Psychotic individuals with no schizophrenia 

diagnosis also show elevated EBRs (Colzato, Slagter, van den Wildenberg & Hommel, 2009a). However, 

to our knowledge, the EBR method has not been used to measure psychosis-proneness in the general 

population, although the prevalence of psychosis seems to increase over the years. Psychotic traits are 

primarily measured via self-administered questionnaires, especially in settings that do not offer detailed 

psychiatric assessment opportunities. Developing more objective indices of risk to psychosis, which are 

easy to use, remains a prominent need (Colzato, Slagter, van den Wildenberg & Hommel, 2009a) in order 

to (a) select psychosis-prone individuals for further testing and thus early diagnosis and (b) provide a 

deeper understanding of the multidimensional construct of psychosis-proneness. For these reasons, we 

employed the EBR to measure striatal dopamine activity and the O-LIFE questionnaire to assess 

psychosis-proneness in a sample of 49 young Greek healthy adults with no psychiatric diagnosis. Results 

demonstrated positive relations between mean EBRs and psychosis- proneness, with the total O-LIFE 

score among the scores derived from that scale, representing the construct of psychosis-proneness 

spherically, as the strongest predictor of mean EBRs. The second strongest predictor was the subscale 

score representing attention and concentration, thus further validating the EBR method as a proxy of 

dopamine activity. Thus, we suggest that the EBR method can be used as a biological marker of psychosis-

proneness so that, in addition to self-administered measures, to detect individuals prone to psychosis more 

accurately, especially in settings that a psychiatric evaluation cannot take place. 
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Background Wearable and soft robotics using body-machine and brain-machine interfaces for their 

control have been increasingly popular in neurological condition rehabilitation research [1], while 

immersive serious gaming applications have demonstrated added value in the ability to induce motivation 

and adherence to rehabilitation regimens [2]. In order for such applications to achieve ethical and end-user 

acceptance for everyday tasks, the use of non-invasive, unobtrusive, safe and relatively low-cost systems 

is required [3]. 

Objectives During the development phase of the wearable robotics jacket to be used in the NeuroSuitUp 

[4] and HEROES [5] projects, we aimed to assess user experience and perception of the utilization of the 

platform by healthy individuals as system testers. 

Methods Ten subjects (8 male, 2 female) with a mean age of 31.90±5.80 years participated in the test 

trials of platform consisting of the wearable robotics jacket and the serious gaming application. They 

performed basic tasks (raising arms consecutively) attempting to match the arm position of the game avatar 

for 3 min. User experience was assessed by the Subjective Mental Effort Questionnaire (SMEQ) [6] and 

the Locally Experience Discomfort (LED) [7] scales. User motivation was assessed by Participation 

Motivation Questionnaire (PMQ) [8]. Perception of the robotics-game platform was assessed using the 

Greek version of the Godspeed Robotics Questionnaire (Godspeed-g-1.2) [9]. Correlations were explored 

between questionnaires using Spearman's correlation coefficient. Participants also provided qualitative 

data in an open format. 

Results and Conclusions Median motivation was reported with a PMQ score of 57.5/90 while the 

participants answered that the use was not very hard to do (median SMEQ 10/150). Very little local 

discomfort was elicited (no area with a median >1), mostly in the back and the arms. Anthropomorphism 

was rated 14.5/25, Animosity 21.5/30, Likeability 19/25, Perceived Intelligence 17/25, Perceived Safety 

14.5/20 with a median total Godspeed score of 78.5/125. No correlations were shown between 

questionnaires. In summary, the current test version of the platform was assessed as easy to use, causing 

little to no discomfort and generally viewed as a safe and positive experience by the participants, regardless 

of their motivation. The next test version of the platform, under development, is going to implement 

electrical muscle stimulation (EMS) at the wearable robotics and longer task durations in the game and 

will be assessed by the same group in order to incrementally compare discomfort and perceived 

psychometric characteristics of the system. 

 

Keywords: anthropomorphism, discomfort, motivation, perceived effort, robotics questionnaire 
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Background 

Brain fingerprinting is an approach that is expanding the neuroscientific perspective on inter- individual 

diversity across the population. This methodology quantifies the biometric differentiation of individuals 

from neuroimaging phenotypes1–4. These phenotypes include derivatives of functional magnetic 

resonance (fMRI) or electrophysiological data, such as functional connectomes, or spectral measures of 

neurophysiological signals1–3,5. Recent work has demonstrated that individuals can be differentiated 

from fast brain dynamics captured by neurophysiology with recordings as short as 30 seconds1. 

Objectives 

To date, few studies have explored the potential of neural fingerprints for predicting clinical features in 

neurological disorders. Here, we propose a brain fingerprinting approach to advance the 

neurophysiological characterization of Parkinson's disease (PD). 

Methods 

We derive frequency-specific and arrhythmic spectral features of resting-state magnetoencephalography 

activity in a group of 75 healthy controls and in another group of 79 patients with PD. We examine how 

individuals can be differentiated from one another within and between these groups. Individual 

differentiation follows from previous work1, where the neural fingerprinting procedure is based on the 

correlational differentiability of participants between data segments. We define differentiability, a metric 

which determines how easily a participant can be differentiated from other individuals in the cohort, as a 

z-score of the Pearson correlation of a given participant’s relation to themselves (data segment 1 to data 

segment 2), relative to the mean and standard deviation across all correlations between that participant’s 

data segment 1 and the data segment 2 of all others in the cohort. 

Results 

We report that most healthy individuals can be differentiated from fast brain dynamics recorded by MEG 

(e.g., broadband differentiation accuracy 92.6%). However, we found that brain spectral features are less 

stable over time in PD patients, which challenges their inter-individual differentiation. 82.8% of all 

participants were identified from broadband spectral power, while 

77.2 % and 59.5% patients were correctly differentiated from their group in the broadband and delta band 

respectively. Our data show that differences in fingerprinting salience between patients with Parkinson's 

disease and healthy controls were highest in high gamma brain activity in somato-motor regions. We also 

report that the most differentiable patients are those affected the most by clinical symptoms. 

Conclusions 

We conclude that Parkinson’s neuropathology degrades large-scale neurophysiological signalling in a 

clinically meaningful manner. Overall, we believe this study documents the relevance of 

neurophysiological fingerprinting to clinical neuroscience and foresee its utility in discovering new 

neuropathophysiological signatures of diseases. 
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Introduction 

Attention deficit hyperactivity disorder (ADHD) is the most common neurodevelopmental disorder. 

ADHD is currently diagnosed by a qualified mental health care professional who gathers information from 

multiple sources as interviews and questionnaires. However, there are several attempts to use state-of-the-

art machine learning methods for the classification of brain recordings. 

The objective of this study is to show a proof concept, for Riemmanian geometry approach for 

connectivity-based EEG recording classification 

Methods 

The data used in this work was recorded using an EEG system with 64 electrodes, as subjects performed 

a task with increasing demands of working memory, in an experiment performed in the Brain Research 

Laboratory, Department of Neurology, Ziv Medical Center, Safed, Israel. The experiment was performed 

on participants with and without ADHD (6 ADHD, 6 control, n=12). 

Data was pre-processed, using a bandpass filter and independent component analysis. Then data was split 

into time intervals, and a covariance matrix for electrodes was calculated for each interval. The covariance 

matrix represents how much the different EEG channels are similar to each other and is a measure that 

represents the functional connectivity of brain activity [1,2]. Previous studies showed that individuals with 

ADHD have a different pattern of functional connectivity [3]. 

However, the nature of the covariance matrix is such that its elements are interrelated. This may prove as 

a limitation when using these elements for features of a classifier, as most classifier learning algorithms 

have an implicit assumption of uncorrelated features. It has been suggested to project the covariance 

matrix to Riemmanian space to reduce the statistical dependencies between their elements [4]. 

Accordingly, we calculated the covariance matrix for all the records of all participants from the ADHD 

and control groups and calculated the distances between these matrices in the Riemmanian Space. After 

processing the model is ready to classify new data using MDM (the minimal distance the mean). 

Results 

The model was tested using a leave one out methodology and resulted in a correct classification of 92%. 
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The human brain is a highly hierarchical system. Spatially distributed cortical regions participate 

simultaneously in several functionally defined subsystems (Small-World Brain Networks Revisited, 

2017). In the higher hierarchy level, several different large-scale networks operate synchronously, 

performing diverse perceptual and cognitive functions. Recent advancements in the field of complex 

network science led to the extension of the concept of graph analysis to the modeling of multilayer 

representations which consist of distinct networks, each one serving a different role in the system 

(Boccaletti et al., 2014; De Domenico, 2017). Implementations of such an approach that compile the layers 

of such hypernetworks on functionally or task defined connectomes may provide distinct information 

regarding the interaction of brain or cognitive processes and evolve our current single-layer 

interpretational paradigm of how the multilayered brain functionality supports the corresponding 

hierarchy of our cognitive system. The present work will utilize as an example a resent MEG study 

(Paraskevopoulos et al., 2022) that follows a multilayer network approach to model (a) the inter- and intra- 

modal interactions underlying multisensory integration, and (b) how domain-specific expertise re-

organizes the characteristics of the corresponding hypernetwork, to argue about the benefits that such a 

methodological approach in depicting cognitive hierarchy. The study followed a multifeatured statistical 

learning paradigm implemented via magnetoencephalographic (MEG) measurements (Paraskevopoulos 

et al., 2018). The paradigm allowed assessing the differential contribution of long-range cortical networks 

involved in multi- vs. uni-sensory statistical learning. Expertise related neuroplastic effects were modeled 

via a comparison of a group of musicians and a group of non-musicians. Activity time-series for the 360 

sources included in the HCP atlas were estimated via single trial source analyses, using individual BEMs. 

Phase Transfer Entropy was used to estimate statistically significant connectivity networks. Edge-to edge 

correlation between the different networks was used to estimate hyperedges and inter-network 

interactions. Statistically significant hypernetworks for musicians and non-musicians were compared 

using a general linear model approach. Results of the study showed that both expertise and behavioral 

results were related with a compartmentalization of the supramodal statistical learning processes and a 

reduced inter-network connectivity, reflecting the hierarchy of multisensory integration. Following a 

discussion of future prospects that are opened by the implementation of such an approach in investigating 

well-defined hierarchical cognitive functions, we will argue that that this approach is conceptually closer 

to the highly hierarchical structure of brain functionality and can link it successfully to the complexity of 

our cognitive system. 

 

Keywords: Multilayer networks; Multisensory learning; cognitive hierarchy; MEG. 
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Background & Objectives: Although there is a plethora of previous studies demonstrating the beneficial 

role of artificial gravity (AG) training on the cardiovascular and musculoskeletal systems, a few of them 

considered the impact of centrifugation on the oscillatory brain activity and how it modulates cortical 

activity. This study proposes a novel framework for quantifying electroencephalographic (EEG) changes 

induced by artificial gravity (AG) training performed through a short-arm human centrifuge. Its primary 

aim is to investigate whether the proposed training induces cortical network reorganization and whether 

it could be used in patient populations for rehabilitation purposes. 

Methods: The present study employed 24 healthy young volunteers and 8 patients with mobility 

difficulties due to stroke or multiple sclerosis. All of them were trained through a combination of AG and 

mild aerobic (cycling) exercise. The training intensity ranged from 0.5- 2.0g. The Short Arm Human 

Centrifuge is equipped with biomedical sensors for monitoring constantly cardiovascular and EEG 

parameters. EEG data were used to estimate cortical activity through the sLORETA solution. Functional 

connectivity and cortical network analysis were then performed. 

Results: The first part of the analysis focused on the validation of the AG training protocol on the healthy 

cohort. A three-way Mixed ANOVA indicated a statistically significant main effect of training intensity in 

global network characteristics [p<0.001]. Bonferroni corrections among the intensity levels revealed that 

cortical network properties during lying and standing conditions were significantly differentiated 

compared to the training levels. Network-based statistics analysis also revealed significant cortical 

alterations at pre/post-intervention level for the patient population. 

Conclusions: The novelty of the present study is the employment of contemporary mathematical tools 

derived from network neuroscience to quantify cortical network alterations due to a novel combination of 

AG training. It demonstrates the feasibility of EEG data acquisition while training and proposes machine 

learning approach for defining the optimal intervention dosage for each participant. Brain network 

reorganization occurs both in terms of information flow and local information processing capacity. The 

training was well-tolerated and may induce neuroplastic changes with a potential application to both space 

medicine and motor rehabilitation. 

 

Keywords: Aerobic Training, Artificial Gravity, Cortical Activity, Functional Connectivity, Network 

Neuroscience 
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Background: During the last decade, HFOs above 80 Hz have emerged as a new, promising biomarker 

of epileptogenicity [1]. Recent studies have shown that the resection of the tissue generating HFOs may 

improve presurgical diagnosis [2], and surgical outcome of patients with MRE [3] – [5]. Despite the 

promising findings, HFOs are not yet suited for the diagnosis or monitoring of epilepsy in clinical practice 

[6]. To date, the visual detection of HFOs has led to a good understanding of the relationship between HFOs 

and epilepsy [1]. However, visual marking is time consuming and subjective. 

