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Welcome everybody
Im lidia gomori, 5th year medical student, also kind of a young researcher in the department of anatomy histology and embryology, and to mention my connection to neurotech eu im member of the student council. I’d like to thank my supervisor, Peter for the invitation to give this talk about neurotechnology in rehabilitaion.
In my presentation i will talk about novel approaches and technologycal directions in neurorehabilitation and two interesting systems that aim to promote neurorehabilitation.



Neurotechnology focuses on the
realization of a broad set of
methods, concepts, artificial
systems and technologies that
aim to understand, interact with,
repair, enhance, and directly
influence the brain and
behaviour. In other words:
technology from the
brain, for the brain and with the
brain.

Neurorehabilitation is a complex
and highly specialised clinical
process that is used to restore,
minimise and/or compensate for
functional alterations in
individuals affected by disability
caused by an injury to the
nervous system.

BASIC CONCEPTS
Neurotechnology Neurorehabilitation
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Fist of all we should clarify 2 basic concepts
The first one is neurotechnology
As we heard in peters presentation neurotech eu defined neurotechnology as technology from the brain for the brain with the brain
So basically every discipline can play a role in this game that has some connections to either technology or neuroscience…but most likely both of them. We could also hear about the 8 dimensions of neurotechnology, and neurorehabilitaton is something that interestingly covers almost all of the 8 dimensions. It strongly depends on this interdisciplinary vision and relies on finding the optimal connection points between these areas.
Neurorehabilitation is a complex and highly specialised clinical process that is used to restore, minimise and/or compensate for functional alterations in individuals affected by disability caused by an injury to the nervous system.




NEUROLOGICAL REHABILITATION

Intellectual or emotional impairments
Sensory or MOTOR impairments

NEUROLOGICAL 
IMPAIRMENT

Central nervous system
Vs
Peripheral nervous system

NEUROLOGICAL 
RECOVERY

AIMS OF 
REHABILITATION

Loss of functions, 
partial recovery
Social burden

DISABILITY AND 
HANDICAP

• To prevent complications.
• To promote intrinsic recovery.
• To teach adaptive strategies.
• To facilitate function in the

patient’s normal environment.
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A patient who undergoes neurorehabilitation can have any kind of impairment that is associated with the disfunction of the nervous system: such as intellectual or emotial impairments, but on phisycal side, sensory and MOTOR impairments. We will focus on the last one from now since this is the most problematic symptom when talking about neurological problems. This is something that unavoidably affects the quality of life of a patient.
Neurological recovery is different in the central and the peripheral nervous system. Long story short: the peripheral nervous sytem is more likely to regenerate, the central nervous system is much less capable of any regenerative processes, although if reinnervation of certain muscles are also required in the process, theres a low chance that the innervation pattern will stay the same. Therefore this will require some adaptive changes in the central nervous system as well, where most of the functional regenerative processes happen through plasticity. We will talk about this later. But we have to understand that the progress of rehabilitation, regardless of which area is affected requires the continous and active involvement of the whole nervous system, and even the whole body.
Neurologycal recovery is usually only partial, if anything can be achieved at all. Loss of neural functions can lead to disability and handicap, which not only affects the patient but the whole family, and it also means a huge social burden, since handicapped people are more frequently unemployed, and the infrastructure overall needs to be prepared to help integrating these patients to society.
Rehabilitation covers all activities aimed at this. To prevent the direct complications of the neurologycal lesions, to promote intrinsic recovery, teaching adaptive strategies, and to facilitate function in the patients normal environment.



WHAT CONDITIONS CAN BENEFIT FROM 
NEUROLOGICAL REHAB?

STROKE

INFECTION

STRUCTURAL
DISORDERS

TRAUMA NEURODEGENERATIVE 
DISEASES

MULTIPLE 
SCLEROSIS

SPINAL CORD 
INJURY

NEURO-
MUSCULAR
DISORDERS
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Lack of blood supply due to vascular obstruction, bleeding, or hypoperfusion
-> serious brain damage -> motor impairments

• Usually only affects one hemisphere
• But can also cause complete paralysis
• Spasticity
• Pain, difficulty moving, unintended movements, and other problems

Difficulty with movement can lead to many challenges. Stroke survivors might not be able to work or 
enjoy their favorite sports or hobbies. They might need help from friends and family, and they may have 
financial trouble from lost work and the costs of treatment and care. Some stroke survivors are 
uncomfortable being in public because they think people will tease them about their disabilities.

