Insertion of Planar and 3D Matrix-style Electrode Arrays Using Ultrasonic Vibration
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Introduction Modular coupling mechanisms for Improved Outcomes in vivo — Carbon
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lower absolute buckling force, requiring secondary support during insertion.

Vibrated insertion has been shown to decrease insertion force and tissue damage Iin peripheral PaBia oIt} Piasiion [ il LT - -
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The NeuralGlider” Inserter (NeuralGlider) is an ultrasonic transducer capable of coupling to EL?Xirg:r - " |
various electrode types, allowing vibrated electrode insertions, decreasing tissue damage and Y icon  Microwire
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A-C. Couplers developed to integrate various recording electrodes with the NeuralGlider Luer Hub. Omnetics 10 20 10 20
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connectors are clamped using a screw-type “Array clamp” (A) while flexible and 3D arrays can be held and released
using alternative hands-free methods (B-C). D. Average reduction of force observed for various electrodes inserted
1.5 mm depth into two-layer agarose model (0.5% base/1.5% top). NeuralGlider Inserter coupler type and
Actuator power settings vary by array to maximize reduction of force for individual probe design (0.5-1.5W).
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. A. High density carbon fiber (HDCF) electrode arrays inserted 1.5 mm into primary somatosensory cortex without
elements (PZT4 x4) — |

vibration (Control) result in significant tissue dimpling. Vibrated (1 W Power) HDCF electrode array insertions

reduces tissue deformation. B. Single-units identified 24 hr-1 wk. post implant demonstrate increased amplitude in
Vibrated insertion subjection compared to Control. Subjects: N=8 Sprague Dawley rats (Male, n=4 Control,

. . n=4 Vibrated). Single unit activity sorted using Spike Interface, SpyKING Circus spike sorting software.

| 1z C-D. Vibrated HDCF electrode arrays have more active electrode channels with more identified single
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coupler (Brass 12g) @ VaC uum cou p I ed 3 D arr ayS can b e units 2-3 wk. post insertion compared to Control.

inserted Into porcine cortex without
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A. Langevin style Transducer COMSOL model driven at 1V was used to optimize head to tail mass ratio and horn
morphology. Device resonance frequency was estimated at 26.8 kHz with a displacement magnitude of 0.09
um/V. B. Transducer is potted in silicone and encased in an aluminum housing to maintain alignment during
operation. C. Transducer axial displacement was measured at increasing power outputs to validate using Keyence

LK-HO52 optical encoder. D. Insertion forces with and without vibration quantified ex-vivo (Sprague-Dawley (rat), 0 — T Ultrasonic vibration of electrode shanks decreases required insertion force
male 150-200 g). E. Vibration reduces maximum insertion force and tissue surface deformation. F. Vibrational 00 05 1.0 15 '

reduction of insertion force in 0.85% agar and ex-vivo rat brain from E. analysis: Student’s T-test: *p<0.05. Position (mm) Ultrasonic vibration results in increased electrode impedance reflecting decreased fluid
volume around electrode shanks and improved shank-tissue interface

IEI Sorted Single Unit Amplitude Sorted Single Unit Average Waveforms Ultrasonic vibration of electrode shanks increases number of identifiable units during
200 the first two weeks post-implantation of carbon fiber electrodes.

Neu ral GI | d er® Neu ral Im p I ant Inserter Future investigations will focus on methodological steps to maintain long-term (> 2 wk)

Increases Iin action potential amplitude, and number of identifiable units.
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Ultrasonic Actuator produces axially-directed micro-vibration of electrode shanks during
Insertion; Actuator power dictates displacement magnitude.

Micro-positioning linear stage (0.5 um
resolution) mounts to stereotaxis and Stereotactic Mount
controls insertion velocity Micro-positioner

Peak Voltage (uV)
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