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. , tj.BSTRACT

,-',

A proc\,dure, 'Eor, the recoraing and 'storing or EMG sign,:ls Eor the
,.

automa.;ic extraction of indivj{dua;J, motor ,uni't 'rate coding. and
.... ".

the resu'Lt ofareMUP'S

, .
morphological information ;"as developed. _ The extraction' of. the~~,jte

coding information i~perfoimed b~~: the.; ana.lysis' of. 'indIvidual motor"~dit'
. ,- ~ , , (' ",/,/\

action potential ~~ains (MUAPT; S), oijtain!'d by' d~composing the"cpn;posi:~e

EH~' signal, r<,.;6rded 'from' 'a selective surface of'a'iie~d'l.:"electrode._, , ." r--z.
The morphologica'linfo,rrn3tio~ is de'riv d f"'rom the an,n.lysis'of macro

I ,-
motor unit potentials (}lUP' S). ;The

ensembie a~eraging the c~hnula recorded signal, ~sing the individual
, ')." "'r

MUAPT'S 'as sources of synchronizing trig ers for the averaging, process.

'A standa.rd single fib're or macro EHG'needle electrode can be used.

:~ignals recorded during isometric, constant or slow" force

varying contractions, up to 50% of the maximum voluntary conEraction

lev~L" ,can besucce-ssfuily analyzed. The number of·' motor units,

simultaneously studi~d, usually ranges from 3"t65. ,The' proces~ing of

the d"ta, for eac!> second of miistle contraction, can be performed. by a
, .:'

PDP 11/34 'comput'1,r in a,pproximately .one minute, with 95% accurate,' rate

coding:l:nformationobtained,'Thisspeed and accilracy may increase
<-

the .;,:

clinicalii~e of rate :codinglnformation. The pro~edure also provides ,

information "individual-motor ',miitrat'1 .. :coding <an!!;', morphological·
.

simul taneously, . ahowing - correlation ,of motor unit
..' ."

sizes with firing

....,,

".,...
rates and identification of macro MUP'S for high threshold motor units.
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CHAFTER 1

INTRODUCTION

",. <'>.,
~:..

It'has been known for many years that muscle contraction is

~, "initiated and controlled by neural inputs. The basic contractile elemiCt

of musc.le force produc,tion is the motor unit. f,. niotor unit is d'efined as
. '-,'...

an alpha motor neuron 'and all the muscle fibres innervated by its; axon

(Katz 1966). When the 'motl:>r neuron of a motor, unit fires ::<1'( 'electrical.- :~..
Impulse., all the muscle fibres of that motor'unit contract, causIng a

muscle twitch. The twitches of m:'ny independen,tlycontracting motor

units summate to create a smooth muscle c~ntractio; (Guyton 1~77). In

this way, the motor unit acts as th" ba~ic incremental element of force

used by the nervous system for the control of, muscle tension •./
"'-..

.; "}l,
One' the' nervous system changes ~~e level .''of muscle

......

contraction is to change the fi..ring rates of the active motor U1;lits.
"

,This method of control is ~alled rate' coding. Controlling the, number of

'", motor units active:l:s the other way the nervous system controls muscle
. ,f ,

contraction intensities. This control mecharii~m is called recruitment.

These two mechanisms are the only ones used by the nervous system fo, .;"

,the controi of muscle contraction (De Luca 1979).

Motor uri~orPhOlOg; deals with the si~. ,number and

distribu,tio\\.'of its component fibres. Muscles ,are c?",posed of a varying

number of motor units 'ranging from less than one dozen to, several

I

'thousand.

\
The identified size of a motor unit is determined' by the,

1



2

l'
:,i'mplitude of its twitch tension. Motor unit size is thus dependent on..-.

the number of fibres and the "cIiameter' of 'the fibres ,in the motor unit •

.~,.. The number of fibres in a motor unit rang,,'s from seve'ral, to several'

thousand. The ,circular,' area·... withi'n . a m~'sCle in which' fibre,s from a

sped}ic.. motor uniJ ean be found varies"usually from 3-10 mm in diameter
' .. '...... .

(Buchthal et al' 19'59, St~1berg and ··A~i:on.i 1980 )'. This area is called
. '."

the motor unit territory. Fibre distributions within motor unit

Contraction of mus.c'le is" accompanied' .by substan,tia.l electrical
.. "

nOrma~ly, random, uniformly distributed (De ,Luca 1979).

The motor' unit territories, of many mot'or units overlap considerably

(Bue thalet;'~i 1958).

territories are
,. '

..

