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INTERFACING NEURONS AND MUSCLES

with Functional Electrical Stimulation / Neuromodulation
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Electrode-tissue interface -  Shape and size of stimuli

noninvasive

Decisive and limiting
compromise on
selectivity and safety
Generally coarse tool to
activate tiny structures

Integration of medical,
physiological and
engineering expertise

implanted




Electrode-tissue interface
Amplitude (mA) x Impulse width (ms) = Impulse charge (C)
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C. Classification of nerve fibers by size and conduction velocily //'J
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Nerve Stimulation
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stimulation response
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stimulation response
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C. Classification of nerve fibers by size and conduction velocily //'J
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reflex and posterior root reflex in the soleus muscle

M-wave H-reflex Posterior root reflex

100 maA,

B0 mA

T ma

59 mA

35 mA

49 m#a,

45 ma,

41 ma

39 mA

35 mA

30 mA

40 S0ms

by Matthias Krenn



orthodromic afferent
~ 100 m/s

antidromic afferent
=~ 100 m/s

reflex response

1 orthodromic efferent
=~ 60 m/s

orthodromic afferent

=~ 100 m/s
antidromic aﬁerer&
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orthodromic reflex response = 60 m/s
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If we have an idea on fiber recruitment —
- what about neural processing / control of movement ?
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Electrical stimulation of peripheral nerves or posterior roots can activate
monosynaptic and polysynaptic reflex arcs



Augmentation of residual neural control by non-invasive spinal cord stimulation
to modify spasticity in spinal cord injured people
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Posterior root reflex as marker for discompleteness

Modification of posterior root reflexes: Attempt to extend both legs (red), control (black)
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Augmentation of residual neural control by non-invasive spinal cord stimulation
to modify spasticity in spinal cord injured people
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Fig. 2 Charscieristacs of the Polysysapis: pesponses, A Exemplary
mesporsex from BH on SID 10 with 3-0+electmde configuration.
The sEMG show in blue the short-Ldency (Monosyapsc) pesponses,
appearing alfler-T ms, and. in red. the bonglabency (polysymap-
i} responses, which appesr in rao groups with latenciss of around
30 ms and 260 ms. Both types of nespomses evohe when the dim-
ulus intensity is soreased. B Fstimated recruitmens curve for cigln
subgects (SID2 aad SIDE excluded). showing the 95% coahdence
inicrval #or the mean ampditude (narrowband) and standard devia-
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grouped logetherk IV shows the mean mavimum response for each
muigche and clectrode contigumtion (SIDE exciaded due 0 continu-
ous activity mid associaled with the stimolatson). Fimally, E Shows the
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Experimental Brain Aesearch
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Effect of altered frequency on passively induced flexion
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Augmentation of residual neural control by non-invasive spinal cord stimulation
to modify spasticity in spinal cord injured people

Main results and impact Babinski

10pps / 20mA

NO stimulation

50pps / 40mA




Control of spasticity

Assessment of spasticity using the

without
eSCS
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Facilitation of stepping in incomplete SCI by tSCS
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SPINAL CORD RESEARCH FOUNDATION.
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Facilitation of functional standing and walking in wheel-chair bound spinal cord injured Dimitrijevic MR
people by spinal cord stimulation: Study of neurocontrol and biomechanical output Clinical practice of FES: From “Yesterday” to “Today”
WFL-FR-001/06 Artificial Organs. 2008 Aug;32(8):577-80




Mesh Glove Electrical
Stimulation

by M. Meta Dimitrijevié, Nachum Soroker,
and Fabian E. Pollo

SCIENCE & MEDICINE
May/June 1996
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C. Classification of nerve fibers by size and conduction velocily //'J
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Michael D. Mann:
The Nervous System in Action
http://michaeldmann.net

MIXED NERVE, predominantly afferent

Glycolytic & aerobic motor units —
- mixed morphology in nerve and muscle

Control-, metabolic and biomechanical issues




muscle response
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Frequency dependence of
contraction force development and muscle fatigue
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Summary

Stimulation interface
— neuron activation

e Size and distance dependent recruitment of fibers (in groups)
- Lowest threshold — large afferents
- Growing intensity co-recruits smaller fibers gradually

e Synchronous start — dispersion by distance and conduction velocity

e Beyond recruitment - frequency influences
- central interneuron processing as afferent input
- contraction properties in efferent neuromuscular activation



Consequences of muscle denervation

Healthy thigh

4 years denervated || 8,7 years denerv.

MFCV,.x vastus lat:
healthy 4,48 m/s
10moden 2,40 m/s
30moden 1,20 m/s




Stimulation parameter ranges

Nerve stimulation: Muscle stimulation:
m Pulse width (biphasic) m Pulse width (biphasic)
typ. < 0.5ms per phase typ. >15ms (=250ms) per phase
m Frequency (fused contr.) = Frequency (fused contr.)
25 Hz 25 Hz
m Amplitude range (Surface) = Amplitude range (Surface)
= =100V /= £=300mA = =100V /= £=300mA
m Amplitude range (Implant) = Amplitude range (Implant)
> =10V /= +=30mA = =10V /= +=30mA
] fahase<0,5 ms | :phase>15 ms

< 1lms flms ) > 30 ms . ) > 30 ms

period T  frequency f=1/1t . ) f=1/7




Single fiber recording
(PhD-Thesis Christian Hofer 2008)
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Single stimulus response
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150 ms 300 ms 150 ms

A

\ 4

6,2 Hz

A A
v

R :15 ms
40 ms
) 500 ms > )
Excitability Period < 50 ms Pulse phase > 15 ms P.Fp
conditioning > 20 Hz Period 40ms / 25 Hz
10pps

Single twitch = unfused tetanus = fused tetanus | . |
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biphasic rectangular
30 Hz, 1ms/phase

sub C5/C6, AIS A
S years post injury
2x [ week, 20min:
Single twitch FES, low
frequency, 80ms per
phase and pause

biphasic ramp
150ms/phase
150ms pause




Temporary
or chronic s
denervation fusiary.
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ASIA IMPAIRMENT SCALE

A — Complete: No motor or
sensory function preserved in the
sacral segments S4-S5.

B — Incomplete: Sensory but
not motor function preserved below
neurological level and includes the
sacral segments S4-S5.

C — Incomplete: Motor function
preserved below neurological level,
and more than half of key muscles
below the neurological level have
muscle grade below 3.

D — Incomplete: Motor function
preserved below neurological level,
and more than half of key muscles
below the neurological level have
muscle grade of 3 or more.

E — Normal: Motor and sensory
function normal

flaccid

Paraplegia
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Vienna FES Workshop

since 1983

——

https://fesworkshop.org/14th-workshop-2022
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Smile and Breathe: Atmung, Schlucken, Mimik = Chancen und
Herausforderungen der Behandlung mittels Funktioneller

Elektrostimulation

18. & 19, Novemnber 2022 im International FES Centre®, Mottwil und online via Zoom

Ziel des Kurses ist das Edernen von theoretischen und praktschen Grundlagen der Behandiung mittels Funktoneller
Elektrostimulation in der Neurorehabilitation bei Storungen der Atmung, des dhluckens und der Mimik,

https://www.paraplegie.ch/spz/de/kur
s-atmung-schlucken-mimik-
international-fes-centrer/



