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INTRODUCTION

in 1948, when Prof. Pinelli joined the Buchthal research team for iwo
years, he made thousands of measurements on motor unit action potentials
(MUAPs). These efforts, mainly concerned with MUAP recording metho-
dology and the identification of variables which would best describe the
MUAP, were done slowly and carefully by hand. Many EMG researchers
have subsequently sharpened our awareness that quantification of the EMG
is required for reliable clinical interpretation. And computer methods have
evolved to handie the tedium of quantification. However, the facility with
which we may now record and quantify the EMG has again forced us to
ask what should be measured, how should it be measured, and how may
it be interpreted.

It is increasingly clear that collaboration between clinical neurclogists,
neurophysiologists and computer systems analysts may be a prerequisite
for comprehensive understanding and useful clinical application of new
trends in EMG. In this spirit the authors, Prof. Pinelii {ctinical neurologist
and neurophysiologist) and Prof. Leifer (system analyst and neurophysio-
logist), have collaborated in the production of this report. It is our intention
to present an estimate of the form and direction that developments in
classical clinical EMG could take in the next 5 years. A survey is not
attempted, rather, we wish to cite those experiments and methodologies
- which in our opinion will contribute most to our understanding of Motor
Units and EMG generation. We shall state our opinion in the form of a
hypothetical experiment.

Our experiments are predicated on the concept that the principle goal of
4 clinical EMG examination is to obtain a full-and unambiguous definition
of the structure and functional status of the MU population of a specific
uscle on a specific date. We are primarily interested in the MU (fig. 1)
acause it is the natural unit of activation. There are subunits, the single
muscle fibers and neuromuscular junctions, which may be observed to
‘yield information about the MU to which they belong. Following reinerva-
tion, it may be necessary to consider grouped muscle fibers (Buchthal and
“R_o_senfalck 1973; Pinelli 1975). There is also a supraunit, the whole muscle,
whose activation pattern may be observed to infer information about the
inber and form of the MUs of which it is composed.

ere are two views of the MU which guide us. The first, figure 2ab,
strates the perceptions of the anatomist/physiologist. The second view,




tigure 2¢d, represents the MU from the
analyst,

point of view of q""systems/signal
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CLINICAL PROBLEM ;

We suggest that there are two basic principles of clinicé! EMG which must
be accounted for in the development and application of new methodo

logies.

1) Muscular somatotopic Specificity
2) Motor Unit Activation Specificity

“Muscular Somatotopic Specificity”
perties and clinical diagnosis are f
investigation,

acknowledges the fact that EMG pro-
unctions of the specific muscle under
its innervation, function, and utilization. Accordingly, an in-
vestigative procedure which can be applied to virtually any muscle of the
body will find the widest acceptance. This flexibility is essential to compa-
rative EMG and to full realization of the diagnostic potential of quantitative
EMG. We wish to draw a sharp distinction between muscle fiber, MU, and
whole muscle measurement methods which are intended to substantiate
or make a clinical diagnosis in accord with “Muscular Somatotopic Speci-
ficity”, and those methods which contribute more general information about
biophysical properties of muscle.

“Motor Unit Activation Specificity”
ment of single MU's can be modali

acknowledges the fact that the recruit- ,

ty specific. In disease states, units may
be diiferentially affected (as in the so-called selective MU disorders

asscribed to King Engels 1968). According to clinical priorities, we are
most concerned with voluntary activation. Tonic and reflex muscle acti-
vation studies provide additional information about the motor neuronal
substrate upon which voluntary control is superimposed. Supramaximal
electrical stimulation and maximal voluntary activation of muscle are im-
portant procedures in that they provide a basis for standardization of
graded activation. We are skeptical about graded-stimulus-amplitude me-
thods for eliciting single units (McComas et al. 1971). Milner-Brown and
Brown (1976) have found that motor unit counts so obtained are in general
‘erroneously high'. Graded-time-interval activation methods have proved
useful for nerve conduction latency spectrum estimation where no claims
are made regarding single unit properties (Hopf 1964, Leifer and Meyer
1976). Averaged single unit surface potentials have been well used in
conjunction with supramaximal stimulation of the M-response and histolo-
gical estimates of the nerve conduction spectrum to predict the number of -
MU’s in the test muscle (Lee et al. 1975). Artificial activation methods pro

vide needed information though technical constraints on their universal:
application are occasionally severe.