What happens in the brain when a 
person has a stroke?



Location-based symptoms

• Diverse clinical
presentation

• Need for
personalized therapy

• Successful
rehabilitation requires
multidisciplinary
approach



COMPLEX 
INNOVATIVE 
APPROACH FOR 
POST-STROKE 
MOTOR 
REHABILITATION

Előadó
Bemutató megjegyzései
In the last one or two decades, the technologycal development and the need for these solutions initiated a major development in the post stroke rehabilitation. More and more techniques and devices appear on the market that aim to restore the ultimate ability of movement after this unfortunate event, and give patients a better quality of life. and these novel approaches differ from the conventional therapies in not only using for example physiotherapy on its own but combining elements of every discipline that can contribute to this process



• ROBOTICS AND 
EXOSKELETONS

• NON-INVASIVE STIMULATION

• VIRTUAL REALITY

• NEURAL INTERFACES

NOVEL TECHNOLOGICAL DIRECTIONS 
IN NEUROREHABILITATION



ROBOTICS
Robotic rehabilitation therapy offers highly

controlled, repetitive and intensive training.

It reduces the physical burden for the

physiotherapist, and provides objective and

quantitative assessments of patients’

progress throughout the rehabilitation

process.
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Gait rehabilitation robots

This innovative rehabilitation practice makes it easier to create intensively repetitive, individually adaptive, and easily measurable physical training sessions. Essentially using key elements of motor skill training, the robots can be programmed to repeat actions with a specific target so that the patient can relearn a range of movements.​

Intensive motor training with robotic devices for patients recovering from stroke will become increasingly available in rehabilitation centers. As more patients have access to treatment that improves their quality of life at a lower aggregate cost, savings in healthcare will free up resources for other critical areas. In the meantime, more research and clinical studies are needed to further corroborate the positive results of robotic devices used in rehabilitation. 



EXOSKELETONS
• Exoskeletons are “wearable” systems

that consist of a mechanical structure,
electric motors, sensors, a computer and
batteries.

• active participation required by the user
• synergy with the user
• possibility of being used as an assistive

device at home
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Portable exoskeletons are becoming a revolutionary device for gait rehabilitation, due both to the active participation required by the user which promotes their physical activity, and to the possibility of being used as an assistive device at home. Exoskeletons are “wearable” systems that consist of a mechanical structure, electric motors, sensors, a computer and batteries. In general, the operating principle of an exoskeleton for gait rehabilitation is based on the information captured by sensors and advanced algorithms; the computer detects the user's intention to take a step. Once detected, the computer plans the type of movement that the exoskeleton must carry out to take the step and sends this information to the motors, which are responsible for executing this movement in synergy with the user. 



NON-INVASIVE 
BRAIN STIMULATION
The brain is a dynamic organ that is
sensitive to internal and external
environmental changes. In recent years,
neuroscience has gained a better
understanding of these mechanisms of
neural plasticity.
Transcranial magnetic stimulation (TMS)
and electrical brain stimulation are non-
invasive techniques which allow us to
modulate some of these neural changes in
a safe and painless way. They can be
combined with other techniques to
improve their effectiveness.



