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· Motorik , Persönlichkeit =>
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Sensorimator cofex

Somato-sensory functions :

· Pain perception

Somato-motor funstion

· voluntary motor function of the musculature

Structure of the Cortex Structure of the cerebral cortex 1. Molecular layer
connecting

/Cortical/subcartical Grey matter : Cell body (neuron II . Extern granular layerare as

White matter : FibreConnections III
.

External pyramidal layer

(axon) IV . Internal granular laye

U. Internal pyrimidal layer

VI
. Multiform layer

Gyrus cinguli : Limbic system, psychamataric function



Subcortical structures

· Bacal ganglia : Areas of grey matter in the white matter below the Cerebral hemisphere
Function : - Coordination o movements

- synchronization of movement sequences with sensory information

=> Basal ganglia are affected in various neurological diseases

=> important target areas for DBS (Deep Brain Stimulation)

thalamus : afferent filter function

↳ dopaminergic rewars

(degeneration causes Parkinson)

Pyramid track

main function :
- Dativation of motor neurons for the execution of voluntary motor movements

- fine motor skills

-muscle tone

Peripheral nervous system

· Body area split into demctores
,

distinctive of the innervating spiral nerve

Specific dermatomat problem
↳ indicate injury in the associated vertebral region

Interface central

↳ influence the spinal reflex with thoughts

Autonomic nevous system

Function : -maintain vital functions /hearbeat , respiration , digestion ,
metabolism)

- Organs are innervated (sexual organs , endocrive/exocrive glands , Vascular System (RR)
, pupl reactor/



Neurophysiologic
Nerve cell/Neurone

Sodium-potassium pump is the most

important mechanism for the transport

of ions across the call membrane

↓

Synapses
Chemical : Communication via neutransmitters

electrical : direct electrical communication) less common

Neurotransmitters + receptors

1. pNS : Acetylcholine
2. CNS : - Glutamale (exsitatary)

- GABA (inhibitcus)
- Lycire Cimhibitary)

- sopamite,not
holrenahre

, serotonial

Inotropic teceptar :

receptor- ion channel (closed/opened by transmitters)

Metabotropia receptar:

· receptor activates signating cascade in the cell on contact with a heurotransmitter Jeg. dopamin receptor b)

Elektrophysiology
· Ele aturon Caphalographie EEC

= records synchronised activity of many neve calls

· sources of the EEG signal Waveforms in EEG

occur during heightered attention

-> + learning processes

③ ④ ∅
② -> higher , irregular frequencies Dur when higher , irregular frequencies are

-> sensory stimuli tmontal activity seen with open eyes

-> brain activity at rest with eyes closed
, but awake -> 'basic rythm'

⑤

-> lowered frequencies e
. g . taking a sleep/ very Fired

-> slowest , usually synchronized haves

↳ steep



Intracranial EEG Stereotactical EEG(SEEG)

1. detailed fosus search 1
.

Several deep electrodes

22 Epi or subdural 22 individual implantation

3.grid + strip electrodes 3. Anatomical-Clinical-electrophysiological correlation

4. Recording + stimulation possible
4. frameless , frame-based or robot assisted feasible

5

. happing of relevant regions

6. Can remain for about I weshs
↳ Robst-controlled

11 Enables planning of multiple trajectories with CCT + MRI2

2 . Shorter implantation time

Introduction to Electrophysiology

= studies electrical properties ↑ calls and tissue in biological systems
· measures changes in voltage/current flow

Measures of neural communication:

- Action potentials
- Postsynaptic potentials
- lon channels activity

- Neuromuscular communication :

· Electrooculography (EOG)
· Electromyography (EMG)

· Eleatro Cardio grophy (ECG)

θ
θ

drive
resting {membrane

potential ร



Postsynaptic Potentials (PSPs)
· realized by ligand gated ion charrels

· nation influx : depolarization) EPSP) # -> Anode

· Anion influx: hypopolarization /IPSP) O -> hathods

Field Potentials

= Extracellular measures of the signaling of multiplenearby neurons

· Local field patentials = Well understood

· Multi unit activity

Whole brain recording
Electrodes are

· ECOG = Elentrocarticographic → under the Skul ,placed Betterspaciee to lower volume conduction

· EEG = Elektroenzaphalographie
primarly measures

· MEG = Magnetoencephalography -> zangetaly oriented pyramidal remors

· Hans Berger 1. human EEG 1924

newal aryin proven 1933 Edgar Adrian,
Buyan enatthears

↳ the closer to the rewor ,
the higher frequencies can

be resolved



(Nähe)