' NEUROPHYSIOLOGICAL PROBLEM

lysis. Few

impi i igation of MU-
Major issues in neurophysiology impinge upon our investigation
EMG.

1] Size Principle .
2) Tonic versus Phasic Function
iophysics
¥ Sforiox’;or neuron excitation dynamics
b. action potential dynamics _
¢. neuromuscular junction dyne‘lmlcs _
d. excitation/contraction coupling dynamics.

i i ontext of
While 1t is not generally feasible to study ?:hese |ssuei lnwthiacntitatwely
linical EMG,we believe there exisis a growmg. need to know ¢ ey
n hat way’ MU-EMG depends on such variables. As we s S
- a j . - a _
in Whasize predictive modeling of MU properties from Sl.{bunl; ﬂ?ese e
em‘tp obser\'fations is dependent on quantitative understanding o
uni

siological variables.

TECHNICAL PROBLEM

. em ana-
* We address ourselves here to the need for better signal and syst

. anal
i i i ow with regard to EMG signa
if any basic problems exist n e ity 0

- - . ifiers, filters, sam
acquisition (electrodes, pre-amplifier the utilization of small

this context we wish to focus our attention-on
computer facilities for the following purposes:

1) Experiment Control
2) Signal Analysis .
3) Simulation of Physiological Systems

. - j s for a
This classification scheme is useful n qummgd e :sqﬁ;rseigz;?cal pro-
‘computer technology solution to our clinical an neuin pone or all of the
EI'bIems. A single investigation may use therc‘:‘ompu’fé"have dealt primarily
_above modes. To date, computer n'.zethods in I.El\/l e e stess the
‘with digital signal acquisition and .s:gnal a.naIYSIS. s obiain better
value of computer controlled experimentation as a m e o thot EMG
nd occasionally unique data. With equal emphasis, e eal under
mulation is an increasingly relevant approach to‘ o‘turence of diagnostic
tanding of EMG generating mechanisms and the infer




THE EXPERIMENT

/

/

!
A reasonably full undestanding of the MU and EMG geneﬁétion is obtained
when we have quantitative data for each of the signal paths described in
figure 2c,d. We propose to use an experimental system as illustrated in
figure 4. Today, such a system exists only piecewise or not at all. For

illustrative purposes, real and hypothetical results will be given in the
following section. ‘

Electrodes

Six electrodes are required for our experiment:
reference, 2 for recording, and 2 for stimulating. Th
electrode mounted proximal to the muscie under examination and used
as system ground reference. The second electrode, also on the surface, is
small and placed over the distal tendon of the muscle. This electrode is
used as the common reference for differential amplification of the two
signal source electrodes. Electrode number 3 is an implanted wire macro
electrode. The wire itself may be 25y stainless steel free of insulation over
the entire length of its exposure within the muscle under examination.
This electrode may be placed via a 27 gage (or smaller) needle using a
small hook shape at its distal end to resist withdrawal when the needle is
removed (Basmajian 1974). Ditferentially amplified with electrode 2, this
macro electrode will be used for summated EMG, electrically evoked
M-responses, and in conjunction with the 4th electrode for averaged
MUAP-EMG. The 4th electrode is a small needle electrode for single mus-
cle fiber electromyography (Ekstedt 1964). Differentially amplified with
surface electrode 2, this electrode signal is used for measurement of the
junctional delay pdf, SFAP, single unit spike train statistics, and in con-
junction with the macro electrode as the triggersource for average MUAP

identification (Lee et al. 1975). Should this methodology prove successful,
electrodes 3 and 4 could be combined into a single device.

