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Why mitigating neuropathic pain®?
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The (damaged) nervous system
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The (damaged) nervous system
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Open-loop stimulation
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Neuroma: unique characteristics

Subthreshold
oscillations

Ectopic
discharges

Working hypothesis: By neutralizing subthreshold oscillations
s and ectopic discharges, the generation
TUDelft of neuropathic pain could be mitigated.
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Our strategy: electrical neurostimulation

Goal: neutralizing SO and ED
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Mitigating neuropathic pain at the neuron level through
electrical neurostimulation: a model predictive control

approach with fractional-dynamics proxy



The cell membrane

Dendrites

Terminal Bulb

Cell Body

membrane
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The action potential
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Stimulation . l? e Membrane
current [uA] . potential [mV]

Hodgkin-Huxley Model AP

40 : : Extracellular
-yl ‘—Open—loop potential‘
>
B
—_
<
S ol
=
)
2 20t
Q.-
)
= a0
—
£
% < o7
TUDelft a0 | | | |
0 10 20 30 40 50
L Leiden University Time [ms
m% Medical Center [ ] Intracellular

11



Stimulation . l? e Membrane
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Modeling neuropathic pain

Live model Mathematical model
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Modeli thi '
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Dynamical system-based feedback control
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Dynamical system-based feedback control

e ~ Gk ( MPC U Mathematical Xk
+ Y L model
X
State ) k
observer ) X J

L Leiden University
C Medical Center \_ )




]
TUDelft
&m Leiden University

C Medical Center

In-silico results: Hodgkin-Huxley based
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Design of an extended signal amplifier for microneurography
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Recording neuronal activity
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Recording neuronal activity

Impulses from a cutaneous sense organ
in response to touch

- Only capable of
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Hardware requirements

Microneurography amplifier
+ 10 uV
500 — 5000 Hz
Interference rejection

Graphical user interface
Processing power and stimulator control
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Proposed hardware
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Preamplifier | Design
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Preamplifier | Design
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Preamplifier | Design
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Preamplifier | Design
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Proposed hardware
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Preamplifier | Validation
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Preamplifier | Validation
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Validation | /n-vivo
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Validation | /In-vivo
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Validation | /n-vivo
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Design of an extended signal amplifier for microneurography
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Single-unit versus multi-unit
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Neuropathic pain
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Summary

«  Stimulus can be found that +
neutralizes SO and ED M{J
in-silico’

 Full functional and in-vivo
tested microneurography
amplifier

- Ready to go from theory to
practice!
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