VIRTUAL REALITY
and Augmented Reality

Virtual reality is a useful cutting-edge tool
that can assess virtual scenarios that can be
used for motor rehabilitation and intervene
in them. Thanks to accelerometers and
inertial trackers, virtual reality devices can
detect the user's orientation with a high
level of precision.
Virtual reality is, therefore, a field of
innovation and translational research
applied to clinical practice, which, when
correctly used, configured and supervised
by professionals, contributes to the
patient’s recovery.
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VR provides a safe, controlled environment for performing customizable, engaging rehabilitation activities that promote learning of motor skills [116]. Furthermore, because VR is fun and enjoyable, it motivates children to participate in the rehabilitation interventions [117]. The therapeutic effect of VR can be easily combined with computer-assisted cinematic analysis of motor deficits after brain lesions [118]. This allows for a reliable documentation of the degree of motor impairment in brain-injured patients undergoing rehabilitation therapy. Because the virtual environments are highly interactive, they strongly activate visual, vestibular, and proprioceptive systems during the execution of a virtual task, such as playing a video game. Immersion into the game can be achieved using head-mounted displays [119], which are accessible for all segments of the population at a relatively low cost and can be used for rehabilitation even in a typical home environment [120].
The main therapeutic effect of VR on upper limb motor activity is to increase the active range of motion (AROM) of the shoulder, elbow, and wrist [121,122]. 
Brain injuries that affect motor cortex areas innervating the lower limb may result in impairments in the gait, maintenance and adaptation of balance, or postural control for a range of activities of daily living [125]. Because the working load on the lower limbs during walking also includes support of the person’s body weight, gait rehabilitation is greatly assisted by robotic devices, which allow a smaller workforce and a longer exercise session with greater intensity compared to traditional treatment [126]. Lokomat is one such robotic device equipped with electronic control that allows connection to a non-immersive VR screen on which an avatar delivers visual feedback of the patient’s movements. Inclusion of the VR feedback was found to significantly improve the patient’s mood, perception of physical well-being, global cognitive functions, executive functions (such as perseveration, planning, and classification), cognitive flexibility, and selective attention—all of which impacted positively on the patient’s quality of life [126]. Gait and balance interventions may also include a moving platform with an integrated treadmill that participants use to interact with a virtual environment. Projection of synchronized VR environments on a 180 degree cylindrical screen allows subjects to walk around and move in an attractive and engaging environment, which is particularly beneficial for the rehabilitation of children [127]. Similar to upper limb rehabilitation, the act of learning to control a walking avatar in the absence or presence of visuomotor perturbations lead to observable cortical adaptations in EEG activities [128], which indicates underlying neural plasticity and neural reorganization.



NEURAL INTERFACES

The ultimate goal of neural interface

research is to create links between the

nervous system and the outside world

either by stimulating or by recording from

neural tissue to treat or assist people with

sensory, motor, or other disabilities of

neural function.



NEURAL INTERFACES

Brain-Computer Interface/
Brain-Machine Interface
(+ closed-loop versions)

BCI/BMI

Brain-Spine InterfaceBSI

Peripheral Nerve InterfacePNI





Many people who have had a stroke have trouble moving, even after therapy with the best 
experts and methods. New ways to make stroke therapy more effective could help people 
recover more effectively.

• A BCI that detects brain activity
• Controls a muscle stimulator
• And monitors response
• Rewarding feedback for correctly imagined movements

How can we train the brain to help 
stroke patients?



EEG BASED SIGNAL AQUISITION



3 in 1 NEUROFEEDBACK

MOTOR 
IMAGERY

VIRTUAL 
REALITY

FUNCTIONAL 
ELECTRICAL 

STIMULATION
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MOTOR IMAGERY (MI)�Imagine a hand or a foot movement. recoveriX measures and analyses brain waves, which reflect the motor imagery and determines whether the motor imagery was correct. Once motor imagery has been recognized, virtual reality and functional electrical stimulation will be activated.
VIRTUAL REALITY (VR)�The simulation on the screen makes motor imagery visible. Patients sit in front of a screen, where they see hands and feet of an avatar. This gives patients the feeling of watching their own movements in front of a mirror. If recoveriX recognizes motor imagery of the movement (such as a right hand movement), the avatar moves the right hand.
FUNCTIONAL ELECTRICAL STIMULATION (FES)�For this stimulation, two electrodes are placed (for example) on the dorsiflexors of the wrist or on the leg. If the system recognizes a correct motor imagery, the muscles get electrically stimulated, causing a real movement. This should help you re-learn how to initiate movement, and thus make movement possible again.






Using BCIs in post-stroke therapy 
can lead to increased brain 
plasticity, meaning that the brain 
can create new connections that 
help it learn to perform certain 
functions again, such as moving 
the hand without spasms or other 
difficulties.

The brain’s remarkable ability to 
change itself to adapt to new 
information and situations, such as 
therapy. This ability helps people 
recover from stroke and other 
injuries.

https://kids.frontiersin.org/articles/10.3389/frym.2021.613374#KC7
https://kids.frontiersin.org/articles/10.3389/frym.2021.613374#KC7
https://kids.frontiersin.org/articles/10.3389/frym.2021.613374#KC7
https://kids.frontiersin.org/articles/10.3389/frym.2021.613374#KC7
https://kids.frontiersin.org/articles/10.3389/frym.2021.613374#KC7
https://kids.frontiersin.org/articles/10.3389/frym.2021.613374#KC7
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REPETITION! THIS WILL BE IMPORTANT LATER