1 for grounding, 1 for

Electrodes 5 and 6 are used for electrical stimulation of the motornerve.
Both efectrodes are surface mounted, one distal {5) and one proximal (6). :
The interelectrode separation should be as large as possible with 10 cm
representing a rough minimum. These electro
paired supra-maximal stimulation of the nerve. The resulting M-responses
(via electrode 2) are used for estimation of the axonal conduction velogity

probability density function, pdf (Hopf 1964, Leifer et al. 1976a.b) and the
whole muscle auto-power-spectrum.

des are used for two point ¢

e first is a large surface

SIGNAL ANALYSIS

Muscle Response MI(t)

eriment the integrated muscle responsej M(1) i.s obtained Imﬂ;c;z
v ?Xp h ire macro electrodes. Firstly, it is obtained by vo.u '
Wi}i/\?a;;antTii;V may be at graded effort levels, tgou%[t:] Wer e;rgth;?;irloi
o . i ivati accord with ou ‘
i?teresmd . mti)::lr;mwzft:c:)r:n;lf’:évf;:aogcnljcier auto-power-s?éctrum of this
Il'nearl SzStei:SSa b La(;king evidence to the contrary, one initially ass.unrjnueni
ft:i:an;a:(?r‘:mm V‘oluntary activation is the system respon?fv;)esa tn;:x;nomr
amplitude, noise command C(t) whiﬁhb:scirsggtr&nzgz:aywe;cd| o e ot
i jion. Because C(t) canno .
umtt pi(r)apuLa;IsC;nin?‘ormation about the conductive path from Chto rl:;’lé)(imum
For som: rative purposes, we also obtain a measuye of the mum
]lizfi)[tc]crc:ar:;?nse to a fully synchronized impulse input. 'Lk_ns |;S;h[(\aﬂ[i}c3\?]pdoes
B e autoy 1 ft elegzr?djessir?;t?vg Lr'; tth!: Zonduc’cive path.
i informati ety _
Cantaliig;?‘sjh;r:fdolSE}EZL MYaxljw) to the stimulus e\folkedl M max\Eg\i\:’JnE;‘?y
T' s stimate of the percent functional muscle available to AW
'V]('jes o | conditions this ratio is expected to appro.ac
(:;l‘lve.[jvl\; vr\lf(i)IIimae;so be used to estimate the number of functional motor

- units in the test muscle.

 Unit Response U(t)

1 der to obtain MUAPs over a wide range of activation levels, \:rrztr;k;osbj
tr; (:Jrse a slight modification of the averagling method asoclizrrlgnissoiate the
Lee et al. 1975. The single fiber electrode is USEdFE; aispr\oassed through a
activation time for a single motor unit. The S is used to trigger avera-
digital window discriminator whose pulse output IE\;N do this with 2 syn-
‘ging of the macro electrode interference pattern]. fethe cctivation. 50-500
chronous delay buffers. Depending upon the iev:_a ¢ tio within acceptable
averages are sufficient to bring the mgnal o nee rfo electrode is chosen
limits (preferably 10/1 or better). The npplanted mactl  and Yowpass filter
.ﬁver a surface electrode to: 1) avoid signal atter;ua loless Soomatric bias
characteristics of the superficial tissues; 2) to ?VB ectrode: 3) allow
han the more remote asymmetricallly placed hsur a:;ee electrodé; 4) mini-
direct comparison of U(jw) and M(jw) frohm e S; resentative data are
ze signal contamination from remote muscles. f the 20 or so MUAPs
sented in figure 8. If one assumes that e.aCth scle, then the mean
“obtained by averaging is equally represented. in the m.u te. of the number
Ujw) may be divided into Mmu(jw) to obtain an estima




of units active within the muscle. This can
M"max(jw) and the stimulus evoked N ;

f

Single Fiber Action Potential F(t) )