Objectives: The current study comes to approach the problem of automatic detection by examining the 

HFO networks and the propagation of HFOs, by employing graph theoretical analysis. Our aim is to locate 

similarities and significant correlations between the HFO rate on each individual iEEG electrode and the 

local graph theoretical parameters for the same electrodes, derived by the initial aggregate graph matrix. 

Methods: Real interictal sleep iEEG recordings from two MRE patients were obtained from the 

Neurosurgery Department of the University Hospital of Zurich, from epileptic patients that subsequently 

underwent epilepsy surgery. The recordings were made using subdural strip and grid electrodes as well as 

depth electrodes. In addition, this dataset already includes the HFO events in each iEEG channel, which 

were obtained through an already validated semi- automatic algorithm. Connectivity matrix was computed 

as the spectral correlation between iEEG electrodes, and the final square matrix contains this value across 

all implanted electrodes. The two frequency bands under study are ripples (80-250Hz) and fast ripples (250-

500Hz). Six different local graph theoretical measures were computed for each node and each patient, with 

the help of the Brain Connectivity Toolbox [7]. More specifically, the computed metrics were the 

following: strength, Betweenness centrality (BC), Eigenvector centrality (EIC), Clustering Coefficient 

(CC), Local Efficiency (LocE), Local Assortativity (LocAssort). 

Results: There were significant correlations between the electrodes’ HFO rates and four graph theoretical 

measures. LocE was found to have the strongest positive correlation with the HFO rate (r=0.55 p<0.01). 

CC was also significantly correlated (r=0.48 p<0.01), followed by LocAssort (r=0.40 p<0.01). Finally, 

strength was the last graph measure that presented significant correlations (r=0.39 p=0.01), while in the 

second patient BC had a significant positive correlation (r=0.83 p<0.01) with the rate of ripples in every 

channel. 
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Pupil dynamics is correlated with activation of brain mechanisms. Specifically, neuromodulation 

noradrenergic and cholinergic circuitry underlie pupil dynamics. However, the extent and definition of the 

specific brain states that can be identified in eye dynamics are not identified, with the exception of arousal, 

which is correlated with pupil dilation. Yet, positive/negative arousal and levels of arousal and interaction 

with the flux of light on the pupil are not well defined. The study reported here asks what brain mechanisms 

activations and mental states can be extracted from eye dynamics. Specifically, we will bring results of a 

series of experiments identifying potential markers in eye dynamics. Especially, we ask: whether 

infrequent events, similar to the P300 in EEG studies, can be extracted from eye dynamics; whether the 

level of arousal can be defined and the emotional qualia can be extracted from eye dynamics. In addition, 

we will bring evidence of near real-time measures of level of mental load while performing a task, and 

finally ask whether the above biomarkers relate to emotional states.  

We ran a series of experiments in a driving simulator with events that pose a high-low-medium threat. 

Our results show that there is unique signal that can be extracted from eye dynamics, and that correlates 

with an external threat, predicting an upcoming risky event. We found a significant difference between 

the level and latency of the signal relative to the threatening event. The signal preceded the threatening 

event by 0-2.2 sec, and is an individual constant. About 29% of the participants showed the ‘predictive’ 

signal after the threatening event occurred, suggesting variation in speed of processing and response. The 

near-real-time mental load changed in a pattern that showed decreased mental load linked to the 

occurrence of the threatening event. 

The results above, of emotional - infrequent biomarkers linked to eye dynamics are a basis of a new 

possible type of Brain-Machine-Interface. Application to Human-Robot interaction, in partially 

autonomous vehicles, the Metaverse and similar will be discussed. 
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Attentional biases are occurrences of significant attentional and cognitive deployment due to negative or 

positive affective information of stimuli [1]. Current models and literature have emphasised the role of 

negative attentional biases in the aetiology of some psychological disorders such as anxiety and depression 

[2], [3], but there is less research in non-clinical groups which have underpinning factors towards such 

disorder formation. The current study investigated the changes in individuals’ EEG data when grouped 

into low or high self-esteem groups - to understand how attentional mechanisms may be affected by their 

respective experimental conditions. 

Computerized training procedures alter attentional biases, and is called Attentional Bias Modification 

(ABM) [4], [5]. Negative attentional biases can be reduced; thus, ABM may be able to contribute as an 

intervention to change psychophysiological response. Different neurological and behavioural responses 

in an independent groups design were explored using the Affective Norm for Emotional Words 

(ANEW)[6] and Rosenberg Self-Esteem scores (RSES). A non-clinical sample of 45 participants were 

shown 200 negative-neutral affective word pairs either without emotional bias (control) or with 

(experimental) during a dot-probe task . Later, 10 words of both valences were memorised. Lastly, a free 

recall task required participants to recall the words. Data for Event Related Potentials (ERP’s) using a 

256-channel dense-array electroencephalogram (EEG) in three separate pre-defined regions of interest 

were analysed. These were across the 200-280, 320-400, and 600-900ms epochs [7] . Response times and 

word recall data were also gathered. 

In the three regions of interest, amplitude was not significantly different due to self-esteem levels, when 

in different dot-probe conditions. However, in the prefrontal line, the dot-probe task had a significant main 

effect on amplitude, this was indicated by an increase in the N2 ERP potential as the negative stimuli 

caused greater conflict of expectations. There was a significant effect of time and self- esteem SE on 

amplitude- this reflected initial modulations from the stimuli viewed as positive amplitudes in the first 

epoch, but decreased amplitude as the modulation from stimuli reduced. 

Overall, the results suggested self-esteem levels were impacted with minor strength by the affective 

stimuli, but the ABM training did not improve attentional deployment away from negative words. The 

results were limited to one session and understood that the difference could increase in future research if 

more than one session occurred. Additionally, the technique could be explored in caring professionals with 

emotion-based concepts such as empathy, to understand if/how stimuli can change such levels. 
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Prior research work suggests that positive affect attenuates pain while negative affect enhances it (de 

Wied & Verbaten, 2001; Meagher, Arnau, & Rhudy, 2001). The present study sought to examine whether: 

1) affective stimuli would influence emotional states of participants under different heat pain intensities; 

2) affect would modulate the experience of pain in healthy individuals; 3) the physiological responses 

would variate during different emotional conditions and concurrent heat pain stimulation; and 4) emotion 

elicitation would influence differently the measured parameters with regard to the stimulated arm. Design. 

43 healthy participants (21 females, 22 males) with a mean age of 26.40 years (SD = 6.24) attended the 

experimental session. At the beginning of the experimental session the researchers determined individual 

pain threshold and pain tolerance for each participant. During the testing session, participants were 

presented with various pictures intended to elicit emotions (highly positive, neutral, highly negative) and 

simultaneously, they were stimulated with different heat intensities to either the right or left arm. This 

phase was followed by an after-rating condition, where pain ratings were made on a visual analogue scale 

(VAS) and emotion ratings on the Self- Assessment Manikin (SAM), respectively. To evoke different 

emotional states, pictures were selected from the International Affective Picture System (IAPS; Lang, 

Bradley, & Cuthbert, 1997a) and the Emotional Picture Set (EmoPicS; Wessa et al., 2010). Outcome 

Measures. Physiological measures and self-report were collected. Especially, electrical cardiac activity, 

electrical muscle activity of the trapezius muscle, electrodermal activity and respiration were recorded 

throughout the experimental session. Pain intensity (i.e., pain threshold and tolerance) and affect (i.e., 

valence and arousal) were measured in the after- rating condition. Results. Pictures effectively 

manipulated self-reported affect across all heat intensities. Positive emotion led to pain enhancement and 

negative affect led to pain inhibition. Moreover, emotions produced highly significant changes in 

participants’ physiological responses. Lastly, affect produced significant changes in a number of 

psychophysiological parameters, especially when the participants’ left arm was stimulated with heat pain. 

Conclusion. Affect modulates pain experience in healthy individuals. Although preliminary, these findings 

may have clinical relevance because they suggest that emotion elicitation techniques to regulate acute pain 

can be used in clinical settings. However, particular attention should be paid to positive affect of high 

intensity which it seems to increase pain experience. Furthermore, pain in treatment settings is a real threat 

and can pose an enormous burden on patient’s quality of life. Therefore, future work is needed to examine 

the underlying mechanisms of pain facilitation and inhibition in healthy individuals and clinical 

populations. 
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The Default Mode Network (DMN) is a brain network consisting, among others, of the precuneus, 

medial cortex’s, lateral parietal’s and cingulate cortex’s cortical areas. The activations of the DMN have 

been associated with the lack of external stimuli, a fact that makes the DMN one of the most important 

Resting State Networks of the human brain. In schizophrenia, the normal function of the DMN is altered. 

In some cases its activations increase (Whitfield-Gabrieli et al., 2009), while decreased activations of the 

DMN in schizophrenic patients have also been reported (Camchong et al., 2011). On the other hand, 

cognitive and physical training have been found to improve cognition and induce neuroplasticity (Bamidis 

et al., 2015). The aim of the present study is to investigate possible alterations in the functional connectivity 

of the DMN due to cognitive and physical training. Four participants diagnosed with schizophrenia took 

part in an eight-week protocol, which included cognitive training through BrainHQ and Physical Training 

through FitForAll. A 128 electrode, resting state electroencephalogram (EEG) took place 1-14 days prior 

to and after the end of the intervention. The analysis of the EEG included pre-processing and activations 

calculation through the sLORETA reverse problem solution (Pascual-Marqui, 2002). Relative Wavelet 

Entropy was calculated for the quantification of the functional connectivity in the selected cortical regions. 

Finally, global and local graph metrics were calculated with the use of the Brain Connectivity Toolbox 

(Rubinov & Sporns, 2010). The results show an increase in the density, efficiency, and clustering 

coefficient, while the characteristic path length and the small worldness appear to decrease. The first 

results appear to be promising, although in order to perform statistical analyses and arrive at more 

scientifically strengthened outcomes a much larger number of participants is required. 
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Nonadherence to medical treatment can worsen a condition and increase comorbid illnesses and 

healthcare costs, as well as hinder treatment effectiveness (Chisholm- Burns & Spivey, 2012). 

Nonadherence could be specifically prominent in elderly, polymedicated patients (Pérez-Jover et al., 

2018) particularly due to patient forgetfulness (Kardas et al., 2013) and may thus be a target for such 

interventions. The Differential Outcomes Procedure (DOP; Trapold, 1970) involves pairing specific 

correct responses with a specific reinforcer and it has been used to improve age-related memory deficits, 

as well as recognition of treatment-relevant information in healthy adults (Plaza et al., 2018), and might 

then be a suitable method for the improvement of adherence in polymedicated older adults. Current 

popularity in mobile health app (Marcolino et al., 2018) may allow for the implementation of a mobile 

health app, training users with the DOP to improve adherence-related factors. The purpose of this study is 

the development of a mobile health app that featured the DOP technique to improve treatment adherence 

while examining its usability through an expert judgment. An initial version of the app, (following the 

criteria in Arnhold et al.,2014), was evaluated by five experts with experience in treatment adherence and 

aging. These experts rated App usability, user satisfaction, design issues, difficulties, and areas in need of 

further improvements throughout a battery of tests that was assembled for this purpose (e.g., including the 

Computer Systems Usability Questionnaire validated in Hedlefs Aguilar et al., 2016; and an user 

satisfaction scale from Billis et al., 2011). The results of the expert judgment were as follows: some app 

functionality was not properly adapting to the differences between possible users, the app lacked 

information related to user errors, some text displays were too small, the interface required some minor 

tweaks related to functionality (such as some inputs not working), and tasks were too long. This led to 

updates to the app which introduced user tutorials and messages which informed participants of how to 

troubleshoot errors or that indicated the length of tasks so that participants could choose to start them 

whenever they felt was appropriate. 

Functionality inadequacies were also corrected. The resulting app will be used in future research to study 

its usability and functionality in the target population, as well as its usefulness regarding improvements in 

adherence, adherence-related information, and ultimately quality of life. 
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Extensive research has been carried out in the field of Brain Computer Interface (BCI) using Motor 

Imagery (MI) in recent years. Nevertheless, the accuracy rates of such systems remain quite low even 

though there has been a great development in the field of algorithms. The objective of this study was to 

investigate the performance of BCI MI in hand movement control based on an immersive Virtual Reality 

(VR) spatial stimuli cognitive task. We performed preliminary experiments on 10 healthy young adults, 

where they were asked after a cue on an VR environment to imagine moving their left or right hand 

depending on the cue, without any movement or muscle activation (see Fig. 1b). 

The training protocol was designed based on the Graz-BCI protocol [1]. The first step of the training 

consists of the acquisition of the raw EEG data. Throughout the training session, the user has to perform 

mental imagery of the corresponding hand, based on the presented stimuli. The training session was 

configured to acquire data in 20 trials (epochs) per class (left-right hand) in a randomized order (see Fig. 

1a-b). Following the EEG acquisition, the artifacts removal was performed using the band pass filter in the 

frequency range between 8-30 Hz. The data were then used to compute a Common Spatial Patterns (CSP) 

filter, a spatial filter that maximizes the difference between the signals of the two classes [1]. Furthermore, 

the output of CSP is fed to a spatial filter that generates a weighted linear combination of the input 

channels. Then the feature vectors that include the band power for left-right hand were computed. The 

output of the spatial filter and the feature vectors was used to train offline a Linear Discriminant Analysis 

(LDA) classifier. In order to give correct feedback, the VR system expects a negative value for one class 

and a positive value for the other class. 