RESULTS OF RECOVERIX THERAPY

BCI accuracy Brain activity
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BCI accuracy from therapy sessions 1 through 31 for one patient. At first, the BCI accuracy when classifying left- vs. right-hand movement was 65%. The accuracy improved with additional therapy sessions and reached 100% in session 25. (B) Brain activation before and after 31 sessions of BCI therapy. The white color before therapy indicates that there is no brain activation to produce hand and finger movements, while the red color after therapy indicates more brain activation. C3 is the name of the electrode position over the brain area responsible for right-hand movement.
Brain activity is measured throughout BCI therapy. Usually, in the early therapy sessions, the movement areas of the brain are not working together effectively. Over the weeks of therapy, we often see that the movement areas in the brain become much more active (Figure 2B). The colors in Figure 2B indicate the brain activation at different frequencies over areas that are important for movement. The x-axis indicates the time in each trial; areas further to the right indicate later times in the trial. The y-axis reflects different frequencies. The lower areas of the graph are lower frequencies (indicated by the Greek letter mu) and the higher areas of the graph are higher frequencies (indicated by the Greek letter beta).



RESULTS OF RECOVERIX THERAPY
Movement

• results showed that the BCI therapy 
helped most patients regain movement 
and/or reduce spasticity in their hands 
and arms. 

• the therapy works better for patients 
who achieve more than 80% accuracy. 

• BCI therapy even worked many years 
after the patient’s stroke. One patient 
participated 31 years after the stroke 
and still improved! 

• BCI therapy helped the patients’ brains 
to learn how to better control their 
movements.
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The most important effect of BCI therapy is helping patients regain movement. Figure 3A shows a tool that therapists and scientists use to test wrist and hand movement, called the Nine-Hole Peg Test because the patient must pick up nine little pegs and put them into nine little holes. We asked patients to perform this test with both hands several times throughout the therapy process and we tracked the time it took them to complete the test. If BCI therapy helped a patient to regain movement, we saw a decrease in the time it took that patient to complete this test over the course of the therapy sessions (Figure 3B).





Practice makes perfect,
the key is repetition.

But how do we increase
patient adherence?
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Utóbbiak közül úttörő szerepű egy barcelonai eredetű cég, az EODYNE.
Az Eodyne egy magas szintű tudományosan megalapozott neurorehabilitációs szoftverek fejlesztésére specializálódó cég, kiemelten foglalkoznak az agykárosodás, mint pl stroke vagy alzheimer miatti funkciókiesések kezelésének innovatív lehetőségeivel.
Legfontosabb termékük egy rehabilitációs játékrendszer avagy rehabilitation gaming system, röviden RGS, amely tulajdonképpen számítógépes játékokon keresztül képes segíteni az idegrendszeri károsodásokból való felépülést
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Hogyan is épül fel ez a rendszer?
A felhasználó egy belső nézetű számítógépes játékhoz hasonlóan kerül a virtuális térbe, mellyel szabadon interakcióba léphet.
A setup maga nem túl bonyolult. A szerintem jól ismert Xbox Kinecthez hasonlóan, alapvető kellék egy mozgásszenzor, valamint szükség van egy erősebb számítógépre és egy monitorra, ami akár érintőképernyő is lehet, így tovább fokozva a first person élményt. Ezen kívül opcionális kellék lehet egy speciális kesztyű, ami a kézmozgások lekövetésének pontosságát biztosítja, valamint a térbeli érzékeléshez használható 3d szemüveg, megfelelő kijelzővel. Vagy újabban már VR szemüveggel is használható a rendszer
A szenzor érzékeli a végtagok mozgásait, majd a számítógép ezt úgy képezi le, hogy a kijelzőn a felhasználó mozdulatai úgy jelennek meg, mintha csak a saját kezét látná. A virtuális környezet innentől kezdve szinte határtalan lehetőségeket biztosít. 
Az RGS különböző programokat, ha úgy tetszik játékokat tartalmaz a kezek, a karok, az alsó végtagok és a teljes test mozgásainak követéséhez, fejlesztéséhez.
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Nézzük meg mindezt egy videón.
Ebben az esetben a kesztyű helyett egy speckó sleevet használunk, ami nagyon hasonlít ahhoz amit az új típusú motion capture alapú 3d animációk megalkotásánál használnak. 
A sleeven található 2-2 ún. marker. Ezeknek a pozícióját és mozgását érzékelik a szenzorok és ennek megfelelően ahogy a beteg mozgatja a karját az assztalon úgy mozog a virtuális karakter is. És akkor a játékok során különböző feladatokat kell teljesítenie a betegnek.
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Ez már önmagában is elég király, de mint említettem van már arra is lehetőség, hogy még inkább bele helyezkedjünk a virtuális világba. Mivel mással mint egy VR szemüveggel. Ezt az eszközt egy konferencián mutatták be még 2017-ben, azóta nagyon sok fejlesztésen esett át. Egy HTC Vive VR szemüvegre van itt rákapcsolva a szenzorunk, ami így folyanatosan képes a kezek mozgását rögzíteni, miközben a virtuális térben teljesen szabad 360 fokos látóteret biztosít.
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Hasonló az előzőhöz, ez a jéghoki témájú játék is. Itt jól láthatjuk a fokozatosan egyre nehezedő feladatokat. A rendszer folyamatosan megfelelő szintű kihívást biztosít a betegek számára az aktuális állapotuknak megfelelően, ahogy folyamatosan fejlődnek egyre komplexebb feladatokat lesznek képesek megoldani.
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És végül egy nagyon érdekes felhasználási lehetőség. A klasszikus fizioterápiában is alkalmazott tükörterápia átültetése a virtuális valóságba. ennek során az egyik oldali egészséges végtagot tükörképként látja a beteg, mintha az a másik oldali sérült végtag volna. Ez olyan agyi területeket aktivál, melyeknek fontos szerepe van az érzékelésben, mozgatásban, és a fájdalom feldolgozásában is. Ezzel a módszerrel gyakran sikerül kezelni ismeretlen eredetű neuropathiás fájdalmakat, vagy az amputált végtagot érintő fantomfájdalmat. A terápia pontos működési mechanizmusa még nem teljesen tisztázott, de ennek ellenére bizonyítottan hatékony és széleskörűen alkalmazott eljárás.