The single fiber action potential (SFAPR) is itself of intere:‘dst for we can use
it to stimulate the MUAP {Boow and Criep 1976). Representative SFAPs,
F(t), and their corresponding Fourier auto power spectra are presented in
figure 7ab. Based upon biophysical models of action potential generation
(Plonsey 1969), the muscle fiber conduction velocity may be estimated
from the SFAP duration. The MUAP may be simulated with knowledge of
F(jw), the muscle fiber conduction velocity probability density function
(pdf), the junction |atencies (jitter) pdf, the electrode geometry, and as-
sumption of a geometric model for the MU. This last assumption is closely
related to MU density such that one may deduce, guantitatively, MU density
by simulation of the MUAP and adjustment of the geometric density to
obtain an optimal fit between the observed and simulated MUAPs.

Junctional Latencies J(t)

a metho-
ncy pdf.

Following the considerable body of work by Ekstedt and Stalberg,
dology is now established for estimation of the junctional late
While these authors have been able to further identify physiological sub-
strates for the jitter phenomena, it is the net jitter which is required for
our signal analysis. J{t} and its Fourier Transform J(jw) constitute a junc-
tional transfer function which is needed for both MUAP and EMG stimu-
lation. J(jw) has the general character of a low pass filter (figure 8).

Axon Latencies A(t)

Following the methodology initiated b

y Hopi 1964 and computerized by
Leifer et al,

1976, it is possible to estimate the axonal conduction |atency
pdf using two point paired electrical stimulation of the motor nerve. The
paradigm is illustrated in figures 9 and 10.

This technique is based upon two point supramaximal stimulation of the
peripheral nerve at progressively fonger interstimulus intervals. Due to
conduction velocity dispersions effects, the response R1 recorded follo-
wing distal stimulation at SI will differ from the response R2 following
proximal stimulation at S2. If the two stimuli (81,82) are paired at succes-
sively larger interstimulus intervals (I1SIs), the combined effects of disper-
sive neural transmission and antidromic btockage will lead to an increasing
R2 response at increasing ISis until the R response is equivalent to that
following ‘a single S2 stimulus. In figure 9b we see the case in which §2

be done fof the voluntary
/

before the antidromic action potential wave front Ie1110|t<la_ditl:;3; i;
boe had 4 to pass by the S2 electrode. All action potentials elic < Y
e e ’fll’?e ‘\?e1p blocked. No response (R2) is recorded. Response ) tl—:e
S ;{Slureysac the ISI is longer such that some percentage 0 e
nor'maL ! ltg']als conducted in response to S1 have pas§ed by the 52 e‘ted
e a the responding axons have recovered sufficiently to be B)fCl
o e 8 CDEtionppo’cential wave front then conducts freely, and d1spe;;
b_Y o 821:aicbute a second portion to the combined R12 response.
o (ig[: r’che R2 portion of Ri2is zero. At progressively longer ISls,
o s t : roximate the algebraic summation of an R1+R2 respc.mses%
m'z 'gmws1g‘7?’3phas demonstrated that the effective transfer function -2,—
W;I!lams '{ ly conducting nerve bundle may be estimated by the ‘Fogrlti-
; d'SPel’S'VefYthe nerve latency pdf. Leifer and Meyer (1976) have mv(;s
Tl’anSfO:T‘ Oconcept in some detail for peripheral motor_nerve bun e;;
Ig%aet;r(tiasfm:fative data are presented in figure 11. The ddobmisa:r;to f::}u;::ter.
the transfer function is that of a low pass filter down fatjoi ot and
ks and valleys in the function are ce_\used by trun- O e o
o both the sharpness of the truncation and the width of the cation
rTift[ezztw?ndow effects are present above 400 Hz/meter an no:gnsatgsﬂaizzcg
First side lobe amplitudes are generally dc?wn 30-;1.((}i dtb. A gcintml e
PAf o g 4o aPP“OXimati;m! Tohth?‘ e;ss:‘]lcn;e;;iwai: ?he gaussian transfer
2= 314, = .01, n=28). In the Tre er , |
gf(nctiosll ?or the nerve bundie appears valid up to about 400 Hz/meter