The classification training accuracy achieved was 78.3%. A 5-fold cross validation was performed with 

the classification algorithm trained on n-1 segments and tested on the remaining one. This is performed 

for each segment and the cross- validation accuracy was 72.9%. Finally, after the classifier training, the 

participants performed the same session with the only difference being that they received real-time 

feedback on the movement of the virtual goalkeeper's hands in order to repel as many shoots as they could, 

just by mental thinking (see Fig. 1c-d). The accuracy achieved was 64%. In the next steps, we will carry 

out further participants' sessions and investigate for correlations between ΜΙ and typical cognitive tasks 

related to attention and spatial memory, with the aim of finding possible cognitive mechanisms that make 

the human performance better aided by MI. 
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Fig. 1. Schematic illustration of the VR Motor Imagery task: a. The appearance of the flag signals 

the start of a new trial; b. The appearance of the highlighted hand, alerts (state of alertness) the user 

for the movement imagery of the corresponding hand (here left-hand imagery); c. With the hide of 

the highlighted hand, the hand movement imagery attempt begins; d. With the hide of the flag, the 

trial ends. 
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Autism spectrum disorder (ASD) is characterized by atypical processing of emotional facial 

expressions (Leung et al., 2015). Recent studies show that the cerebellum is involved in emotional 

processing in both health and neurodevelopmental disorders (Adamaszek et al., 

2017; Styliadis et al., 2015, 2021) and that its vermal and hemispheric lobules exhibit distinct 

spatiotemporal activity in response to angry and happy faces respectively (Styliadis et al., 2021). Though 

there are reports of differences in functional networks during face processing in ASD compared to 

controls, the nature of the cerebro-cerebellar connectivity is still not well understood. The current 

magnetoencephalography study examined effective cerebro-cerebellar connectivity to implicit happy and 

angry faces from the NimStim collection (Tottenham et al., 2009) in 19 adolescents with ASD and 23 

typically developing (TD) controls. Participants indicated the location of a scrambled pattern that was 

presented alongside a happy or angry face. Source time-series for each emotion, estimated via dynamic 

statistical parametric mapping (Dale et al., 2000) in 1-30 Hz for a 0-500 ms time window, were extracted 

using the Automated Anatomical Labeling 2 (AAL2) parcellation to compute cerebro-cerebellar transfer 

entropy (Schreiber, 2000). The AAL 2 atlas offers 94 cortical and subcortical areas and 26 cerebellar areas. 

Statistical analysis of the cerebro-cerebellar connectivity was assessed using the Network Based Statistic 

package (Zalesky et al., 2010). A 2 (happy/angry) × 2 (group: ASD/TD) ANOVA was used to estimate 

the main effects of group and emotion and the group by emotion interaction. 5000 permutations were 

estimated for each F-test and a threshold of p<0.05 was regarded as significant. The interaction network 

involved widespread connections primarily anchored in frontal regions extending to occipital, temporal, 

parietal, and subcortical regions and distinct vermal and hemispheric cerebellar lobules. These connections 

were mainly directed from cerebellar lobules to cerebral regions. Post hoc analysis revealed stronger 

cerebro-cerebellar connections when adolescents with ASD processed angry faces in comparison to TD 

controls. By contrast, the cerebro-cerebellar network had stronger connections when TD controls 

processed happy faces. Group comparison showed a distinct connectivity pattern; only vermal lobules 

communicated with cerebral regions in TD controls, whereas mainly the hemispheric lobules (the vermal 

ones only at a lesser degree) connected to the cerebrum in adolescents with ASD. The main effect of 

emotion did not provide any significant differences. Our findings reflect altered cerebro-cerebellar 

communication in adolescents with ASD during implicit emotional face processing. 

 

Keywords: Autistic Spectrum Disorder, Magnetoencephalography, Emotional face processing, Cerebro-
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Some neurodevelopmental disorders involve difficulties in both motor functioning and social 

cognition. For example, individuals with Parkinson’s disease, primarily associated with motor functioning 

deficits, show social cognition deficits. Individuals with autism spectrum disorder (ASD), primarily 

associated with social cognition deficits, show motor functioning deficits. It is increasingly acknowledged 

that motor and social skills may be linked. An ability that involved both motor functioning and social 

cognition is interpersonal synchrony, that is, the alignment of movement of two or more people in time. 

Interpersonal synchrony often occurs in natural settings, including communication between mother and 

infant, while walking side-by-side or during a conversation. This ability has been thought to play a key 

role in the acquisition of social cognition skills during the early years of life. While it is agreed that motor 

functions are crucial for an individual’s ability to synchronize our movements with those of others, the 

two have largely been studied separately. We present attention deficit hyperactivity disorder (ADHD), as 

an example of a disorder that involves along with its core symptom of inattention, hyperactivity and 

impulsivity, and difficulties in both motor function and social cognition. We show recent evidence of 

difficulties in interpersonal synchrony in ADHD. We present recent findings on motor functioning and 

interpersonal synchrony and propose that these two functions share a common neurobiological 

mechanism. We describe the pivotal role of the dopaminergic system in modulating these two distinct 

functions and suggest that both adhere to the same principles of predictive coding. Finally, we put forward 

evidence linking dopaminergic modulation by the administration of methylphenidate to improvements in 

both motor and social domains.  
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Epilepsy is one of the most common brain diseases with a major effect in more than 50 million people 

worldwide. Epilepsy is characterized by frequent recurrent seizures or "ictal" states during which a 

patient's neurons become hyperexcitable causing uncontrollable muscular contractions which induce loss 

of mobility and balance resulting in injury or even death. Deep investigation for a systematic approach to 

predicting and informing patients for oncoming seizures ahead of time is vital in alleviating part of the 

stress and anxiety felt by epileptic patients. Recent methodologies on seizure prediction were based on 

detecting electroencephalogram (EEG) abnormalities, however, in other recent studies, it is indicated how 

disturbances in the Autonomic Nervous System (ANS) can produce detectable alterations to the 

electrocardiogram (ECG) signals. The latter could potentially account for robust seizure prediction to be 

implemented on low-cost wearable devices. In this regard, the potential of devising seizure warning 

systems has been investigated using supervised machine learning models such as Support Vector 

Machines (SVM), Decision Trees, and others to classify a patient's state based on their Heart Rate 

Variability (HRV) parameters. Nevertheless, these approaches require the existence of patient-specific 

annotated ECG recordings in order to function, making deployment of such models significantly more 

difficult. In this work, we are investigating the potential of using unsupervised Anomaly Detection 

techniques such as One-Class SVM (OCSVM), Isolation Forrest (IF), Minimum Covariance Determinant 

Estimation, and Local Outlier Factor (LOF) to monitor an epileptic patient's state by quantifying the short-

time novelty of their observed HRV parameters in order to implement a truly plug-and-play seizure 

warning device. A proposed methodology and results will be presented and discussed on the basis of 

openly available ECG databases. 

  

114



Understanding the Impact of Zygosity on Personality: A Twin 

Study  Exploring the Common Basis of the Five Factor Model 
 

Sofija Paunic1, Dr. Manousos A. Klados1 

 

1. Dept. of Psychology, University of York Europe Campus, CITY College, Thessaloniki, Greece. 

 

Personality refers to individual differences in consistent patterns of thinking, feeling, attitude and 

behaviour that influence how we view ourselves, and how we interact with intrapsychic, physical, and 

social contexts within our surroundings. The Five Factor Model is an influential hierarchical model that 

describes universally held aspects of difference between people; it comprises five fundamental dimensions 

of personality i.e., Openness to Experience, Conscientiousness, Extraversion, Agreeableness, and 

Neuroticism. Each trait possesses implications in an individual’s well-being, personal and 

social/occupational life. Amongst the approaches to study the individual differences in personality, genetic 

studies, particularly those focusing on twins, have delivered high promise in elucidating the heritability of 

the Big Five personality traits. We assessed differences in personality traits between mono- and di- zygotic 

twins. Personality data, evaluated using the NEO five factor inventory (NEO-FFI), was available 

for 267 pairs of twins (165 monozygotic, 102 dizygotic), which were all recruited from the WU-Minn 

Human Connectome Project. Significant statistical differences between monozygotic and dizygotic twins 

were seen for Openness to Experience (r=0.12) and Conscientiousness (r=0.13). Moderate positive 

correlation is displayed by all Big Five dimensions in monozygotic twins, however dizygotic twins exhibit 

weaker correlations. Furthermore, of these five personality traits, we were able to predict the prevalence 

of  Openness to Experience of one twin, based on the acquired score from its pair. 

 

Keywords: Personality; Five Factor Model; Big Five; Twins; Twin study; Zygosity; Monozygotic; 

Dizygotic 
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Respiration can be seen as a slow oscillating pattern of inhalation and exhalation. Interestingly, respiratory 

phases are measurable in brain activity in olfactory areas and in downstream networks of the limbic system 

like the amygdala and hippocampus (Zelano et al., 2016). Recent publications show that respiration also 

affects additional widespread brain areas. For example, respiration-locked brain activity can be found in 

medial and lateral orbitofrontal cortex, insula, frontal, and parietal cortices (Herrero et al., 2018; Kluger & 

Gross, 2021). Here, respiratory phases modulate higher brain oscillatory patterns by phase-amplitude coupling 

(Herrero et al., 2018; Kluger & Gross, 2021; Zelano et al., 2016). Further, respiration phase modulates resting-

state network connectivity (Perl et al., 2019). Respiration phase-dependent changes ultimately affect our 

perception (Kluger et al., 2021) and further cognitive task performance (Nakamura et al., 2018; Perl et al., 

2019; Zelano et al., 2016). Here, inhalation is linked to increased cognitive performance, while cortico-

muscular coherence in the beta band over the sensorimotor area is increased in exhalation (Kluger and Gross, 

2020). 

With this in mind, we want to assess the effect of respiration phase on the performance in real-time brain-

computer interfaces (BCIs). BCIs convert brain activity into machine-readable output, enabling the user to 

control a computer with their brain state. Does the inhalation phase affect real-time analysis and single-trial 

performance in mental imagery tasks? Is there a dissociation between cognitive and motor mental imagery? 

We will monitor the respiration phase of participants while simultaneously measuring brain activity using 

EEG. The protocols include a) resting-state activity, b) a cognitive task, and c) BCI mental imagery. Here, the 

participants will perform two mental tasks: i) kinaesthetic motor imagery movement (of the dominant hand) 

as well as ii) continuous subtraction of a one-digit number from a three-digit number. These tasks will elicit 

specific activity in different brain areas: i) mu and low beta-desynchronization of the sensorimotor area 

contralateral to the dominant hand and ii) changes in theta frequency in frontal midline areas of the brain, 

respectively. The BCI will provide real-time visual feedback to the participant. 

By assessing the influence of respiration phase on performance in two different types of tasks, we aim to 

uncover potential neuroscientific mechanisms underlying inter- and intra-subject variability in BCI 

performance. This shall contribute to bringing these technologies closer to everyday application. 
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Background: Elevated resting-state theta is found in a subgroup of ADHD (Arns et al, 2013). The theta/beta 

ratio (TBR) standard protocol at midline scalp sites for neurofeedback (NF) allows for theta downregulation 

to normalize resting-state theta and eventually reduce ADHD symptoms. However, at midline EEG scalp 

topographies, frontal-midline (fm) theta is increased when cognitive control is required (Cavanagh & 

Shackman, 2015). Fm-theta responses to errors appear to be reduced in ADHD (Keute et al 2019), suggesting 

impaired action monitoring, hindering post error slowing (PES) (Balogh & Czobor, 2016). Thus, current 

neurophysiological evidence shows that children with ADHD have increased theta at rest and decreased fm-

theta activity in cognitive control, while optimal cognitive performance requires the opposite. We therefore 

asked the question, what are the effects of TBR NF has on inadequately low fm-theta for cognitive control 

and how does it contribute to remission? 

Methods: We used the data of the International Collaborative ADHD NF study (Arnold et al, 2021). 142 

children (aged 7-10 years) diagnosed with DSM-5 ADHD and with a TBR≥4.5 were randomized either to the 

actual TBR or a sham NF. Actual theta/beta ratio NF training was spllited into the 38 1-hour long sessions 

that took place within 13 weeks. The goal was to train children to regulate brain activity for attention control 

and impulsive/hyperactive behaviour through downregulating resting state theta frequency at midline sites. 

Parent and teacher-rated inattention was assessed as primary clinical outcome, on which remission was 

determined. EEG measures included resting-state and an Oddball task. EEG pre-processing was run 

automated via Python, including a high pass, low pass and notch filters. Data were EOG-corrected, rest 

artifacts were excluded. Maximal ERSP values were automatically detected at selected electrodes of the 

regions of interest (ROI) (global: T3, T4, Pz; fm: Fz, FCz, Cz), averaged and extracted. For statistical analysis, 

inclusion criteria required subjects with EEG datasets before and after NF training or at follow up, and a 

minimum number of trials. 