RGS has treated
more than 3000
patients and has
been validated
by neuroscience
experts and
clinicians in
several hospitals.
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The clinical trials performed during the last 10 years have shown that training with RGS increases recovery in the acute, subacute and chronic phases of stroke.
RGS helps improve speed and fluidity of movement, but especially helps in the recovery of the functionality of arms, hands, and legs.
Most importantly, patients that train with RGS maintain the achieved motor improvements for a long time.
The clinical trials have shown that RGS combined with standard therapy is more effective in promoting recovery of function when compared to Occupational Therapy alone.
RGS is the only system in the world that has an outstanding clinical track record.




WHAT MAKES RGS EFFICENT?

GAMIFICATION

• Motivation
• Immersive effect
• Positive

experience

ANALYSIS

• Continuous
tracking and 
evaluation of 
performance

ADAPTIVITY

• Programs
adapting to
patient’s needs

VR/AR

• Limitless
possibilities

• Continuous
concentration 
and feedback
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Mitől is lesz olyan hatékony az RGS, mitől jobb mint a klasszikus fizioterápia?
A gamifikáció révén, sokkal nagyobb motivációt ad a pácienseknek, sokkal kitartóbbá válnak a terápiában, képes lehet elfeledtetni a betegséghez kapcsolódó negatív gondolatokat és egy pozitív élményt nyújtani. A számító gépes játékokra általában is jellemző rendkívül immerzív hatása is a gamifikáció révén érvényesül. Fromann szerint ez 3 tényezővel magyarázgató, melyek mind megtalálhatóak az RGS-ben: 1. Optimális terhelés által flow-hatás és sikerélmények, 2. Ideális beszintezés 3. Ideális jutalomrendszer.
A kiterjesztett vagy virtuális valóság nyújtotta lehetőségek tárháza gyakorlatilag végtelen, szinte bármilyen program megalkotható. A mozgások leképezése kedvünk szerint befolyásolható a program szintjén. Emellett a virtuális élmény akármennyire valósághű is egy érdekes és megragadó helyzet a felhasználónak, mely folyamatos koncentrációt igényel, és emellett folyamatos visszacsatolást is biztosít. 
Az adaptivitás alatt az optimális terhelés folyamatos megvalósulását értjük. A rendszer folyamatosan rögzíti és felméri a páciensek állapotát és eredményeit és ehhez igazítja a nehézségi szinteket. 
A specifikus paraméterek folyamatos rögzítése és az eredmények nyomonkövetése emellett lehetőséget ad rendkívül precíz egyéni analízis végzésére. Ennek fontos szerepe lesz már a diagnosztikában és a paciensek folyamatos követésében is.





THANKS FOR YOUR 
ATTENTION!

• theneurotech.eu

• recoverix.com

• eodyne.com
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