Command Input C{t)

e output

The actal input to the motoneuron pool cannot be (?bs;:lgeih;hMUAppor

i f each motoneuron can, however, be melasure u o U

gl(:f;Potrain to form the Inter-potention-interval histogram .[the e:s :lction i

activation pdf). An ensemble of such pdfs can be used in csrr:;ld o ary

functions to simulate the response tFJ an ass oy

cor Systden;De Luca 1973, 1976; Agarwahl 1973, L:nd.fstrom 197_6]£ e ap

Comr:snis of particular interest when one wants to }nfgr tl;]e ma:g on o1
2r(\)filuntary command from the observable EMG. This is the ¢

the EMG is used to control a prosthetic device.




SUMMARY

We attampt i i i
e a parpt)icjrarlfiI;:s;c;aet;ﬁt;de bsense |n.\irvhlch our knowledge of Emg’j generation and the
fgure 3. The. Eommanr o |-ydfjur ability ‘Eo quantify the signal transmission fuctions of
o whioh we cacioion and VELI |.ty of our linear systems analysis determines the extent
v so o o predict & hasic structural parameters of the MU/ population which we
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SOME DEDUCTIONS FOR A CORRECT CLINICAL EMG

We have now to define what essentially is the real meaning of our contri-
bution in the investigation of normal and pathological conditions of the
neuromuscular system. The aim is of knowing the nature and the degree
of a pathophysiclogical state; the methodologies we have outlined are
reliable for testing the natural course of the disorder and its reactivity to
different kinds of treatment.

Therefore we are now in the position to analyse which are the technics
that are to be developed in clinical electromyographical investigation.
We share the opinion of many other clinical neurologists and myopatho-
logists (K. Engel), that the actual efficiency of most laboratories of clinical
EMG is very poor. Their methodological approach is not reliable, the results
are inadequate, their evaluation is too subjective; likewise the tinal con-
clusions, expressed in the answers that from the EMG laboratory come
to the clinical department, are condensed in a few statements, inspired
by last century nosological hypotheses, that today have any longer definite
sense. We are concerning, for instance, with wordings like: «electromyo-
graphical findings of myogenic type» (versus neurogenic one).

In order to avoid such a confusing and resirictive «intuitive clinical inter-
pretation», we are now justified to suggest the following methodological
standardisation in clinical EMG routine, concerning the field of voluntary
activity and motor nerve stimulation.

1) - First at all, according to the criteria of somatotopic specificity, the
clinical neurologist has the task of indicating the muscles where the
investigation must he done.

2) - A) The electromyographical investigation will be carried out: averaged
M.U.a.ps. will be recorded by the macro-electrode and triggered by a.ps.
recorded by the selective electrode; the mean value of the various M.U.a.p.
parameters for at least ten of such M.U.a.ps. will be calculated {see p. 20).

B) EMG of maximal voluntary contraction will be recorded and its auto-
power spectrum will be obtained.

C) The maximal M response will be clicited with stimulation of at least
two points of the nerve; the corresponding auto-power spectrum will be
obtained according to the methodology previously presented.

D) The paired stimulation will be applied and velocity response density
functions will be calculated.



!

E) From the EMG recorded by means of Ekstedt-Stélberg’s e[e,éftrode during

voluntary activity the probability density function for juncffional latency
will be calculated. '

J
3) - The following informations will be transmitted to the clinical depart-
ment.

A) The muscie fibers density within the Mu.U. [muscularjunit] is in the
normal range, or below it or over it.

B) The number, firing frequency and a.p. area of M.U.s elicited by maximal
voluntary contraction is in the normal range or below it (the calculated
percentage will he reported).