Results: Resting-state results show a non-specific NF effect, regardless of NF group and remission status, all 

participants reduced theta after the intervention. A specific effect was observed in the Oddball task, only 

remitters from the NF group reduced global theta after NF. Regarding errors, non-remitters of the sham group 

decreased their error-related theta after the NF. A trend was found in the fm-theta at PES. 

Conclusions: Our hypotheses have been partially confirmed. Remission could occur when general theta but 

not fm-theta networks are affected. Should this be confirmed, there is a need to refine NF protocols that 

dissociate different brain networks to ultimately increase remission rates. 

 

120



Keywords: neurofeedback, ADHD, theta oscillation, TBR 

 

References 

 

1. Arnold, L. E., Arns, M., Barterian, J., Bergman, R., Black, S., Conners, C. K., ... & Williams, C. E. 

(2021). Double-blind placebo-controlled randomized clinical trial of neurofeedback for attention-

deficit/hyperactivity disorder with 13-month follow-up. Journal of the American Academy of Child 

& Adolescent Psychiatry, 60(7), 841-855. 

2. Arns, M., Conners, C. K., & Kraemer, H. C. (2013). A decade of EEG theta/beta ratio research in 

ADHD: a meta-analysis. Journal of attention disorders, 17(5), 374-383. 

3. Balogh, L., & Czobor, P. (2016). Post-error slowing in patients with ADHD: a meta-analysis. 

4. Journal of attention disorders, 20(12), 1004-1016. 

5. Cavanagh, J. F., & Shackman, A. J. (2015). Frontal midline theta reflects anxiety and cognitive 

control: Meta-analytic evidence. Journal of Physiology Paris, 109(1–3), 3–15. 

https://doi.org/10.1016/j.jphysparis.2014.04.003 

6. Keute, M., Stenner, M. P., Mueller, M. K., Zaehle, T., & Krauel, K. (2019). Error-related dynamics 

of reaction time and frontal midline theta activity in attention deficit hyperactivity disorder (ADHD) 

during a subliminal motor priming task. Frontiers in human neuroscience, 13, 381. 

121



Design and prototyping Brain Computer Interfaces using embedded 

systems and System-On-Chips 
 

Gregory Kalogiannis1, George Hassapis1. 

 

1. Aristotle University of Thessaloniki, Department of Electrical and Computer Engineering, 

Thessaloniki, Greece 

 

 

Embedded systems are microcontrollers programmed to do specific tasks, so normally not general-purpose. 

System-On-Chips (SoC’s), as part of embedded systems, are integrated circuits that packages most of the 

necessary computing components into a single chip. Advanced electronics components, such as memory 

blocks and analogue frequency components alongside with more sophisticated components such as hardware 

accelerators coexist to serve the embedded system application needs. Such accelerators as well as other 

application-dependent components are known as Intellectual Property (IP) cores. SoC’s are very common in 

the area of embedded and mobile systems due to their low power consumption. Nowadays, the architecture 

of SoC’s is dictated by applications (Tousi & Iturbe, 2018). Designing and prototyping a Brain-Computer- 

Interface (BCI) application using embedded systems is mainly an integration process where designers connect 

a set of IP cores together using standard buses in order to build their systems. These IPs are commonly 

representing the central processes inside a BCI such as capturing brain signals, preprocessing, filtering, de-

mixing, feature extraction, classification and mapping. This study cover’s the design and prototyping of a 

BCI, that is dedicated in recognizing human motor imagery movements for controlling movement 

rehabilitation devices, using embedded systems and SoC’s. The imagery motor movements are recognized as 

mu and beta Event-Related Desynchronization (ERD) and Event-Related Synchronization (ERS) patterns 

inside electroencephalography recordings (Yongwoong, Chang, & Cheol, 2011). This study presents the 

design of several IPs that are used in the latter BCI system. These IPs are validated, verified, documented and 

reuse building blocks, which allow designers to deal with the growing complexity of BCI applications. This 

study starts with identifying the target BCI application needs, and ends with verifying that such specifications 

are fulfilled in the prototyped SoC. The latter is implemented and tested using Field-Programmable Gate array 

(FPGA) prototyping boards. 

Keywords: brain-computer-interfaces, embedded systems, system-on-chip, motor imagery, intellectual 

properties 
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Background: Natural motor control of the human hand involves the ability to accurately grasp and manipulate 

objects, utensils, tools and move fingers in isolation for functional task performance and activities of daily 

life (ADL) [1]. Patients with congenital and acquired hemiparesis due to neurological injuries incur long-term 

deficits in hand function [2]. Despite these limitations, patients may be able to perform a few hand-related 

tasks, though they often struggle and sometimes altogether fail to complete them [3]. 

Objectives: In the context of NeuroSuitUp and HEROES research projects, the present work aims to study 

and systematize the design and development of a novel wearable neural rehabilitation device in the shape of 

a glove, capable of both multi-sensor data-acquisition and soft robotics actuation. 

Materials and methods:The technological integration involved in the proposed system, as illustrated in 

Figure 1, emphasizes portability, wearability and power autonomy. The device consists of: 

I. A multi-sensor subsystem measuring pressure, bending force, gyroscopic accelerometry and 

electromyography. 

II. An actuation subsystem implemented by a pneumatic, soft-shell exoskeletal device capable of assisting 

movement of the fingers. This subsystem consists of custom-designed, moulded silicon bladders, 

designed to apply a bending or an extending force upon pressurization [4]. 

III. Communication software controlling the actuation subsystem based on near-real time processing of 

data obtained from the multi-sensor subsystem. 

 
 

Figure 1: System Architecture 

 

Results: The proposed system architecture presented in this manuscript describes the design of a novel 

wearable neural rehabilitation device in the shape of a glove, capable of both multi-sensor data-acquisition 

and soft-robotics actuation. The communication subsystem is designed to control the distribution of 

compressed air to the pneumatic actuators along the length of a finger, providing active flexion or passive 

extension based on the data-fusion acquired by the multi-sensor subsystem. 

Conclusions: In this paper a system architecture is proposed for human hand neuro-rehabilitation using a 

novel exoskeletal soft-robotics device, based on multi-sensor data fusion and pneumatics. A series of 
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validation experiments is planned to demonstrate that this proof-of-concept prototype device, will include a 

comparative study demonstrating different aspects of the device through mental and motor activities, through 

a rehabilitation exercise protocol and finally will demonstrate that it provides data and services that are 

valuable from both a diagnostic and a rehabilitation perspective. 
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Background: Opiate users (OU) are characterized by impaired neurocognitive functioning reflecting risky 

and maladaptive decision-making (Baldacchino et al., 2012) and deficient inhibitory control (Fu et al., 2008). 

Research suggests that these impairments persist even after prolonged abstinence from opiate use (Ahn et al., 

2014; Kriegler et al., 2019; Tolomeo et al., 2016) and may increase the risk of relapse. However, few studies 

have examined the effect of length of abstinence on neurocognitive functioning in OU. The aim of the current 

study was to examine whether length of abstinence affects different types of decision-making and response 

inhibition in former OU. 

Method: Participants included 45 “pure” (i.e. mono-dependent on opioids) OU in early abstinence [0-12 

months], 68 “pure” OU in protracted abstinence [>12 months], and 68 matched control participants. Decision-

making was assessed with the Iowa Gambling Task (IGT; Bechara et al., 1994), a measure of decision-making 

under ambiguity, the Cambridge Gambling Task (CGT; Rogers et al., 1999), a measure of decision-making 

under risk, and the Monetary Choice Questionnaire (MCQ; Kirby et al., 1999), a measure of delay discounting. 

Response inhibition was examined with the Stop Signal Task (SST; Dougherty et al., 2003), a measure of 

action cancellation, and the Go/No-Go Task (GNG; Lane et al., 2007), a measure of action inhibition. 

Results: Results revealed significant group differences in decision-making under risk (i.e., CGT) and 

ambiguity (i.e., IGT), where control participants displayed better decision-making than OU in early abstinence 

but not than OU in protracted abstinence. In contrast, both groups of former OU were characterized by reduced 

action inhibition efficiency as measured by the GNG task and higher discounting of delayed rewards compared 

to the control group. No group differences were observed in action cancellation efficiency as measured by the 

SST. 

Conclusion: Our data suggests that impairments in decision-making under risk and ambiguity in OU remain 

notable in the earlier stages of abstinence from opiate use, but may improve with longer periods of abstinence. 

In contrast, deficient action inhibition and increased delay discounting may persist even after prolonged 

abstinence from opiate use. Overall, our findings suggest that neurocognitive function may not fully recover 

even with protracted abstinence, which requires the development of personalized relapse prevention and 

cognitive remediation programs targeting the key neurocognitive functions impaired by chronic opiate use. 
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Multisensory integration does not show an age-related decline in adult life. Instead, it seems to retain 

the ability to generate training induced neuroplasticity even in old ages. Musical training, being 

multisensory in nature, provides a particularly effective and rewarding ground for cognitive training 

programs that aim either to train healthy adults in multisensory processes, or to delay the onset of age-

related cognitive decline. We developed a computer based multisensory training protocol (i.e. MusicPlast) 

grounded on a simplified music reading paradigm, aiming to induce neuroplastic changes in 

frontotemporal cortical areas. The corresponding training effects are investigated via 

Electroencephalographic (EEG) measurements in 15 young adults and 15 elderlies. To this aim, we used 

EEG measurements comparing the cortical responses pre- and post- training and performed non-

parametric statistical analysis of the brain functionality, quantifying changes in the corresponding brain 

activity and cortical connectivity. Current results indicate that multisensory training induces statistically 

significant neuroplastic changes in both age-groups on a differential pattern. Young adults, in comparison 

to the older ones exhibit increased re-organization of effective connectivity between the regions 

supporting multisensory incogruency identification, while older adults, on the other hand, show increased 

neuroplastic changes on the strength of the activity of each region independently. The pattern of these 

changes points to a reparational neuroplastic effect. As these areas are amongst the first cortical areas to 

be affected by age-related changes in the cortex, the above-mentioned results indicate that MusicPlast may 

prolong the active and healthy aging by delaying age-related neurocognitive degeneration. 

 

Keywords: Cognitive Neuroscience; Aging, Multisensory Integration; Music Neuroscience; Cortical 

Plasticity; Electroencephalography (EEG); Music training. 
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The use of BCIs in rehabilitation is due to the potentiality of these systems to enhance neural plasticity, 

improving brain functional reorganization. The most common BCI paradigm is the P300-speller EEG-

BCI, used as a communication support for paralyzed patients. P300-speller visual paradigm [1] consists 

in a matrix of alphabetical letters which rows and columns are continuously flashed: once the letter the 

user is paying attention to is elicited by a flash, the system detects a p300 response and writes the letter 

on the screen allowing communication. Different usage of this paradigm have been successfully proved 

for language rehabilitation in aphasic patients: in [2] and [3], subjects underwent a high-intensity training 

using a P300- BCI paradigm reaching a sustained recovery of language processing, demonstrating the 

potential use of the paradigm for to strengthen language network. Following these evidences, in our study 

we hypothesized a reinforcement of visuo-linguistic neural circuits subsequent to an extensive visual 

P300-BCI speller training, which will result in enhancement of visuo-linguistic mapping and recognition 

during reading. In this explorative study 6 Italian healthy adult subjects (3 experimental, 3 control; mean 

age: 37.3, SD: 15) were recruited. Both groups performed a language experimental task based on a 

modified version of the Reicher-Wheeler paradigm[5 – 6]: Italian pseudo-words were rapidly (48ms) 

visualized between two masks and subsequently subjects were asked to discriminate which one between 

two displayed letters was present in the pseudo-word. This task was presented both on the first day and 

after 4 days. The experimental group underwent a P300-speller-BCI training(1:30h per-day for 5days, first 

day after language task, last day before language task) consisting in writing a list of Italian pseudo-words 

using the BCI. The pseudo-words used both in tasks and training were created through a Python-script 

combining Italian’s pronounceable syllables extracted from the lexicon PhonItalia [7], in such way to 

avoid any association with existing Italian words selecting only pseudo-words without lexical neighbors, 

by the use of the Italian words corpus ColFIS[6] thus preventing ceiling effects due to high-level reading 

skills in healthy adult. Reaction times and responses accuracy will be compared between tasks pre-and-

post-training and between groups using 2-way mixed model ANOVA with independent measures on 

group and repeated measures on reaction-time. Such approach,whether successful, will be then extended 

firstly to a greater number of healthy subjects and subsequently to developmental dyslexic population to 

explore the possible application of a P300-BCI rehabilitation for enhancing reading abilities. 

