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Prominent medical applications of neurotechnologies!

Mapping and investigating brain functioning and activity

1. Various imaging techniques commonly used for diagnosis allow mapping of the
structure of the brain by measuring electrical activity. Techniques such as
electroencephalogram (EEG), functional magnetic resonance imaging (fMRI) and positron
emission tomography (PET) serve to provide insight into the brain functioning and do not
require surgical sensor implantation. For more accurate information on brain activity patterns
invasive techniques, such as electrocorticography (ECoG), are more adapted. They allow for
a more meticulous tracking of the brain but imply risks as they require placing electrodes
directly on the brain’s surface.?

2. Advanced neurotechnologies are progressively focusing on the brain functioning
(functional) neuroimaging. These are driven by potential applications in the cognitive science
field, where researchers have developed sophisticated decoding algorithms that would allow
the making of inferences on cognitive and affective processes bypassing the observation of
overt individual behaviour. For example, based on fMRI recordings, researchers have
managed to rudimentarily reconstruct the images that participants were looking at while
watching videos.®

3. Even though these methodologies are still in their early stages and lack accuracy,
exploratory research points to the potential future applications of neuroimaging. The
recording of brain activity matched with Al abilities may be used to extract patterns out of
large quantities of data and decoding the information extracted to make inferences about the
individual’s mental states. Studies suggest that as their accuracy increases neuroimaging
technologies will be boosted towards this process of “reverse inference” and will embrace a
large spectrum of mental states, including memories, semantic knowledge, emotions, dreams,
inner speech and intentions.*

Healing neuronal diseases and mental health conditions (neurorehabilitation)

4. Neuromodulation technologies are widely used for medical purposes. They rely on
electric currents, light, ultrasounds or magnetic fields to intervene into the neuronal circuits.
Deep Brain Stimulation (DBS), an invasive implanted method, has been successfully used in
treating certain pathologies particularly in patients with Parkinson’s disease.® However, this
method is used as a second-line treatment requiring the extremely accurate implantation of
two electrodes in the brain. Recently, this technique also showed positive results in mitigating
the symptoms of treatment resistant major depressive disorder.® Neurostimulation through
non-invasive methods, such as transcranial magnetic stimulation (TMS) and electrical
stimulation (transcranial direct-current stimulation-tDCS), has proved lower levels of
accuracy due to the difficulties to directly target the induced current to a precise area.

5. Other invasive but less profound neuromodulations have also produced positive
effects on patients and are being used to reduce chronic pain or eliminating the feeling of
hunger in obese people. Another promising technique consists in the implantation of a helical

The classification builds on: P. Hetzel, “Neurotechnology: Scientific and ethical challenges”,
Assemblée Nationale (France) Science and Technology Briefings, N. 32, January 2022.

EEG monitors electrical currents in various brain regions, fMRI infers brain activity from blood-oxygen
levels, and PET uses administered radioactive substances for imaging.

Nishimoto, S., et al., “Reconstructing visual experiences from brain activity evoked by natural movies”,
Curr Biol., 2011.

M. lenca, Common Human Rights Challenges Raised by the Different Applications of
Neurotechnologies in the Biomedical Field, Council of Europe, 2021, 22-25.

Ibid. pp. 17-18.

K.W. Scangos, “Closed-loop neuromodulation in an individual with treatment-resistant depression”,
Nature Medicine, 27 (2021).
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electrode around the vagus nerve to stimulate it at regular intervals, and which is notably
used for preventing epileptic seizures. Closed-loop systems are explored to detect the onset
of epileptic seizures by recording neural activity and avoid it without the need for active
interference by the patient or a physician.” Virtual reality is also used in a medical context in
combination with other therapies in the treatment of mental health conditions.®

Neurofeedback and brain-machine

6. Feedback loops between a person’s nervous system and computers often use
neuroimaging to get information about a given function to control and modify it. EEGs
devices are being increasingly developed and have started to be commercialized for general
well-being in an individually wearable manner. The results of such devices are highly
variable and arguably very often overestimated.