C) The number, nerve conduction velocity dispersion and ap. area of
M.U.s elicited by artificial electrical motor nerve excitation is in the
normal range or below it (the calculated percentage will be reported).

D) Maximal and minimal motor conduction velocities will be given (see
p. 23).

E) Variability of junctional latency will be reported.

These quantified findings will be combined with i/t curves findings, with the
results of myographic investigation performed according to Taylor’s and
Hainaut's methodologies, with sensory neurography findings and eventually
with muscle biopsy findings. On the basis of these data and all clinical and
genetical data, the right diagnostical and prognostical classification may
be achieved or useful contribution will be so brought to the knowledge
of the yet unknown field of many neuromuscular disorders. '
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DATA EDIT
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QUANTIFTCATION
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HEAN =12, 61 STREY. 1,061 S/MEAN 0% CHI%2
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Conceptualization of the motor unit (MU) as target organ of our studies. There are
subunits which contribute to the performance and anatomy of theJ‘MU. The supra-
unit is the integral function of a population of MUs as expressed in a whole muscle.

Bioelectric signals associated with each stage in generation of the_:electromyogram.
EPSP = excitatory post synaptic potential; IPSP = inhibitory post synaptic poten-
tial; threshold = the level at which a post synaptic action potential is initiated.

Simplification of signal flow by substitution of Dirac Delta function for axonal and
junctional potentials.

Structural parameters of the peripheral motor system which we would like to know.

Functional parameters of the peripheral motor system which are of interest in
their own right, or needed to determine structural parameters.

Levels of observation for study of the motor unit and generation of the EMG with
parameters of the system which may be obtained.

Schematic representation of the proposed EXPERIMENT. Electrode 1 is the electro-
nics system ground reference. Electrode 2 is a surface refersnce electrode for
differential amplification of the implanted monopolar wire macro electrode 3.
Bipolar needle electrode 4 is for single muscle fiher recording.

Primary signals are the single fiber spike train and the summated EMG from
elsctrodes 4 and 3, The MUAP is derived by averaging the macro electrode signal
following each occurrence of a SFAP belonging to the same unit, Signal analyses
are based upon linear systems theory and utilize the Fourier Transformation for
auto and cross power spectrum estimation. Using the results from these analyses
and assumptions regarding the signal generators, the peripheral motor system
may he quantitatively simulated, Where reasonable confidence in the simulations
has been established, the results of the simulation become predictive of actual
system parameters. This is especially needed for estimation of unobservabie
structural parameters. :

Anatomical signal flow diagram for generation of the electromyogram. Signal paths
are multiple and parallel up until their final summation in the integrated slectro-
myogram.

Symbology for the basic signal flow diagram defining generation of the electro-
myagram. Each letter represents the ensemble of time functions actually com-
prising that branch in the flow diagram. C = command inputs to the motoneuron;
A = axonal conduction latencies; J = junction conduction latencies = terminal
axonal conduction 4+ neuromuscular junction delay 4 post synaptic activation delay;
F = muscle fiber action potentfals; U = motor unit action potentials = spatio-
temporal summation of single muscle fiber action potentials; M = integrated
whole muscle electromyogram = spatio-temporal summation of motor unit action
potentials.

An example of macro electrode EMG from the hypothenar muscles during maxi-
mum veluntary contraction, MY, (1).

The auto power spectrum M¥_ . (lw), obtained by Fourier Transformation of 10

epochs of EMG as shown in 6Ba.
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6a,c.e.

6b,d.f.

7a,.c.e.
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8h.

10.

11a.

11h.
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The average autopower spectra, Ms

An example of the M-responses, Ms__ (t] obtained by stimulation at electrodes 5
and 6. In this figure both evoked potentials have been shifted to zero delay for
visual comparison and for computation of their autopower spectra. Each waveform
is the average of 10 evoked responses.

oaxJw) obtained by -Fourier Transformation of

the evoked potentials used in 5c.

Three examples of the SFAPs ohserved with the single fiber needle electrode;
F (0. Fy(t), Fy(t).