Quantifying Neural Responses

EEC : The recorded signal

measure small voltage differences between electrodes

· represents radially oriented Cortical pyramidal remans (postsynaptic potential Signating
·

signal = neural activity + noise :

- muscles (jaw,
rech)

-

eye (muscle , retina movement)

- technical sources

-sweat

EEG Noise : Artifacts :

· assigned to truehon-neuronal sources = artifacts :

- Topographie

- Temparal Patterrs

Event-related Potentials CERPs) -> Applisation : PJ60-Speklers
· Task relevant activity will be the same far each trial

· Averaging over trails will eliminate noise

Nomenclature · positive + regative peaks

↳ Polarity

↳ Latency (ms) or number of occurence



⑦ Fast
, easy : low computational demand

⑦ very high temporal resolution

⑦ Trial specific information is lost

⑦ Non phase-locked information is lost

Fourier Transform

= Every signal can be decomposed into a sun of sine waves of different frequencies

signal over time represents which frequencies
make up the original signal

=> I representations of the same signal

Neuromodulation I

Modulating the Nevous System

· Signal Transduction : How externally applied energy is transformed into a cellular signal

·

Synaptic plasticity means that the coupling stroughts between connected neurons change

· Plastic changes extend the duration of the effects of revomodulation beyond the immediate

time of application

3 broad target systems - specific brain regions

-peripheral nerves +musches

- (spinal cora)

uses brain states

to trigger
、

→ stimulah an

↳) Stimulation is adjusted dynamically + cantrously



Methods of Brain Modulatant Stimulation

(niedrige

= mechanism for the immediate online effects

Montages HD-tDCS(C) uses a ring configuration to achieve better localized fields



(mitzehne)

Roles of Newal Oscillations

· Oscillations are implicated in a variety of functions

- synaptic plasticity changes at specific phases of that a Oscillations in Hippocampus

- JFP coscillators modulate individual neuron firing
- Interregional synchronization between brain areas

Chrrent issues :

· Eps mediated increases in cortical excitability are substantially weaver under topical Gresthesia of the scalp

↳ Effects &f KDCS could partially be mediated by peripheral nerves

Which are subject to much higher field stroughts than cortical neurons

= um gehen



= Schwelle

repetitive TM5 (rTMS)
· Low frequency rTMS ( < 1Hz) -> inhibitory

· higher frequency rTMS (25 Hz) -> excitatory

Stimulating :

brain newor) Call body)
- peripheral newors

- Astrozyte

- Microglic

- EndothelialCells

- Axon terminals

Peripheral Nerves

swas

"
I

wese sureresaf

paresraurdnearves:origueadmanaorwesi
corignefirtt

Grctalecrtung
," "

hntmaoe
- afferent (sensory

· depending on info : sensory ,
motor

, mixed
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Neuromuscularstimulation(NMES)

↳ cranial
1. Olfactary

고 Optic
3. Oculomotor

4. Trochlear

5. Trigeminal nerve

6. Abducens

F
.

Facial

8.. Vestibulo cochle ar

3 . Glossopharyngeal
10 . Vagus
11

. Accessory

12
. Hypoglossal

Peripheral Nerves

-

easy to stimulate for nerves directly under the shin Surface

- high field strengths
- induced acton potentials travel along agns in two directions :

· antidronic (back to its own all body)
· Orthodromic) to its effector organ or sensory ending)

Neuromuscular or Functional Electrical Stimulation

· biphasic stimulation over the nerve directly above the muscle/over the musche beley /sticky electrode)
· 20 -50H7

· individual current strength (maximal tolerated intensity)
· recruitment of motor units not in physiological order -> easier mussle fatigue

NMES = basic application
FES = Coordinated use of NMES -> recapitulate whole

, functional movements

· used in rehabilation + sports

Application of NMEJ with Neurostimulatin

· modulate the motor pathway function between : brain + specific muscle

· signals conside in the spinal Lord

· Hebbian principle : What fires together ,
wires together

· paired associative stimulation :

Pairing stimulation of the motor cortex/inducing motor imagery with a following musche stimulation

125 ms after the Cortical simulation

↳ enhance mater contra in patients



Trigemina Nerve (5. .)
mixed nevve

· sensation to the shin of the face , scalp, mucous membrane of month/nose

- Opthalmic (V1)
Sensation from farehead , scalp, upper eyelid ,

hose

-

Maxihary (V2)

Senschan from cheeks
,

lower eyelid , upper teeth
, palate

- Mandibular (Vb)

Sensation from jaw,
lower teeth

, Chin
, part of tongue (anterior 2/3)