 

References: 

 

1. Farwell, L. A., & Donchin, E. (1988). Talking off the top of your head: toward a mental 

prosthesis utilizing event-related brain potentials. Electroencephalography and clinical 

neurophysiology, 70(6), 510–523. https://doi.org/10.1016/0013-4694(88)90149-6 

2. Musso, Hübner, D., Schwarzkopf, S., Bernodusson, M., LeVan, P., Weiller, C., & Tangermann, 

M. . (2022). Aphasia recovery by language training using a brain-computer interface: A proof-

of-concept study. Brain Communications, 4(1), fcac008–fcac008. 

https://doi.org/10.1093/braincomms/fcac008 

3. Kleih, S. C., Gottschalt, L., Teichlein, E., & Weilbach, F. X. (2016). Toward a P300 Based 

Brain-Computer Interface for Aphasia Rehabilitation after Stroke: Presentation of Theoretical 

Considerations and a Pilot Feasibility Study. Frontiers in human neuroscience, 10, 547. 

https://doi.org/10.3389/fnhum.2016.00547 

4. Reicher, G. M. (1969). Perceptual recognition as a function of meaningfulness of stimulus 

128

https://doi.org/10.1016/0013-4694(88)90149-6
https://doi.org/10.1093/braincomms/fcac008
https://doi.org/10.3389/fnhum.2016.00547


material. Journal of Experimental Psychology, 81(2), 275–280. 

5. Wheeler, Daniel D. (1970/01)."Processes in word recognition." Cognitive Psychology 1(1): 59-

85. 

6. Bertinetto, P.M., Burani, C., Laudanna, A., Marconi, L., Ratti, D., Rolando, C., Thornton, A.M. 

2005. Corpus e Lessico di Frequenza dell'Italiano Scritto (CoLFIS). 

http://linguistica.sns.it/CoLFIS/Home.html 

7. Goslin,J., Galluzzi,C., & Romani, C. (2013). PhonItalia: a phonological lexicon for Italian, 

Behavior Research Methods. 46. 10.3758/s13428-013-0400-8. 

  

129

http://linguistica.sns.it/CoLFIS/Home.html


 

Improving the performance of non-invasive Brain-Computer 

interfaces   utilizing Riemannian geometry: Comparison of different 

Machine Learning pipelines, Deep and Transfer Learning models 
 

Alexandros Christopoulos1,2, Jana Fehring 2,3, Jaroslav Krc2,4, Fabien Lotte5, Stefanie Enriquez-

Geppert 2,6 

 

1. Faculty of Science and Engineering, University of Groningen Netherlands,  

2. Department of Clinical Neuropsychology, University of Groningen, Netherlands,  

3. University of Heidelberg, Germany,  

4. Faculty of Medicine, Masaryk University, Czech Republic,  

5. Inria Bordeaux Sud-Ouest, Talance, France,  

6. Department of Biomedical Sciences of Cells and Systems, Section of Cognitive 

Neuropsychiatry, University Medical Center Groningen, Netherlands 

 

Background: Although brain-computer interfaces (BCIs) show great promise for assisting people in need, 

BCIs still remain within the laboratory setting due to low classification performance of first-time users 

and long calibration times required to train algorithms (Vidaurre & Blankertz, 2010). BCIs detect relevant 

aspects of a person’s brain activity and translate them into a computer command or interpretable feedback 

signal to self-regulate brain activity, for example, with the goal of rehabilitating cognitive or motor 

functions (Wolpaw, & Wolpaw, 2012). Brain activity is detected by extracting the relevant brain activity 

of the participant and then identifying and learning the relevant information by using a machine learning 

(ML) pipeline (Nam & Nijholt 2018). One option is the focus on improving feature extraction and 

classification. Recently a newly proposed method for extracting features, called Riemannian Geometry 

(RG), has shown to outperform the previously top-performing methods, such as Common Spatial Patterns 

(CSP) (Yger et al., 2017). Furthermore, deep learning (DL) methods (Schirrmeister et al., 2017) and 

transfer learning (TL) across participants have been suggested to reduce or even eliminate the long 

calibration sessions usually required from a participant to control a BCI (Luiz et al., 2019). 

Aim: Our objective is I) to investigate whether the RG method of feature extraction outperforms CSP 

when applied in real-time; II) to compare the performance of DL models and a ML classifier utilizing TL 

trained across participant’s sessions with the purpose of reducing the need for calibration in offline 

analysis. 

Method: We recorded 17 participants in two sessions while their brain activity was recorded with EEG 

and 32 electrodes. In each session, a different feature extraction method and classifier was used to provide 

visual feedback to the user while they performed two mental tasks: motor imagery, mental subtractions, 

with 50 trials per task and phase. Additionally, two DL models were compared against an ML classifier 

utilizing TL to generalize extracted features across subjects and sessions. 

Results: Our results suggest that the ML pipeline utilizing RG outperforms CSP in the majority of our 

participants, regarding the classification accuracy rate. Furthermore, the combination of our best-

performing classifier with TL significantly increases the performance of the system within participants. 

Discussion and implications: Preliminary results hint to RG as the best performing method of feature 

extraction and points towards more robust ML pipelines. Furthermore, the utilization of TL provides direct 

evidence of the possibility to reduce the duration of calibration phases. 
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Down syndrome (DS) is characterized by several disorders including atypical anatomy, seizures and 

cognitive deficits caused by the trisomy of chromosome 21 (Menghini, Costanzo, & Vicari, 2011). It has 

also been shown that people with DS (PwDS) may be experiencing accelerated aging, leading to early 

onset of dementia and high prevalence of Alzheimer’s disease (Zigman, 2013). Interventions consisting 

of physical and/or cognitive training have been utilized to benefit DS populations (Rimmer, Heller, Wang, 

& Valerio, 2004; Shnitzer-Meirovich, Lifshitz, & Mashal, 2018). Mismatch negativity (MMN) paradigms 

are considered useful techniques for exploring neurological conditions, like cognitive deficits (Näätänen, 

Sussman, Salisbury, & Shafer, 2014). PwDS patients exhibit reduced amplitude or even the absence of 

ΜΜΝ. Our study aims to evaluate the effectiveness of combined cognitive and physical training in 

inducing neuroplastic changes in PwDS via the pre-post changes in an MMN brain activity. The combined 

cognitive and physical training of LLMcare is reported to be beneficial in mild cognitive impairment 

(MCI) (Styliadis, Kartsidis, Paraskevopoulos, Ioannides, & Bamidis, 2015) and has been modified to a 

supervised and specialized cognitive and physical training for PwDS. The participants were 19 PwDS (8 

females, mean age 25.33, S.D. 10.8) and were trained in Specialized Educational Centers (KDAP) for 

three months. The EEG recordings were performed before and after the intervention, with a Nihon-Kohden 

EEG1200 using a 128 active electrodes cap during an MMN paradigm, inside an electrically shielded and 

sound attenuated room. Processing of the EEG data was performed in BESA software. Statistical 

Parametric Mapping (SPM) and BESA Statistics were used to determine differences between the pre-post 

measurements in the source and sensor level, accordingly. The sensor level comparison revealed 

significant differences within pre and post training recordings of MMN at 100ms latency on sensor FC2. 

Our source level results show statistically significant increase in the cortical activations measured 100 ms 

after stimulus onset between pre- and post- training measurements. The increase of the cortical activity 

originated from the left superior temporal gyrus, the left temporal lobe and the inferior frontal gyrus. All 

regions which showed neuroplastic evidence serve complex cognitive functions, including pattern 

identification and speech processing and have been consistently shown to participate in the generation of 

MMN. The later response was absent before the cognitive and physical training. These alterations in the 

cortical activation pattern support our suggestion that the combined cognitive and physical intervention 

can induce positive neuroplastic changes in PwDS. 
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The recognition of emotional facial expressions is an important skill for social development and 

interactions (Niedenthal & Brauer, 2012). Consequently, studies have been carried out to research whether 

this ability could be trained and improved, which would benefit populations that show problems in this 

process (e.g., people diagnosed with schizophrenia, Gaudelus et al., 2016). Most studies, however, focus 

on basic emotions, although they are better recognized than complex emotions (e.g., Fridenson- Hayo et 

al., 2016) therefore more research is needed on the improvement of the recognition of complex facial 

emotions. The present study aims to bridge this gap by exploring whether the recognition of complex 

facial emotions can be improved by using the Differential Outcomes Procedure (DOP). The DOP has 

previously been successfully used to improve the recognition of basic facial emotions (González-

Rodríguez et al., 2020). Additionally, it is also explored whether a possible improvement also generalises 

to the recognition of mental states in the eyes. Thirty-five undergraduate students completed the Reading 

the Mind in the Eyes-revised task (RMITE; Baron-Cohen et al., 2001) before and after another task where 

they labelled the complex social emotion that a face expresses (Desirous, Contemptuous, Brokenhearted, 

Betrayed, Attracted and Affectionate; Benda & Scherf, 2020). This emotion labelling task was applied in 

two sessions a week apart: it featured a block without feedback and a block where participants received 

feedback in either a Differential or a Non-differential condition in the first session depending on their 

group, followed by only a block without feedback in the second session. RMITE data was analysed with 

a mixed model ANOVA, with Group (Differential or non-differential) as between-subject factor and 

Session as within- subject factor, while emotion recognition data was analysed with a mixed model 

ANOVA with Group as a between-subject factor and Session and Emotion as within- subject factors. No 

effect of the outcome group was present in any of the tasks, and there was no effect of Session in RMITE 

data. There was an effect of Session and Emotion in the emotion recognition task; participants showed a 

different pattern in accuracy depending on labelled emotion and improved their accuracy in the labelling 

task after receiving feedback, which was maintained in the second session. These results suggest that the 

recognition of complex emotions can be trained with either differential or non-differential outcomes. 

Unexpectedly, this improvement does not transfer to the recognition of mental states in faces, as measured 

with the RMITE. 
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Numerous metabolic, behavioral, and neurodegenerative disorders are linked to persistent sleep 

disruption [1]. Apnea is one of the most prevalent forms of Behavioral Sleep Disturbances (BSD). Sleep 

Apnea is a syndrome in which respiratory airflow frequently ceases during sleep. There are three types of 

Apnea, including Obstructive Sleep Apnea (OSA), Central Sleep Apnea (CSA), and Mixed Sleep Apnea 

(MSA). Between these, OSA indicates the greatest proportion [2]. Previous studies have demonstrated 

that OSA is linked to abnormal brain structural and functional insufficiencies [5]. As known, 

electroencephalogram (EEG) signals enable us to point out electrical activity in the brain and so identify 

several neurological disorders. The proper analysis of EEG waveform can be a very useful implement to 

detect OSA episodes [2]. A review analysis of Polysomnography (PSG) sleep studies has occurred in order 

to examine the efficiency of previous attempts at EEG examinations. In this research we used the MIT-

BIH Polysomnographic Database, which contains a data collection of 18 records of multiple physiologic 

signals during sleep and an EEG database that will provide data obtained with consideration of sleep stages 

and apnea from male subjects aged 32 to 56, with weight range from 89 to 152 [6]. The PSG test offers a 

track record of efficacy in researching sleep disorders by gathering different physiological data, including 

electrocardiograms (ECG), electroencephalograms, electromyograms (EMG), electro-oculograms (EOG), 

oronasal airflow, ribcage movements, abdominal movements, and oxygen saturation [2,3,4,5]. This study 

develops an algorithm using Machine Learning Techniques (ML) to identify either the person suffers from 

OSA or not, based on the differences of the EEG waveforms between each case. Cepstrum Αnalysis is 

used for the detection of periodicity in a frequency spectrum. The detection of differences in EEG signal’s 

quefrency and amplitude, variables gathered from cepstrum, will differentiate healthy people from people 

with OSA. The methodology focused on the analyzation of the EEG signal and the application of a 

Hamming window filter in the EEG waveform. Through this window we are able to isolate specific 

frequency spacings during sleep. After that, we use the cepstrum analysis to detect the quefrency and the 

amplitude. Our aim is to detect differences both in the amount and the frequency of the signal’s energy in 

OSA patients. As a future work, the ML techniques will classify OSA events. This paper proposes an 

efficient method to distinguish OSA using characteristics of EEG signals and the results will be exhibited 

at the conference. 
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Background: Curiosity – broadly defined as the desire to acquire new information – enhances later 

memory (Gruber et al., 2014). In addition, positive information prediction errors (IPEs) – that is, when 

information is perceived as more interesting than previously expected – can also facilitate later memory 

(Marvin & Shohamy, 2016). Curiosity has been associated with activity within the dopaminergic 

mesolimbic circuit, particularly, in the ventral tegmental area (VTA) and the nucleus accumbens (NAcc; 

Brydevall et al., 2018). Prediction errors have also been linked to mesolimbic activity but furthermore 

suggest a critical role of the anterior cingulate cortex (ACC) and the hippocampus (HPC; Ferdinand & 

Opitz, 2014; Gruber & Ranganath, 2019). 

Objectives: Given that the memory-enhancing effects of curiosity and IPEs differ considerably between 

individuals (Gruber & Ranganath, 2019), the question arises whether this inter-individual variability 

depends on individual differences in intrinsic functional connectivity between brain regions related to 

curiosity and IPEs. 

Methods: To answer this question, 80 participants took part in a trivia paradigm along with a separate 10-

minute resting-state fMRI scan. During the trivia paradigm, participants were presented with trivia 

questions and their associated answers, to which they had previously rated their curiosity. Participants 

were asked to indicate how interesting they found the answer and IPEs were calculated as the difference 

between the interest and the initial curiosity rating (interest – curiosity). Memory of the trivia answers was 

tested in a cued recall 24 hours later and memory enhancements were calculated as recall differences for 

the conditions of curiosity (high curiosity – low curiosity) and IPEs (positive IPEs – negative IPEs). 

