Non-invasive Spinal stimulation to
improve sensory-motor rehabilitation
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Neural plasticity is the ability of the nervous system to
change its activity in response to intrinsic or extrinsic
stimuli by reorganizing its structure, functions, or

connections.

PRE-SYNAPTIC
NEURON

DENDRITIC
SQNES

>

DENDRITES

b
T

=<

OLIGODENDROCYTE

AXON
TERMINALS

SYNAPSE

POST-SYNAPTIC
NEURON

B > I

=
AXON T NODE OF
RANVIER
MYELIN
SYNAPSE SHEATH
Signals from Action potential Axon p. signal to
ons to dend generates out o f soma dendrites of other neuro



Synaptic plasticity is involved in learning and
memory, brain development and, sensorial training,
and recovery from brain or spinal cord lesions.

Brain stimulation

«TMS

«Transcranial direct current stimulation

« DBS (mainly experimental)

« Epidural cortical stimulation (experimental)

4 o ﬁ EEG electrodes

/ W s DBS electrode

Functions restored

+ Direct supraspinal drive i
of motor output P

« Excitation or inhibition .
of supraspinal circuitry

« Predominantly hand
function

Epidural spinal
stimulation

Spinal cord stimulation

« Epidural spinal stimulation

« Transcutaneous spinal stimulation

« Intraspinal stimulation (experimental)

Functions restored
« Enabling of spinal circuitry to enhance motor output
« Predominantly locomotion

Brain-machine interface

« Brain-machine interface to reanimate muscle
via functional electrical stimulation

« Brain-machine interface to drive external devices

« Brain-machine-spinal cord interface via epidural
spinal or intraspinal stimulation

Functions restored

« Reactivation of paralysed muscles

« Control of extracorporeal devices
(eg, keyboard, robotic limb, or
exoskeleton)

Via brain-machine
interface

Nerve
stimulation

Functional
electrical
stimulation

Peripheral stimulation
« Functional electrical stimulation
+ Somatosensory stimulation

Direct*

Functions restored

+ Reactivation of paralysed muscles
« Stepping, reaching, and grasping
+ Bladder voiding




INVASIVE AND NON-INVASIVE SPINAL CORD STIMULATION

Non-invasive
electrical spinal
cord stimulation
(NESS) for
upper limb
rehabilitation

f Targeted epidural
spinal cord
stimulation \

- (TESS)—invasive

- technology, for

lower limb
rehabllltatlon




EPIDURAL SPINAL CORD STIMULATION




Eplidural Spinal Stimulation in complete spinal cord injury

Edgerton laboratory



Sensory Input

Neuromodulation }

- Descending input
- Sensory input

= Interneuronal Network
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Diagrama del mecanismo
hipotético de la
neuromodulacion

Gerasimenko YP, Lu DC,
Modaber M, et al.
Noninvasive Reactivation of
Motor Descending Control
after Paralysis. J
Neurotrauma. 2015.



The central pattern generator of locomotion




Non-invasive spinal cord stimulation=trancutaneous SCS

[N
1

' L Cathodes:
_ C3 -

C6




Transcutaneous Spinal Cord Stimulation at
cervical level
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Noninvasive activation of cervical spinal networks after severe
paralysis
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EXPERIENCE IN OUR LAB



How do they work together?
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IN THE HEALTHY SUBIJECTS
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Cervical transcutaneous spinal cord stimulation in
healthy subjects

Grip: Max Vol Contraction

. (4 sec x3)
Hand motor functional tests
. e traini
Box & Blocks ——training MVC: Strength raining
(1Tmin) e tcSCS
====1cSCS
85 120 e=training +
* tcSCS
==training + 115
tcSCS
80 110
F
% &8 105
S G
X
% 75 E 100
95
70 90
85
65 80
75
60 70
basal 0' post 60' post basal 0' post 60' post

Combining interventions work better than each intervention alone



GAIT FUNCTION AND LOWER INTENTION OF WAL
EXTREMITY ‘
IN SPINAL CORD INJURY
Folowing Trancutaneous Spinal
Cord Stimulation
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TIME (SECONDS)
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CORD STIMULATION
| COMBINED WITH ARMEO ARM TRAINING

e

ﬁ TRANSCUTANEOUS CERVICAL SPINAL

FOR ARM FUNCTION RECUPERATION




Total muscle stregth
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N RANSCUTANEOUS CERVICAL SPINAL CORD
STIMULATION
COMBINED WITH ARMEO ARM TRAINING
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TRANSCUTANEA SPINAL CORD STIMULATION FOR
RESPIRATORY FUNCTION
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Figure 23. Spinal injury levels and the breathing muscles affected




tSCS combined with
respiratory rehabilitation




Inspiration
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Inspiration

Maximal inspiratory pressure (MIP)
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FVC (Forced vital capacity)
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