↳ chewing , swallowing

Trigeminal stimulation

· tEs device

· biphasic pulse + acton pstential

· often ophthalmic branch stimulated
, jaw

paramates vary -> 60-120 Hz

-> J - 20mA

Use cases+ effects

· headaches
, migraine , epilepsy ,

ADHD
, major depression

· modulation of Sympathetic + parasympathete system via bransten circuits

…
projectio to :

- nucleus of the solitary tract (NTS)
- Losus coeruleus ((C)

- raphe nucla

- reticular a stivation system

Pupil response to Ted

· Pupil dilation - indirect head out of locus enerulous /(C) activity
4) Noradrendine important for attention ,

arousal
, threat response

· Seminck have shown a large pupil response toThy as median nerve
,

no stimulation

- treat epilepsy

Vagus Nerve : Efferent Control How to stimulate ?
- implantation surgery

- electroce left cervical

· Efferent Control of target organs
Invasive VNS √_

vasusbranaees
activate afterent

↳ Cervical VNS(aVNS) fibres

*fferent Relay
· Transcutaneous UN (non-invasive

· both parasympathetic control + sensory functions
↳ cervical UNS (CUNS)

· Majority of nerve fibres are offerent (80 % ↳ auricular wNs (taUNS)

· Gut-brain axis in Clinical application:

1 -> <NS

! taVNS



taUNS-Anatomy
· Transcutaneous = through theSkin

· Stimulating through small sensory branch in earlobe -> ABVN

· part of outer ear is mostly invevated by the ABUe(Nearby : Occipital , Auriculotemporal nevre)

· ABUN joins Other Vagus Fibers at the Jugular Ganglian

↳
signals relayed upstream to brain

-> stimulation elestrode in Cymba sonchae of the outer lar

⑦ non-invasive

①Inexpensive

⑦ minimal side effects

⑦ self application possible

=> strongly ↑ in popularity over the last decade

=> broad range of effects : - extinction learning
- associative learning of novel letter-sound correspondences
- instruction

Diomimetic Stimulatial

Clinical Casas

conditions that can be treated with neuromodulation:

Newological : Psychiatric
- Parkimon

- Depression
- Stroke

-

Alzheimer

- Dystania tinmitus

-Traumat a
- ADH 」

- Epilepsy
- Austism

- Pain - Schizophrenia



Non-invasive Neuromodulation

-Transsranial magnetic Stimulation (TMs]

- Transcranial direct Chrrent stmulation (tD(s) :

· Low-amplitude direct surrent (V-2, 5 ma) -> Surface electrode on the scalp
· Changes brain funston -> astering neuronal resting membrane potential

· depolarisation) Anode) -> activing → tDCs üiber Matar hortex wennugert

hyperposarisaton (hatnada) -> inactivativs 'Freezing of Gait' - Episoden dursh

anodale ADCS Samulstic

targets : · M1 (Matar symptoms)
· DLPFC (cognition and mood)
· Combined M1 + DLPFC Sector symptomy

Formsaf stimulation

repetitive

↳ most approaches D
, < level

↳ broad distribution of approaches - different frequencie,
duratan

places

Ansatz nicht invasiver stimulation bei Parkinson :

1. Exzitatorische Simulaton M1 => Aktivierung Matarhartex

2. Hemmende Shimulston SUA

Stroke

Differentiations - ischaemic (occlusion)
- haemorrhagis (bleeans)

Causes :
- Embolism) Cardiac Origin)
- Thronbus

- Arsuoy sm a

Consequences :

- Speech/Language disurder

- visual disorder

- attention disorder

- memory discrder

- personality change



Neuromodulation Approaches after shone

After stroke :

Hemisphere not in balance:
·Strong in histon

healthy -> affected hemisphere => Overactivity healthy hemisphere

Approach : Restore balance

stengthening the affected Lemisphere -1H7 TMS

· Inhibation of healthy hemisphere 1H5 TMS

Perspectves
· Current approaches not effective for strave patients

With severe motor impairments

Alternative :

· Strengthening healthy hemisphere and ipsilateral pathways

Depression
Approach : Stimulation of the dorsolateral prefrontal Cortex (DLPFC) , e . g . with rTMS

Verzögerung ←
Beweguns, ←

Unruhe Grübsic

& LPFC Stimulation withThs for the treatment of depression
·

Since 2008 FDA approved
· Precondition : patients don't respond to drug treatment

· therapy: daily far 4-6 weeks

↳ study on effectiveness (20121

↳ improved quality of life (2012)

DLPFC stiulation with Jt CS

· tested with distractor working memory task

↳ performance improves after EDCs

Perspectives
· Brain state-dependent Stimulation

· Phase-dependent Stimulation