Results: Notably, both high curiosity and positive IPEs enhanced memory independently. For the 

relationship between memory enhancements and intrinsic functional connectivity, a double dissociation 

was found. Inter-individual differences in intrinsic VTA-NAcc functional connectivity were associated 

with the magnitude of curiosity-based but not with IPE-related memory enhancements. In contrast, inter- 

individual differences in intrinsic ACC-HPC functional connectivity were associated with the magnitude 

of IPE-driven but not with curiosity-related memory enhancements. 

Conclusions: These findings demonstrate that individual differences in task-independent intrinsic 

functional connections between dopaminergic mesolimbic and cingulo-hippocampal regions account for 

the extent of curiosity-related and IPE-driven memory enhancements, stressing the importance to 

differentiate effects of curiosity and IPEs on learning and memory. Furthermore, these findings suggest 

that the outcome of training interventions that utilise curiosity and IPEs might be determined by the 

strength of intrinsic mesolimbic and cingulo-hippocampal functional connectivity. 
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Physical activity is a very effective non-pharmaceutical treatment which can improve both motor and 

non-motor symptoms and the quality of life of Parkinson’s disease (PD) patients (Paillard, Rolland, & de 

Souto Barreto, 2015). Ιts effects have been poorly explored via network science. This study investigates 

the role of physical exercise training in PD exploring the whole brain architecture and network 

characteristics of PD’s brain in relation to motor and non-motor symptoms. Fourteen PD patients trained 

using the physical module of WebFitForAll (Konstantinidis et al., 2016). A 5-minute long resting-state 

EEG was measured before and after the intervention in conjunction with psychometric and somatometric 

assessments. Phase Transfer Entropy (PTE) (Lobier, Siebenhühner, Palva, & Palva, 2014) was chosen as 

our functional connectivity measure, using an 863 node mask and performing FDR corrected t-test 

statistical comparison to compute the connectivity changes induced by the intervention. We also computed 

network science indices of integration (Global Efficiency, Characteristic Path Length), segregation 

(Cluster Coefficient, Transitivity, Local Efficiency, Modularity), and small-worldness (Sigma, Omega). 

Finally, we regressed the graph theory indices with the scores of somatometric and psychometric tests. 

Our intervention resulted in the emergence of a complex network including connections between the left 

inferior occipital gyrus, the left middle occipital gyrus, the left middle temporal gyrus, the left superior 

temporal gyrus, the right middle frontal gyrus, and the bilateral fusiform gyrus. Graph theory analysis 

revealed an increase of CPL and decreases of GE and TS after the intervention and changes of LCC for 

all the 863 nodes. Regression analysis showed a relation between SPPB total score and GE, CPL, and TS. 

The rewiring of default mode, visual, limbic, frontoparietal, and somatomotor networks, known to have 

disrupted connectivity in PD (Göttlich et al., 2013; Tahmasian et al., 2017; Wu et al., 2011), indicates the 

beneficial role of physical exercise in PD brain network topology. The reorganization of PD brain circuitry 

due to training, as evidenced via the changes of network science indices, reveals a transition from a random 

alike network towards a healthier network architecture. The beneficial nature of this transition is further 

supported by the reported improved motor performance that correlates to the changes in the network 

indexes. The implication is that our intervention can induce a reparative neuroplastic effect which is 

translated to a reversal of PD-related neurocognitive degeneration projecting to 

motor symptomatology. 
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The population around the world continues to grow older and is more likely to experience deterioration 

in physical and cognitive functions, resulting in an inability to live independently [1, 2]. In this context, 

the COVID-19 pandemic challenged the continuation of older adults’ knee Osteoarthritis (OA) 

rehabilitation activities in clinics [3]. The high transmissibility of the virus has forced many governments 

to restrict their population, and as a result, patients in need of knee OA rehabilitation sessions are looking 

for alternatives that guarantee continued treatment [4]. In that vein, the H2020 SHAPES project [5], aims 

to support and extend healthy and independent living for older adults who face permanently or temporarily 

reduced functionality and capabilities. Different pilot themes and use cases are being explored within the 

SHAPES pilot campaign based on the exploitation of a large-scale, EU-standardized open platform that 

will provide a broad range of interoperable technologies to improve health, wellbeing, and independence 

of older adults. Long Lasting Memories (LLM) Care Health and Social Care Ecosystem for Cognitive and 

Physical training [6] is among the use cases focusing on the improvement of independent living and 

healthy ageing of older adults. The use case encompasses a number of different digital technologies, 

among which the MYONABLER@VR will be mainly explored in this study. The use of VR experiences 

has been a common treatment option by many clinicians and caregivers as they offer an enjoyable 

experience combined with physical and mental fitness, however, the rehabilitation at home with VR is 

still in its infancy mainly due to the lack of equipment [7]. We propose a methodology to develop a 

completely wireless VR application with mainstream devices such as Oculus Quest 2 and Myo devices 

that will help patients with knee osteoarthritis to improve their condition. Towards this achievement, we 

have used Unreal Engine 4 and Android Studio. The application is receiving 3 Electromyography sensors 

(EMG) feedback from the patient’s calf through a Myo device that the user wears on the calf of a leg. 

EMG signals are transferred from Myo to Oculus Quest through a developed Android broker. Information 

extraction using EMG sensors about the activated muscle groups in lower limbs is used to help knee OA 

patients understand which muscles should be trained to achieve the same kinetic result while reducing 

knee stress. 
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Background: Attention-Defict/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder that 

affects approximately 6-7% of the child and adolescent population and 5% of the young adult population. 

Children with ADHD may also present with cognitive domain deficits such as problems in working 

memory, delay in information processing and deficits in inhibitory mechanisms. The most common 

treatment is pharmacological, including psychostimulants. The use of medication achieves a reported 

efficiency of 70% to 80%. However, an alternative treatment is the use of the Neurofeedback (NF) 

technique and is increasingly used as a therapy for ADHD. The NF training is a biofeedback method that 

measures real time brain activity and aims to teach the users to regulate their own brain waves as well as 

changing underlying neural mechanisms of cognition and behaviour. NF training may be long lasting for 

treatment to take effect. The use of a Serious Games (SG) is a tool that can facilitate NF training. 

Objectives: In this work we developed an SG as a neurorehabilitation method for children with ADHD 

with the NF approach, that suggests the NF treatment according to the clinical phenotype of ADHD. 

Methods: Appropriate measures of children's progress were selected according to the literature, such as 

score, concentration and attention index. For the implementation of the SG we used the Python 

programming language. We developed a shooting game, in which the player can shoot the enemies when 

he reaches the desired cognitive state. First, the user must register in the game, whether is a patient or 

medical staff. In our game we use EEG datasets. We have a menu, where for each electrode, we can choose 

3 features: PSD for a (8-10Hz), β (15-19Hz) and θ/low β. After we have selected the appropriate settings 

depending on the patient, the user can play the game. The player-spaceship must shoot his enemies when 

he reaches the desired cognitive state to learn how to regulate their own brain waves. 

Results and Conclusions: The goal of the game is to improve the symptoms of children with ADHD for 

a better quality of life through technological solutions as a complementary therapy. Further steps that need 

to be implemented into the game include the use of wireless EEG headset for live data and specifically 

target with appropriate settings to adults with ADHD. 
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Background: Executive functions (EF) are higher cognitive functions that control and regulate lower 

cognitive processes as memory or attention and enable adapted goal-oriented behaviour, emotional and 

motivational regulation, and cognitive functioning (Barkley, 2012). Their healthy interplay is fundamental 

for successful everyday life and autonomy. Deficits in EF are associated with many psychopathological 

and neurological conditions. New EF assessment methods are urgently required to apply new theoretical 

frameworks for more precise EF diagnosing and training. Moreover, the current pandemic situation and 

lockdowns clearly demonstrated the need for telediagnostic tools that would enable remote examination. 

Objectives: In our study we aimed to develop novel EF tests in online environment that systematically 

cover four core components of EF – conflict monitoring, set shifting, inhibition, and working memory 

updating (Friedman & Miyake, 2017), and that apply theoretical concept called dual mechanisms of 

cognitive control (Braver, 2012), whose monitoring brings important information that can provide broader 

insight about one’s executive functioning. 

Methods: OpenSesame software (Mathôt et al., 2012) was used to create our EF test battery in proactive 

and reactive cognitive control mode modification that is applicable for on-line measurements. Ninety-two 

healthy, English speaking participants (71 female, 21 male) in the age range 18-60 (x̄ = 36.7) years were 

measured via the prolific.co platform. We used the Pearson correlation to compare executive functioning 

in everyday life reported in Behaviour Rating Inventory of Executive Function – Adult Version (BRIEF-

A) with the performance in the test battery. In each of our 4 tests we measured reaction times and 

accuracies in both executive conditions (EF demanding vs. no-demanding trials), cognitive control mode 

(proactive vs. reactive), and their interaction. We used between subject ANOVA tests to statistically 

examine differences for each task and performance variable. 

Results: In EF condition we found statistically significant difference between reaction times and 

accuracies in all EF tests. In cognitive control mode we found significant difference mainly in reaction 

times during conflict monitoring, set shifting and inhibition task. In conditions interaction, we found 

significant differences only in conflict monitoring and set shifting task. We found no significant 

correlation in total reaction times and accuracies in EF tests and BRIEF- A global executive composite 

score. 

Conclusions: The EF test battery run in the online environment satisfactorily and made the testing faster 

and more efficient. The measured effects of EF and cognitive control modes are in expected direction, 

more consistent and larger effect sizes are observed in the EF dimension. The association between 

subjective and objective measures proved not to be significant. 
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Background: A Digital Twin (DT) is a virtual replica of a physical object or a system and reflects all of 

its properties. A DT environment allows for rapid analysis and real-time decisions made through accurate 

analytics, running multiple processes at once. Nowadays, DTs have an impact on many different fields. 

Some of them are industry, manufacture, smart cities and healthcare [1]. 

Objectives: In healthcare, the digital twin technology comes to revolutionise the ongoing procedures of 

patients’ treatment procedures and prescriptions. The most common use of a digital twin in healthcare is 

to replicate a certain body organ that may be diseased or not in order to monitor it. The most replicated 

one is the human heart, but a challenging one that has started to be studied is the human brain[2]. 

Methods: This initiative is based on a DT of a brain tumor patient suffering from epileptic seizures. More 

specific based on brain MRIs the patients’ 3D model is created. Following it, with the data that has been 

collected such as tumor’s location, edema’s existence or epileptogenic zone location, machine learning 

algorithms decide what the best possible treatment is. The opportunities that arise with the creation of the 

human brain DT are many, because the medical society will be able to deal even with diseases that drugs 

do not have great impact, such as epilepsy. Besides the many previously undiscovered ways of curing and 

study that a digital brain can offer, there also come more challenges. The ethical challenges for the 

therapist that occur, if the digital twin shows a negative result for a patient and how they should react but 

also the level of authority the creators of the digital twin should have on the abundance of data used for 

the twin's creation, given that they do not have any connection with the patients' doctors. Of course 

technical challenges exist also considering how complicated a human brain is and the nature of the data 

that are used in order to construct the replica[2]. 

Results and conclusions: To conclude, this work highlights the different aspects and opportunities that 

occur by the existence of a human brain DT and take the medical industry one step forward, but 

simultaneously, the challenges arising during this innovative process. 
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The process of stabilization and storage of memories - called consolidation - can be modulated by different 

treatments. Studies have shown that self-regulation of brain activity by Neurofeedback (NF) during 

consolidation can change memory stabilization (Reiner et al., 2014). Although some studies have successfully 

modulated the consolidation stage by traditional NF, they do not consider the unique and complex 

neurodynamic underlying learning and memory processes in different individuals. In this context, the main 

objective of the present study is to investigate the effects of a Subject-Dependent NF, based on individual 

models created from the brain activity of each participant, on long-term declarative memories. 

For this purpose, an experimental protocol of 3 sessions was implemented. In the first session, participants 

were instructed to observe and learn images of faces and houses on a screen while the brain activity was 

collected using EEG. From the EEG information, the most relevant features related to the learning of stimuli 

were extracted using the Common Spatial Patterns method. Subsequently, a classification model capable of 

discriminating the brain patterns associated with the learning of faces and houses was created for each subject 

using machine learning techniques. Then, participants were randomly assigned to one of two groups. The first 

group (FACE group) was exposed to NF training to upregulate the brain activity associated with faces. In 

contrast, the second group (HOUSE group) was instructed to upregulate the brain patterns associated with 

houses. The NF training lasted 30 minutes, and 64 electrodes distributed over the scalp were used. In the second 

and third sessions, 24 hours and seven days later, memory was evaluated through an old-new recognition task. 

