Elektromyografie

Definice

» Grafické znazornéni elektrické aktivity
kosternich svalu

— snimanim z povrchu téla

— snimanim z extracelularniho prostoru svalu




Elektrogeneze

» Klidovy potencial [mV]

» AkcCni potencial [mV]

* Synapse => EPSP, IPSP

» Extracelularni tekutina = vodivy elektrolyt

* Ruzné ohmické odpory tkani = rtizné Sifeni
biosignali

* Povrchové potencialy [uV-10mV]
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Figure3.9 A presynaptic action potential can induce either
a depolarization or a hyperpolarization of the postsynaptic
membrane. These effects are called EPSP and IPSP,
respectively.
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Figure 3.10 Temporal summation occurs when several action potentials arrive at a presynaptic membrane at intervals that do
not allow individual EPSPs to disappear. Their effects can sum up and induce an action potential.
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Figure 3.11 Spatial summation occurs when several action potentials AP1, AP2, and AP3 arrive simultaneously at different
synapses on the same postsynaptic membrane so that their individual EPSPs sum up and can induce an action potential. The
insert shows possible location of the three synapses on the target neuron.
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Figure 4.8 A typical twitch contraction of a muscle in

response to a single stimulus.




Motoricka jednotka

* Svalové vlakna, ktera jsou inervovana jednim
motoneuronem.

 Hennemaniiv princip — zapojovani motorickych jednotek
probiha od postupné malych po rozsahlé, odpojeni probiha
v opacném poradi.

* Frekvenc¢ni modulace — prenos signalu je umoznén pies
frekvencni modulaci nikoliv pfes modulaci amplitudovou!!

* Stejna svalova sila muze vznikat zapojenim menSich MJ na
vysSich frekvencich nebo vétSich MJ na frekvencich
nizSich tzn. pocCet aktivnich MJ pi1 izotonické kontrakci
negativné koreluje s jejich frekvenci AP
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Figure 6.2 Twitch contractions (A) and tetanic contractions
(B) of three motor units. Note that the fastest and strongest
motor unit (MU ) shows the largest drop in force with time
(fatigue), while the smallest and slowest motor unit (MU,)
does not show fatigue at all.
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Figure 5.3 Typical responses of a primary spindle ending
10 an externally imposed muscle stretch at different veloci-
ties. Note that the response increases with muscle length and
with the velocity of stretch.
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Figure 6.4 Muscle force is kept constant. A change in the
number of recruited motor units correlates (negatively!) with
their mean frequency of firing.




Snimani
D

» Jehlova EMG- riizna vzdalenost od nervosval.ploténky =
rozsifeni a ,,rozkmitani* AP

* Povrchova EMG
« High Resolution EMG — obvykle 256 kanala

 Potencial do 10mV, frekvence 0-500Hz, dominantné 50-
150 Hz

e Odpor kiuze + umisténi

» Elektrody, aktivni elektrody, pohybové artefakty

e Zapojeni — unipolarni x bipolarni

» Zesileni — diferen¢ni zesilovac, dvojity diferencni
zesilovac
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Figure 1 - Frequency spectrum of the EMG signal detected from the Tibialis Anterior
muscle during a constant force isometric contraction at 30% of voluntary maximum.




Zavislost EMG na mistu snimani
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Doporucené umisteni elektrod

-

Innervation Electrode Tendinous
Insertion

Figure 4 - The preferred electrode location is between the motor point (or innervation
zone) and the tendinous insertion, with the detection surfaces arranged so that they
intersect as many muscle fibers as possible.




Schéma diferencniho zesilovace

—_—

EMG Signal

Figure 2 - A schematic of the differential amplifier configuration. The EMG signal is
represented by ‘m' and the noise signals by 'n’.




Dvojity diferencni zesilovac
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Figure 6.9 An action potential runs under a pair of electrodes. The difference of potentials recorded by the electrodes will change
its sign (the upper record). Rectification means making all the values of the difference of potentials positive (the lower record).
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Figure 6.10 The effects of different filtering and rectification procedures on an EMG signal recorded with surface electrodes
from a human biceps muscle during a series of brief voluntary contractions. The upper signal is the “raw” (unprocessed) EMG
signal sampled at a high frequency (1000 Hz) by the computer. Note the similarities (e.g., burst timing) and differences in the
signal under different filtering.
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Figure 1 - Frequency spectrum of the EMG signal detected from the Tibialis Anterior
muscle during a constant force isometric contraction at 30% of voluntary maximum.




Monosynapticke reflexy + rychlost
vedeni vzruchu
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Figure 8.4 A scheme of experiments with an electrical
stimulation of a muscle nerve. Note that the stimulus is
applied to both afferent and efferent fibers.
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Figure 8.8 A tendon tap excites spindle endings and may
induce a monosynaptic reflex contraction (T-reflex). Its
reflex pathway is the same as for the H-reflex.




Zaver

pro védecke ucely: vzdy sestavit hypotézu, teprve potom

pied méfenim znat déje, které métime a k tomu prizpusobit
nastaveni pristroje (zesileni, A/D, vzorkovaci frekvence)
rozhodnout zda-li pouzit filtr analogovy ¢i digitalni

vzdy pouzit zobrazeni ,,nativniho* analogového signalu pro
kontrolu digitalizace (osciloskop)

znat presné parametry a limity pristroje

DOBRE znat zpisoby jak ziskané , k¥ivky* zpracovavat a
hodnotit

o dulezitosti standardni metodologie (o€iSténi kiize, lepeni
elektrod, atd.) doufam neni nutno ani hovorit

vzdy mit moznost ulozit a dale zpracovavat nativni data




Pti1 dodrZeni vSech zasad se muzeme téSit na takovéto vysledky...

ELBOW EXTENSION
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Figure 11.3 The triphasic EMG pattern begins with a burst of activity in the agonist muscle (triceps). followed by an antagonist
burst (biceps; its EMG is inverted for better visualization), which sometimes is followed by a second agonist burst. Note that the
first agonist burst starts several tens of milliseconds prior to joint trajectory.

Adapted, by permission of Cambridge University Press. from M.L. Latash and 1.G. Anson, 1996, “What are normal movements in atypical
populations.” Behavioral and Brain Science, 19: 57. © 1996 Cambridge University Press.
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