.' '

activity. The basis bf this eleCtrical ·f:ibre

action potentials (MFAP), which propagate outwa'rd from' 't'he innervation

zone in both,pirections the length of the' muscle fiqre eaCh time a
• , ~ ..• ' ,. .. . ". ...j

muscle fibre contracts~·,..The temporal pattern of this el,ectricai~cti:'ity

"'; is caused by the neural inputs t,o the muscle.' The amount and spatial ..
. ,'~.-

·· .. distribution of this electrical activity is determined.by the
'\

size and ·distrib.ution of' .the' active muscle fibres.. Th",efore,the

electrieal activity '",,\\soc!ated ,dth' muscle contraction can be considered. ., . . .' . "' ...
. 'as 'an information source of' both neural . inp~t 'andin';scle morphology •

.' " .. " .

By the, use .of suitable electrodes ,··and ~plifi2ation, the

"lectrical activity, ot muscles can be measured •. ' ,ThiS', measured a~tivity

"is called an'electromyographic'~EMG) signal~ EMG signals then, can

contain information about both the neural input, during contraction and

the morphology,cof the muscle from which they weJ;:e recorded.,

~,,'.".-



Motor units active dur'ing a contracqon' and with fibres, in
"

3

the

measurement ,volume of the recording electrode will contribute to the E~~

signal. Due to the almost sYnch~pnous firing of all the fibres of the
•

motor unit, their propagating electrical activities (their MFAP's)

'summate at th'e recording e~ectrode to create the ,motor unit ',action.

po tential (MUAP)" Due to unique geometries of the fibres of each motor
'~

unit relative to the electrode, the recorded MUAP's will have unique C

'.
shapes and sizes. Rate coding information can be extracted from the EMG

for ,these mO,tor units by a'nalY,zing the temporal spaci'ngs' of the

ind,ividual MUAP's in the EMG. Morphological infot1Uation can be obtained'

by measuring features of the EMG that pertain to the spatial

'distribution of'th~ electrical field created by, the contracting motor
•.'

units.

Rate' coding and ,recruitment information are of interest to

physiological researchers'!;. TQ.ey hold t~e key as to how the muscle

•
contractions ",sed

C1ini~ally, this

~, 'S!

for vaorious different: bodily' furre.tipns are ;::ontrolled.
~' .' "

~,~ ,

informatian may be' very useful. Neural control
';.'

changes, with different pathologies, may p,:ove to1>~ powerful diagilOs tic'

indicators.
,

Presently however; this information is not clini~ally
I'

available, nor'are its clinical parameters fully unders tood., Muscle

morphological i~formation, also of interest',. to IlQysiologicai

researchers, is the prime diagnostic tool' presently used by clinical

"electromyographer$. . This information allows the clinician to estimate

the number oimotor units in a muscle, their size, distribution and

fibre densities. These estimates, when compared to normative...d·!lta, help

determine the clinical state of. the muscle in question.



•

\
4

" '..

The specific information in an EMG signal is a direct function

of the type, of electrodes used and the state of contraction of the

muscle. To extract information about individual motor units, the EMG

signals must be recorded ,with very selective electrodes which register

" \the activity of only a few motor units at anyone time.
, .

'Selective

electrodes ~nd moderate levels of contraction will allow the co~ponents

of each individual motor unit, to be recognized in the compo?ite EM~

,:"",,:'ignal. This, in turn, will allow information pertaining to each

individual motor unit 'to be obtained. If the EMG signal, becomes too,

complex to <retermine the individual motor unit' contributions,,' only,

'parameters dealing with the whole electrode measurement area 'will be

available. Individual motor unit control and morphological information

,

will not be obtainable.

The work presented in this thesis was initiated in an effort' to

determine a s'igmil collection and processing' technique which can extract

both '.i.nd:i.Vidual,mot~r unit rate' coding and morphological.,' information

from an EMG 'sighal as accurately and efficiently as possible.

Consequently, this ~ork will_be dealing with selective needle electrode
,

, EMG recording technique's.

The nature of the composition of EMG signals is outlined at the

beginning of' Chapter 2. Present needle electrode EMG recording and
" .

analysis techniques an~ the ~nfo~on obtained are ~hen reviewed.

This chapter deals ~pecifically with comparing different\EMG.sign~ : '

compositions 'a; a function of the type of reCOrd~ng electrode ~~,'
contraction protocol. used. It discusses the information' that is. ,~ . .

presently extracted from the EMG signals record~d under the various...
















































































































































































































































































































