During the task, subjects were asked to classify as "old" or "new" images seen or not seen in the first session, 

respectively. Correct responses were calculated for each session. Our preliminary results show that 1) 

participants can modulate, by Subject-Dependent NF training, the classification levels obtained by the 

individual classifier, and 2) memory associated with trained brain patterns had a lower score compared to the 

memory associated with untrained brain patterns, as observed 24 hours and seven days after NF training. In 

conclusion, this study demonstrates that Subject-Dependent NF can modulate the consolidation of specific 

declarative memories. In this context, this technique could have important implications in the clinical area. This 

method could potentially help change declarative memories' strength in neuropsychiatric disorders in which 

memories are pathologically exacerbated. 
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Hypotheses regarding the human cerebellar function have undergone recent revisions to consider that 

the cerebellum plays a role in sensory processes (Baumann et al., 2015). It is now a matter of debate how 

the cerebellum contributes to sensory processing and perception 

in various domains. Despite the growing body of evidence supporting such a cerebellar role, our 

understanding of the precise manner in which visual and auditory, and other sensory information are 

integrated in the human cerebellum remains limited. Multisensory integration is critical in the perception 

of everyday life events as well as several cognitive and social domains. To address this issue, we used 

magnetoencephalography (MEG) to monitor neural activity within the cerebellum of 15 musicians (mean 

age: 25.66±2.76 years; 7 males, mean musical training: 18.06±4.76 years) and 15 non- musicians (mean 

age:26.46±2.82 years; 9 males; no formal musical education apart from compulsory school lessons). The 

participants were engaged in a modification of the multifeatured oddball paradigm incorporating, within 

one run, deviants based on a multisensory audiovisual incongruent condition and two unisensory mismatch 

conditions: a visual and an auditory one (Paraskevopoulos, Kuchenbuch, Herholz, & Pantev, 2012). 

Incongruencies were elicited when violating the rule: “the higher the pitch of the tone, the higher the 

position of the circle”. Current density reconstructions were calculated for each subject and each stimulus 

category in 1-30 Hz for a predefined time window of the evoked response (130-170 ms) using the low-

resolution brain electromagnetic tomography (LORETA) method (Pascual-Marqui, Michel, & Lehmann, 

1994). LORETA has been previously used to map the mismatch negativity (MMN) (Marco-Pallarés, Grau, 

& Ruffini, 2005; Waberski et al., 2001). The appropriate time window was the same as a previous study 

on the same dataset that focused on the cerebral generators of the audiovisual incongruency response of 

interest (Paraskevopoulos et al., 2012). Results indicated that the audiovisual incongruency response 

differed between the two groups in vermal and left hemispheric lobule VI activity, while the auditory 

mismatch response differed between the two groups in right hemispheric VI and left hemispheric Crus I 

activity. The between- group difference for processing the visual mismatch was generated in right 

hemispheric VI. The group comparison indicated that musicians and non-musicians differ in vermis VI 

and hemispheric X activity. To summarize, we argue that long-term musical training generates changes in 

cerebellar lobules that modulate the multisensory incongruency response as well as the unisensory 

auditory and visual mismatch responses. 
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Anhedonia, the inability to experience pleasure, is a dysregulation of the reward circuit and a hallmark 

symptom of major depressive disorder (MDD). Feedback on own performance can signify self-concept 

and is of particular relevance for depression. Brain responses to feedback can be measured with 

electroencephalography (EEG). The feedback-related negativity (FRN) is a negative deflection in the 

event-related potential that peaks about 200-300 msec after feedback delivery [1]. FRN differentiates 

outcomes indicating monetary losses versus gains [2]. The amplitude of the FRN can be modulated by 

depressive symptoms: a reduced FRN is associated with more severe depressive symptoms [3] and low 

hedonic capacity [4]. We investigated the influence of anhedonia severity on effective connectivity 

measures of feedback processing in major depressive disorder using EEG. Data were obtained from 

patients with MDD (PwMDD) and matched, in terms of age and gender, healthy counterparts (HC) who 

participated in the RTOC project [5]. Our sample comprised 40 PwMDD (30 females; mean age: 34±9.8; 

mean QUIDs [6]: 10.57±6.53; mean SHAPS total [7]: 30.77±8.38) and 41 HC (28 females; mean age: 

34.15±9.74; mean QUIDs:1.66±1.3; mean SHAPS total:19.9±4.97). We employed the popular Doors task 

[8] to assess FRN. Participants were presented with a total of 60 trials depicting an image of two doors 

and asked to select one; feedback indicating either monetary gain or loss was subsequently delivered for 

2 sec for a win/loss ratio of exactly 50%. EEG activity was recorded using a 64-channel ANT Neuro 

eego™sports System at a sampling rate of 2048 Hz. Stimulus-locked FRN was defined as the loss-gain 

activity. We compared the between- group FRN responses and performed statistical analysis of brain 

functionality with site, age, and gender as covariates, assessing differences in source-based effective 

connectivity in 1-30 Hz for a 0- 0.5 sec time window. Only significant connections corresponding to an 

effect size greater than 0.3 at a threshold of p<0.05 were maintained. The between-group loss-gain network 

involved widespread connections directed primarily from inferior & superior frontal regions to middle & 

superior temporal and frontal, pre & post-central, and inferior & posteromedial parietal regions. Post hoc 

analysis attributed the aforementioned connections to significant differences between loss and gain within 

MDD. Greater differences in loss-gain connectivity involved mainly the cuneus, precuneus, and anterior 

cingulate which have consistently been reported to be dysregulated due to anhedonia and depression [9], 

[10]. Our findings reflect altered cortical effective communication in patients with MDD during feedback 

processing. 
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Gliomas are aggressive cerebral neoplasms requiring multidisciplinary treatment. Maximal safe 

resection represents the mainstay of their care (Weller et al., 2021). 

While surgeons distinguish tumor from adjacent brain intraoperatively using both touch and vision, total 

resection cannot be easily achieved relying only on subjective perception. Although various methods for 

the improvement of tumor visualization are already in clinical use (Stummer et al., 2006), differences in 

‘texture’ between brain and glioma are still empirical and unexploited. In order to reliably utilize 

differences in consistency, the quantitative measurement of the mechanical properties of tissues is 

required. The objective of this work is to analyze the various approaches for the quantitative determination 

of glioma mechanical properties from the microscale to the macroscale and to discuss the respective 

methods used in terms of their principles and potential. Atomic force microscope (AFM) nanoindentation 

(Burnham & Colton, 1989) and elastography (Sarvazyan et al., 2011) are among the methods used to 

determine glioma mechanical properties. AFM, a scanning probe microscope, can achieve both the 

imaging of the sample surface topology and the quantitative assessment of the sample mechanical 

properties at the nano/microscale. It is widely used for the investigation of tumor cells (in vitro) and tissues 

(ex vivo). Using AFM nanoindentation, SNB-19 glioma cells were found stiffer than normal ones (Smith 

et al., 2014). Further, necrotic glioblastoma tissues were found homogeneously soft, in contrast to 

inhomogeneous non-necrotic ones with a wide range of elasticity (Ciasca et al., 2016). Moreover, IDH1-

R132H mutant and lower grade gliomas were found softer than wild type and higher grade ones 

(Miroshnikova et al., 2016). Upscaling to the macroscale, elastography maps tissue elasticity in vivo by 

recording tissue response to a mechanical disturbance. It is performed using either an ultrasound system 

intraoperatively or magnetic resonance imaging preoperatively. In contrast to AFM nanoindentation, 

elastographic studies found that IDH1-R132H mutation and lower grade were associated with stiffer 

glioma tissue (Chauvet et al., 2016; Pepin et al., 2018), illustrating the differences between the two 

investigation approaches. Although many questions remain open, research of glioma mechanical 

properties has already shown initial encouraging results (Tsitlakidis et al., 2021). Additional research is 

expected to elucidate obscure aspects of glioma oncogenesis and progression. In parallel, clinical tools, 

like elastography, have already made their first steps. Further applications implementing tumor 

biomechanics could provide novel solutions, contributing to more efficient glioma diagnosis and therapy. 

 

Keywords: glioma, elasticity, magnetic resonance elastography, ultrasound elastography, atomic force 
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Background: Wearable robotics medical device power supply should be autonomous and unobtrusive; 

meaning no power cables so the use of a battery pack is required. Safety measures of battery operation are 

vitally important for patient. Finally, the weight and size of the battery pack must be small to allow 

wearability and patient comfort. 

Objectives: To build a modular power supply for the NeuroSuitUp platform. A micro controller unit will 

be in charge of battery operation and sensors will monitor voltage, current, and temperature of each 

individual battery cell. It can additionally provide information such as state of charge, and state of health 

of all cells [1]. Moreover, it is extremely important that the battery pack has circuits to protect all cells 

from over-voltage, under-voltage and short circuit conditions, and circuits for balancing each cell capacity. 

Methods: The jacket has a numerous devices attached, including ten Electromyography (EMG) sensors 

with voltage requirements of 5V and six Inertial Measurement Units (IMUs) with approximate voltage 

requirements of 1.95V - 3.6V. Furthermore, it has three Arduino devices that process all data from the 

sensors, needing 5V each. There will be also a portable computer (Jetson Nano) for complete onboard 

control, requiring 5V to operate. As a result, battery pack will need at least two voltage outputs. One is 

the 5 volts and other is approximately 3 volts. There will be a third output at 12 volts for adding some 

more powerful sensors in the future. The EMGs, IMUs and Arduinos consume less than 0.1A. Instead, the 

portable computer consumes maximum of 2A. The jacket is designed to work for maximum two hours. 

Therefore, a battery pack of minimum 3000mAh is needed. The battery pack will be divided to modules, 

which have a predetermined capacity. There will be a possibility to connect more battery modules in 

parallel to increase the total capacity of the pack. 

Discussion: Identifying power requirements of the jacket can assist creating suitable modularity, while 

providing safety and efficiency. In this scale choosing the right type of battery cell is crucial for the 

required and reduced size and weight, while modularity can be increased by using adjustable voltage 

outputs managed by the micro controller. Selecting reliable precise algorithms can increase efficiency. 

The battery pack design can vary for wearable neural rehabilitation devices. 

 

Keywords: Battery pack, Modular power supply, wearable robotics, neural rehabilitation 

 

Acknowledgments  

This research is co-financed by Greece and the European Union (European Social Fund- ESF) through the 

Operational Programme «Human Resources Development, Education and Lifelong Learning 2014- 2020» 

in the context of the project "NeuroSuitUp" (MIS 5047840). 

The research project was supported by the Hellenic Foundation for Research and Innovation (H.F.R.I.) 

under the “2nd Call for H.F.R.I. Research Projects to support Faculty Members & Researchers” (Project 

Number: 4391). 

The authors thank EUROSPINE Task Force Research for a 2019 Development Grant awarded for network 

and capacity building. 

155



 

 

 

References 

 

1. C. Chen et al., “Design and Realization of a Smart Battery Management System,” Proceedings 

of the International Multi Conference of Engineers and Computer Scientists 2012 Vol 

II,IMECS 2012 

  

156



Neuroplastic effects of Multisensory vs. Unisensory training on  

n400 
 

Evangelos Paraskevopoulos1, Nikolas Chalas2, Maria Karagianni3, Vasileia Petronikolou3, 

Panagiotis Bamidis3 

 

1. Department of Psychology, University of Cyprus, Nicosia, Cypru.s 

2. Institute for Biomagnetism and Biosignalanalysis, University of Muenster, Muenster, Germany. 

3. School of Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki, 

Thessaloniki, Greece. 

 

The multisensory nature of our world, dictates the constant need of our perceptual system to solve the 

binding problem (Senkowski et al., 2008): Which stimuli need to be integrated into a unified percept and 

which should be processed as independent? The physical properties of the stimuli, such as temporal 

proximity (Powers et al., 2009), our prior knowledge expressed via a Bayesian inference mechanism of 

our perceptual system (Rohe et al., 2019) or our ability to attribute meaning on the integrated percept 

ground this decision (Chalas et al., 2022). Here, we focused on how multi- vs. uni- sensory learning affects 

our ability to attribute semantic annotation to audiovisual symbols. We used a multisensory mismatch 

paradigm to measure high-density EEG responses to congruent or incongruent combinations of auditory 

and visual stimuli on 30 subjects. Subsequently, the subjects were divided in two groups: one receiving 

20 sessions of audiovisual integration training based on a computer-provided serious game that grounds 

on music reading (Paraskevopoulos et al., 2021), and one on a similar training that provides simultaneous 

auditory and visual stimulation but does not employ multisensory integration. After the completion of 20 

sessions of training, cortical responses were again measured via EEG. A statistical analysis of the ERP 

responses at the sensor level indicated that multisensory learning, as provided by music reading training, 

and uni- sensory learning differentially affect the cognitive skill of semantic annotation indexed by the 

ERP n400 (Lau et al., 2008). LORETA was used for the inverse solution in the time-windows of 330-390 

and 404-515ms after the onset of the stimulus, defined by the significant effect on the pre-training sensor 

level analysis. A non-parametric statistical analysis of each subject’s, each condition’s, and each 

timepoint’s inverse solution via a 2x2x2 mixed model approach showed that the differential neuroplastic 

effect was localized on the activity of the left medial temporal gyrus and the left intraparietal lobule in the 

time-window of 330-390ms and the right prefrontal cortex in the time-window of 404-515ms after 

stimulus onset. These regions are known for their contribution in n400 and semantic processing in 

language (Kutas & Federmeier, 2011). Current results indicate that computerized music reading training 

may induce a significant neuroplastic effect on the cortical regions supporting our ability to cognitively 

dissociate a meaningful multisensory stimulus from a one that does not entail a semantic annotation in the 

combination of the auditory and visual part of the stimulus. 
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Background: The prevalence of neurodegenerative disorders, including Alzheimer's and Parkinson's 

disease is growing. COVID-19 pandemic highlighted the need for telemedicine for the vulnerable 

population with chronic diseases. Residents of remote areas have limited access to specialized healthcare, 

due to understaffed peripheral health centers. Primary care physicians and neurology residents in the 

periphery do not usually receive specialized education on diagnosis, neuropsychological assessment and 

management of patients with neurodegenerative diseases. In Greece, the perspectives of healthcare 

professionals on the role of tele-neurology in medical education is unknown. 