7. This result has been notably improved through Brain Computer interfaces (BCIs).
Neuro-prostheses provide a good proof of the importance that this technique is gaining in the
neurotechnology field. BCls can be unidirectional or bi-directional, invasive and
non-invasive and are providing convincing results in the fields of communication (cursor
movements, virtual keyboards, videogames, etc.) The more advanced applications are being
used in the military domain and include exoskeletons and prostheses, analysis of brain
activity and brain training.®

Restoring motor and sensory functions

8. Neurotechnologies can provide solutions to aid recovery in the context of motor or
sensory functions of persons with disabilities. Brain-computer interfaces (BCls) allow
individuals with paralysis to control prosthetic limbs or communications through their
thoughts. Motor neural prostheses analyse and interpret voluntary motor information in the
brain and transmit it to an exoskeleton or to a limb (real or artificial) which perform the
mechanical actions.'° Bi-directional neural prostheses have also sensors and proprioceptors
that provide feedback to the brain or to the controller about the action performed by the
prosthesis. In such a way person can adapt their control over the movement and recover their
sense of touch or even feel signals like pain. Neural prostheses can also aide to recover
hearing or visual sense by stimulating the auditory or optical nerve through artificial retinas
or cochlear implants.

9. While the use of sensory neurotechnologies is advanced those that compensate for
motor functions remain at the laboratory research stage except in the case of post-stroke
rehabilitation. They have been also used in the recovery of some persons with paraplegia and
tetraplegia paralyses.'

Targeted manipulation of mental states

10.  Among the most advanced neuromodulation techniques that are currently being
developed, optogenetics takes a prominent place. Such a procedure implies the genetic
modification of brain cells with the purpose of modulating their activity by light pulses. This
form of neuromodulation holds the promise enabling very precise influencing of brain
processes. An animal study reported on very early findings the possibility of manipulation of

A. Nasreddine Belkacem et al., “On closed-loop brain stimulation systems for improving the quality of
life of patients with neurological disorders”, Frontiers in Human Neuroscience, 2023.

Nishimoto, op. cit.

B.T. Stinchfield, “The military and commercial development of brain-computer interfaces:
international (in) security with brain-machine teaming”, 29-2 Defence & Security Analysis, 2023.
Researchers from the University of Lausanne (Switzerland) carried out a delicate surgery to insert
electronic brain implants that helped a paralyzed man to walk by simply wirelessly transmitting his
thoughts to his legs and feet via a second implant on his spine. “Swiss research helps paralyzed man
walk again using implants that read brainwaves”, Swissinfo, 2 June 2023.

If paralyses were originated by an injury to the spinal cord that prevents the correct flow of signals
between the brain and the parts of the body beneath the injury. The implantation process requires
however a long and delicate surgical operation and the patient, actions are slow, requires the assistance
from another person or a walker.
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behaviour of mice by using neuromodulation. The possibility was established to steer
behaviour in a targeted way, using behavioural training and optogenetics.'? The process of
optogenetics has also proved in various studies the potential for the modification of
memories.'® This example illustrates the tremendous potential of research focusing on the
targeted manipulation of mental states induced by a neuromodulation method. This is a
significant evolving field that needs to be closely monitored.

Main opportunities:'4

Research and understanding the brain — Advancement in neurotechnologies can
deepen our understanding of the brain and cognitive processes, leading to insights that
could inform policies, interventions and support for human rights.

Improved healthcare and rehabilitation — neurotechnologies can revolutionize
healthcare by providing new tools for diagnosing and treating neurological disorders
and mental health conditions by offering more precise and personalized therapies,
leading to better outcomes for persons with neurological disabilities.

Enhanced communication and accessibility — neurotechnologies may offer innovative
solutions for individuals with communication impairments, such as those locked-in
syndrome or speech disorders. BCIs could enable them to communicate and interact
with the world more effectively.

Assistive devices for persons with physical and cognitive disabilities —
neurotechnologies could lead to the development of advanced assistive devices that
improve the mobility and autonomy of persons with cognitive and physical
disabilities, enhancing their ability to participate in society and exercise their rights.

Neuro-education and learning — neurotechnologies have the potential to enhance
learning and cognitive capacities, benefiting education systems and enabling
individuals to access knowledge and information more effectively.

Pain management — neurotechnologies offer new possibilities for managing chronic
pain and neurological conditions, potentially improving the quality of life for
individuals suffering from pain-related disabilities.

Neurodiversity and acceptance — A better understanding of the neurodiversity of
human brains may lead to increased acceptance and appreciation of diverse
neurotypes and cognitive abilities, reducing discrimination and stigma against
individuals with neurological differences.

12 R. Yuste, R., et al., Controlling Visually Guided Behavior by Holographic Recalling of Cortical
Ensembles, Cell 2019.

13 Qishi, N., et al., Artificial association of memory events by optogenetic stimulation of hippocampal
CAZ3 cell ensembles. Mol Brain 2019.

14 M. lenca (AC’s input).
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