Electrical Stimulation

(Electrotherapy)
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Neuromuscular electrical stimulators (NMES)
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(muscle re-education)
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Electrical muscle stimulation (EMS)
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Electrical stimulation for tissue repaired (ESTR)
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Functional Electrical Stimulator (FES)
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electrical nerve stimulation, TENS)
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Functional electrical stimulators
for restoration of limb function

Functional electrical stimulation (FES) is “the application of electrical current to
excitable tissue to supplement or replace function that is lost in neurologically
impaired individuals” (Peckam & Knutson, 2005).

ROWING WITH FUNCTIONAL ELECTRICAL STIMULATION (FES)

With the help of British inventor Brian Andrews, Spaulding High-backed
Rehabilitation Hospital in Boston has launched the country's o seat keeps the
first full-body rowing program for paraplegics, using modified paralyzed
indoor rowing machines. s itti
o Electrodes stimulate the paralyzed ' rowerus;::;;'g:
quadriceps and hamstrings, causing
the legs to thrust and retract
Trigger
allows
rowers to
power their
own leg
, muscles
‘ ‘ while pulling
Shin braces keep the legs il the handle
from flopping to the left or right \
Stimulation units A Springs help rowers
powered by a 9-volt battery ! change the direction
SOURCE: Spaulding allows a technician to adjust the of their movement 17

Rehabilitation Hospital voltage delivered to muscles e JAVIER ZARRACINA/GLOBE STAFF



Tension in tendon
Motor Motor Motor
unit1 wunit2 wunit3
Time
u The tension applied to the tendon
remains relatively constant, even
though individual motor units cycle

SPINAL CORD

Axons of

motor neurons
the forces applied to the tendon remain roughly balanced

B} Muscle fibers of different motor units are intermingled, so
regardless of which motor units are stimulated.

between contraction and relaxation.



Spinal cord and spinal roots

Base /

¢ C: cervical
c2

of skull 3
Cervical a T:thoracic
enlargement ——— Ccs
¢ L:lumbar
Cc7
c8 .
S: sacral
Lumbar ——T1_114
enlargement —___
L Conus medullaris
L1 (termination of
spinal cord)

Internal filum ——— Cauda equina

terminale of —L4

pia mater L4

7 -LS
Ls
———— Sacrum
S1
External filum S2
terminale of 33 Tarinaiondi
dura mater \ - s4 d n;na n
ural sac

S5
Coccygeal nerve

Coccyx

Standard neurological
classification of spinal
cord injury

dermatones

* Key
Sensory
Points
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End plate potentials

End plate potentials, in
mV. A: Weakened end plate

potential recorded in a curarized +60 =
muscle, too weak to elicit an +40 — \
action potential. B: Normal end +20
plate potential eliciting a muscle g 0
action potential. C: Weakened é —20
S 404

end plate potential caused by

botulinum toxin that decreases =25
_80- N— ~—

end plate release of o0 A B o
acetylcholine, again too weak to B . . . . .
elicit a muscle action potential

[Reproduced by permission from

Guyton & Hall (2006)].

Milliseconds
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FIGURE 16.11 Liberson’s method of muscular stimulation in human beings to aid in walking. [Taken from US

3,344,792; Offner & Liberson (1967)).



(A) (B)

The NESS H200 (A) and L300 (B) stimulate hand and leg muscles with surface
electrodes (Bioness, Inc., Valencia, California).
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Example devices (3)

The most recent implantable FES system

approved by the FDA: the NeuroControl
Freehand. [figure reproduced by

permission from Peckham et al.
(2001)].

Electrode

)
=3

Electrode leads

Implanted stimulator
Transmitting coil External

controller
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Example devices (4)

LEGEND:

Signal —

Implant

|

o] .

P\ T % | Electrodes/ | Waveform |, D _| Telemetry :
ro—lb < . < ecoder > .

LL — p— leads circuit receiver :

|

I |
I |
Shoulder | ! | Processor | | Power || Telemetry
sensor : module amplifier : transmitter
L . T, T | — 4
¥

______________________

NeuroControl Freehand system diagram
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Example devices (5)

Bion cross

Anode
M ° electrode Bam Cmacitor Inductor
Coil Crystal g \
section (A) and block diagram / \ N N 1
(B) [Reproduced by permission [II“H : Em == ,{ g
- | . teEsoRT 2
from Lee et al. (2009)]. ” K
I~ 31cm i
(A)
The bion is a microstimulator that Vo
contains a transceiver for data and Rl ‘ e |
. ) | W gement Unit :
battery recharging, a goniometry oo Vom I ey |~ Rogutators > 27V
. . ng TCE : Rectifier charger and &DC-DC |> 1.8V
sensor to detect relative motion of a ety g | o converters |1 0.9V
R e e o e L
nearby permanent magnet, an Veowe
| Goniometry 1 ——
electrode anode, and an electrode B sl I [
cathode. &
Seri Mux Biopp(enﬁal
wageic " watace || 20 o= |
(8)

26