Objectives: Our aim was to investigate the views of healthcare professionals in the Aegean islands with 

telemedicine on neurodegenerative disorders provided by a University Outpatient Clinic. 

Methods: Data were derived from the “Outpatient University Clinic of Memory, Dementia and 

Parkinson’s disease through the National Telemedicine Network”, during 03/2021-12/2021. Telemedicine 

(video-based) visits were conducted by neurologists, psychiatrists and neuropsychologists specialized in 

cognitive and movement disorders. Satisfaction questionnaires [10 questions from 0 (not at all) to 4 

(extremely)] and open-ended questions for comments about potential benefits and challenges of 

telemedicine were anonymously filled by healthcare professionals who participated in the telemedicine 

examination. 

Results: Of a total of 30 initial telemedicine examinations, we received 11 questionnaires from healthcare 

professionals. Average general satisfaction was 3.4/4. Most participants mentioned increased accessibility 

to specialized healthcare (3.7±0.6), comfort (3.6±0.7), reduced transportations (3.5±1), cost (3.8±0.6), 

adequate follow-up (3.2±0.9), reliable medical assessment (3.4±0.6), effective information delivery 

(3.4±0.8), general improvement of health (3.2±0.9), and future selection of telemedicine (3.7±0.6). 

Neurology residents mentioned the opportunity to be trained on the detailed and specialized 

neuropsychological and neurological assessment of atypical cases with cognitive impairment, given the 

lack of such education in their region. 

Conclusions: This pilot study shows that most healthcare professionals are satisfied with telemedicine in 

the Aegean islands, highlighting also the positive views of neurology residents on the opportunity for 

gaining neurological and neuropsychological clinical skills. However, the low questionnaire retention rate 

is an important limitation that could be possibly explained by the increased overall workload of the 

healthcare professionals of the periphery. Nevertheless, apart from the benefits of telemedicine in 

improving access to appropriate healthcare, this evidence supports its potential for specialized medical 

education in neurology and neuropsychology, by observing the specialized neurologists, psychiatrists 

neuropsychologists assessing the patients remotely, and potentially via the organization of short online 

learning courses. 
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Background: Tolerance of CA3 hippocampal neurons to ischemia has been well documented in the 

literature. Although still under investigation, the underlying mechanism seems to involve hamartin, the 

product of the tuberous sclerosis complex 1 gene (TSC1). Hamartin exerts its neuroprotective role in these 

cells by inducing productive autophagy through anmTORC1-dependent mechanism. 

Objectives: To establish whether hamartin has the potential to provide endogenous ischemia resistance 

to cortical also neurons. 

Methods: Transient (90 min) Middle Cerebral Artery (MCA) ischemia is inflicted on male Wistar rats 

using the intraluminal filament model. Animals overexpressing hamartin within their somatosensory 

cortex are compared to wild type controls using both behavioural tests (cylinder and adhesive tape removal 

tests) as well as pathology examination of the affected cortical region. Of note, hamartin overexpression 

is achieved through the stereotactic injection of an appropriately engineered viral vector which has been 

constructed in our laboratory. 

Results: Standard behavioural tests have been conducted after transient MCA ischemia in 8 animals 

overexpressing hamartin and the results were compared to those of 8 wild type rats. Hamartin 

overexpressing animals were found to perform better in all tests. More specifically, they had decreased 

asymmetry score in the cylinder test and removed the adhesive tape in quicker time intervals. Mortality 

rate was 12,5% in the hamartin group, whereas in the wild type rats it was 37,5%. 

Conclusions: Our preliminary results support the notion that hamartin enhances cortical neurons tolerance 

to ischemic insults. Although further experiments and analysis are needed to confirm these initial findings, 

hamartin poses as an obvious therapeutic target for future research. 
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Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system, 

with unknown to date etiopathogenesis and one of the most common non-traumatic causes of neurological 

disability in young and middle-aged individuals. Cognitive decline is a debilitating and widespread 

comorbidity of MS affecting up to 65 percent of patients with MS (PwMS) (Chiaravalloti & DeLuca, 

2008). Cognitive changes can be the only behavioral index of MS activity (Benedict et al., 2014). But how 

accurately and timely can these be captured? The existing clinical tools are subjective and do not have the 

dynamic of prognosis. Not knowing the exact mechanism(s) causing cognitive impairment in MS has 

slowed down the development of novel and potent therapies, particularly those targeting cognitive 

preservation or improvement. It remains uncertain how much change in cognitive status is required to 

translate into a meaningful clinical outcome and how long it may subsequently take to become apparent. 

It is not unreasonable to presume that as declines are not overtly apparent at earlier stages of the disease 

and can remain untreated, improvements may be readily evident clinically long time post-intervention and 

therefore missed or not get fully exploited. This is unsurprising and highlights the need for a parallel 

approach to cognitive interventions so as to capture MS-related cognitive function via real-world 

assessment. MS-NEUROPLAST includes non-invasive electroencephalography recordings, psychometric 

and somatometric tests, unobtrusive ecologically valid measures of daily activities and cognitive training 

via the BrainHQ brain-training program. There are no medications or invasive procedures involved. MS-

NEUROPLAST goes beyond traditional domains of the care continuum and significantly enhances the 

clinical domain of PwMS with patient-generated data, such as physical activity data (steps, walking 

speed), heart rate, oxygen saturation, and sleep quality features collected using wearable devices. MS-

NEUROPLAST’s originality is the use of patient-generated health data to translate functional health status 

changes to clinically and neurophysiological meaningful changes related to cognitive status, as well as the 

protective neuroplastic reorganization of large-scale cortical networks that cognitive training can 

potentially trigger. The course of MS is presumed to be the net result of disease burden and compensatory 

capacity. The identification of what is beneficial plasticity and by contrast what is maladaptive 

reorganization in combination with elements of daily functional status can be a game-changer in 

developing therapeutic strategies able to promote the individual reparative capacity. This trial is registered 

with ClinicalTrials.gov Identifier NCT04806568  
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Background: Neurofeedback (NF) has successfully been employed transdiagnostically, and 

demonstrated promising clinical applicability. Especially EEG-based Frontal-Midline Theta (FM Theta) 

NF has been shown to improve executive functioning (EF) in healthy, AD, and ADHD populations1–3. 

Theta oscillation is hypothesized to be the working language of EFs and is essential for adequate task 

performance4. Since NF is based on learning mechanisms (e.g., operant conditioning), which are 

moderated by structural and functional neuroplasticity changes5, combining it with a bottom- up 

neuroplasticity enhancing agent (e.g., psilocybin6,7) might improve efficacy and long-term outcome. 

Therefore, this study introduces an innovative approach, by combining NF with a microdose of psilocybin 

containing truffles. 

Objectives: This proof of principle study assesses the following: (i) Does EEG-based, psilocybin- assisted 

Neurofeedback (PANF) increase FM theta after three training sessions? (ii) Does PANF increase EF task 

performance?, and (iii) Are three sessions of PANF non-inferior to eight sessions of classical NF in terms 

of FM theta increase? 

Methods: This study compares 15 healthy participants who microdose (0.5-2g) fresh psilocybin 

containing truffles every other day for two weeks, in combination with three sessions of FM theta NF, 

against 15 participants in a waiting-list passive control group. The experimental group receives three NF 

sessions during the throughout the second microdosing week. Simultaneously, FM theta amplitude 

changes are measured using the electrodes Fz, FC1, FC2, FCz, and Cz. Additionally, a neurocognitive test 

battery pre- and post-treatment will assess the four core EFs: conflict monitoring (Stroop task), response 

inhibition (Stop-signal task), set-shifting (Switching task), and working memory updating (N- back task). 

Additionally, between-session FM theta upregulation will be compared between 3 PANF sessions and 8 

classical NF sessions following a similar protocol, which were obtained in a previous study of this research 

group. 

Results & Conclusion: At the time of submitting this abstract, data collection is still ongoing, but will be 

completed by the time of the conference. Results and conclusion will be presented on the corresponding 

poster presentation. We expect however, that PANF (i) increases FM theta upregulation, which (ii) is 

reflected in better EFs task performance in comparison to waitlist control, and (iii) is non- inferior or even 

superior to eight sessions of classical FM theta NF. This would demonstrate that neuromodulator 

techniques could benefit from plasticity enhancing priming using psychedelics. 
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Background: Surface Electromyography (sEMG) is a non-invasive technique to determine the muscle 

activity of a muscle group with the use of dermal electrodes that are fitted along the belly of the muscle. 

The electrodes are recording electrical fluctuations that are present to the muscle due to the summation of 

the action potentials of the muscle fibers. Machine learning (ML) is a useful tool to classify big amounts 

of data in a quick and automated manner and as a technique ML has been recently used to classify sEMG 

signals (Subasi et al.). A muscle state machine (MSM) is an abstract model of the functionality of the 

muscle, allowing us to consider the muscle as having different unique states that are not connected to one 

another, for use in a classification algorithm, such as a Convolutional Neural Network (CNN). ML 

classification has been implemented in tasks of hand gesture recognition and determining the condition of 

the patient, in neuromuscular disorders and is reported to offer very promising result in terms of accuracy 

and computational speed. 

Objectives: In the context of NeuroSuitUp and HEROES research projects, the present work aims to 

create a classification MSM tool with the use of ML techniques and testing the accuracy of said tool. Also, 

it aims at the quantification of the muscle contraction through the sEMG signal. 

Methods: Using the NeXus-10 device, we acquired data from 20 Subjects (10 male, 10 female, mean age 

27 y.o.). SEMG measurements were taken from the bicep and tricep muscles of both hands. The tasks 

used were 20 non-isometric contractions without weight, a continuous maximum isometric contraction 

held for 10 seconds and finally repeated contracting the muscle until muscle fatigue is induced with 1.5kg 

weight (until task failure). Data labeling was done manually, the features extracted were power spectral 

density (PSD) and medial frequency (MDF) of the recorded signal and processed with a CNN. The 

implementation was done in Python. The signal was then classified in three general states of muscle 

activity: calm state, contracted state (with percentage of contraction quantification), fatigued state. 

Discussion: The goal of the ML classifying tool is to determine the state of the muscle activity of a patient 

during the rehabilitation process in neurological conditions such as spinal cord injury and stroke. The 

output can be used for guiding the rehabilitation process and the support of the patient through wearable 

robotics and individualized muscle stimulation through electrical muscle stimulation (EMS). Further work 

will implement the MSM tool in the control scheme of the wearable robotics. 
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Background: Smoking constitutes a leading cause of premature death and preventable morbidity [1]. The 

motivation of smokers to quit smoking was early reported as an important factor, among others, that could 

predict or modulate the possibility of a successful quitting attempt [2]–[4]. Previous studies investigating 

gender as a possible modulating factor that could affect the smoking cessation process, significant 

differences were found regarding the contemplation stage of change, the number of attempts, degree of 

nicotine dependence, and motivation to quit smoking [5]–[7]. As health-related concern was found to be 

a motivating factor for smokers to quit, coronavirus disease (COVID-19) pandemic may have affected the 

smokers’ motivation towards smoking cessation. 

Objectives: We aimed to explore possible differences in motivation to quit smoking between female and 

male smokers during the first wave of COVID-19 pandemic in Greece. Furthermore, gender-related 

changes in internal and external motivation were investigated. Finally, we explored whether COVID-19 

pandemic affected motivation to quit smoking comparing female and male smokers. 

Methods: A self-reported questionnaire structured in three parts was electronically administered. All the 

answers were required for the questionnaire form to be submitted. One hundred and five smokers (63 

males; 42 females) participated in the study. 

Results and Conclusions: Increased daily consumption of cigarettes was supported by medium evidence 

in male smokers compared to female smokers. Although female smokers were characterized by a tendency 

to show stronger motivation compared to male smokers, weak evidence suggested that there were group 

differences in total and internal motivation to quit smoking. However, female smokers tended to show 

higher external motivation compared to males. Although males were found to be 2.11 times more 

concerned about their health compared to females, weak evidence concluded that there was an association 

between gender and increased health concerns. During the COVID-19 pandemic, the possibility to 

increase the amount of smoking was 3.82 times significantly greater in women than in men. In the era of 

worldwide healthcare landscape changes due to COVID-19, insight of the effect of pandemics to 

motivation to quit smoking may help to design more successful cessation strategies and policies. 
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