Context

In-silico Model Development Stimulation Hardware Development

TWIST: A Neuro-stimulation Platform for Arbitrary waveform generation.

Features:

• multi-sites stimulation • Arbitrary Waveform Shapes

The network of peripheral nerves presents extraordinary potential for modulating and monitoring the functioning of internal organs or the brain. Electrical stimulation of peripheral nerve fibers can form the foundation of bioelectronic systems capable of addressing a large spectrum of pathological states. To influence neural activity for desired outcomes, neural interface technology must trigger the appropriate peripheral nerve tissue, in a focal targeted manner, and alter the patterns of activity.

BioTIFS is an on-going CRCNS US-French collaboration that aims to investigate on improving selectivity of peripheral nerve activation using field-steering strategies and waveform shaping techniques. 

Peripheral Nerve Stimulation

The anatomical organization of peripheral nerves, which consists of multiple nerve fibres clustered into one or more fascicles within a nerve bundle, presents opportunities and challenges for precise control of spatio-temporal patterns. In applications such as natural motor order recruitment [1] or restoration of somatosensory feedback [START_REF] Pasluosta | Paradigms for restoration of somatosensory feedback via stimulation of the peripheral nervous system[END_REF], the lack of stimulation selectivity is a major limitation. 

Spatial Selectivity Diameter Selectivity

Excitation (1) Inhibition (2)

Neural activity inhibition be obtained using Kilohertz Frequency Alternative Current (KHFAC, >10 kHz) [START_REF] Kilgore | Nerve conduction block utilising high-frequency alternating current[END_REF]. KHFAC provides an immediate and reversible action potential blocking. Fibre selecting blocking can be obtained by tuning current amplitude and stimulation alternative current frequency.

Biphasic pulse is used to elicit neural activity. Adjusting current amplitude, pulse width and proper charge balancing is primordial to obtain desired outcomes [3]. In-silico modelling facilitates finding optimal stimulation parameters, that are then transmitted to the stimulation platform.

-Validation of modelled excitation and inhibition on rodent model, -Design of complex stimulation protocols combining axonal excitation and inhibition to address selectivity challenges in the context of restauration of sensory feedback.

BioTIFS (ANR-18-NEUC-0002-02)

This work challenge: Combined Selectivity

  to fascicles and full nerve simulation • Integrated NEURON wrapper • Post-simulation analysis • Realistic geometries with Finite Element Method • Anisotropic mediums • Parallelized computation • Object oriented NRV2: A python-based framework for peripheral nerve system simulation. (1) (2) Supported by: Collaborative Research in Computational Neuroscience (CRCNS) Ø Nerve: 2-4 mm Ø Fascicle: 0.1-0.5 mm Ø Axon: 0.2-20 µm Moore and Dalley (2006) Stimulator capabilities versus load and frequency. Electrodes impedance overlap for comparison. Zone (1) corresponds to the spectrum used for excitation. Zone (2) coincide to the spectrum used for KFHAC blocking.

  Neuron recruitment: ability of the extracellular stimulation to trigger the action potential generation inside the neuron. Selectivity: Ability to recruit one population of fibers without activating neighbouring population. Targeted population: • A group of nerve fibres with a common diameter • A geometrically localized group of nerve fibres Two approaches are developed: • in silico investigations • Custom hardware development for in-vivo experiments Current work and perspectives 200kHz KHFAC waveform applied on a LIFE electrode with the custom stimulator, for of fiber selective blocking. Simulated blocking threshold in function of both diameter and frequency, for myelinated fibers (MRG model) Simulated excitation threshold in function of axon diameter and electrode distance, for myelinated fibers (MRG model).