Auto-power-spectra for the corresponding SFAPs; Fi(jw), Fi{jw), Fyljw}.

Three examples of macro electrodes MUAPs derived by SFAP triggered averaging:
U, (1), U,{t}, U,(t). In each case the contraction level is noted as.percent of maxi-
num isometric force and the number of averages is given by N.

Auto-power-spectra for the corresponding MUAPs; U,(jw), U,(jw), U,(jw).

A probability density function (pdf) for junctional latency (jitter) as transcribed
from Ekstedt and Stalberg 1973.

Magnitude of the Fourier Transform of 8a. This, J(jw), is the transfer function of
the motor unit junctional region [Williams 1973; Leifer and Meyer 1976).

Schematic describing the double stimulus paradigm used to measure the cummu-
lative response function of a motor nerve bundle as a function of conduction
latency. See text for narrative.

Flow diagram for data acquisition and preprocessing.

Normalized Latency Cummulative Response Function (NLRCF) and Normalized
Latency Response Density Function {NLRDF) superimposed by a gaussian function
with the same mean and standard deviation.

Normalized Velocity Cummulative Respense Function (NVCRF) and Normalized
Velocity Response Density Function (NVRDF) superimposed by a gaussian fune-
tion with the same mean and standard deviation.

Superimposition of the nerve bundle transfer function as determined from the
average NLRDF (16 control subjects) (continuous ling) and from the gaussian
equivalent NERDF (bars + continuous line).
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WELCOME TO THE 370 INTERNATIONAL ISEK CONGRESS.

In 1961 the University of Pavia had the privilege of offering hospitality to
about one hundred neurologists and neurophysiologists coming from all
Countries. Their scientific lectures, comunications and discussions were
published as proceedings of the 1st International Congress of EMG; the
EMG Pavia committee worked out the bases of Methodology and Thermi-
nology in Electromyography; now the EMG committee is an important
permanent staff of the Scientific Board of the International Society of
EEG and Clinical Neurophysiology.

from that time, an enormous progress has been made. The insertion of
EMG on the basic field of kinesiology represents a necessary clearer
specification of the purpouse towards which the electrophysiological devi-
ces are to be applied in association with the biomechanical methodology.
A similar purpouseful achievement has been realised with the association
of electromyographical and morpho-hystometric, genetic and clinical inve-
stigations in the field of neuromuscular physiopathology.

Therefore EMG, if from some points of view tends to lose its primary
autonomy, it has on the other hand greatly vitalized the study of both the
normal branch of executive behaviour represented by kinesiology and the
pathological one represented by the neuromuscular diseases.

These are the reasons why Electromyography, starting from the field of
neurophysiology, was developed not only by neurologists, but also by the
most engaged kinesiologists. Prof. Basmajian, Prof. Johnson, Prof. Ladd,
Prof. Simard and many others became just after the 1% EMG Congress, the
pioniers of a very fruitful and promising branch of the human Sciences:
Electrophysiological Kinesiology. This Science expanded later also in bioen-
gineering enriching its methodology with the contribution of the averaging
thechniques and automatic statistical analysis: the muscles maintained
« alive » by Basmajian were thus mimicked by very complicated and fine
models. Among these scientists we were lucky to meet the Chief of the
Neurophysiological Laboratorium of Géteborg Prof. Ingemar Petersen, the
ISEK President.

Considering the close links that Kinesiologic Electromyography has deve-
loped between Neurology and Physical Medicine, we are glad that this
ISEK 30 International Meeting takes place just in an Orthopaedic Institut,
that the Administration of the Hospital of Pavia and the Scientific Director




Prof. Mario Boni, have liberaly set at your disposition. While vfu/e are really
satisfied with the promising and very efficient work going on in" Electrokine-
siology with the leading supervision of ISEK’'S Scientific Committee, let
us from this old University, to welcome all of you and WISh you Success
in the reports and discussions that will engage us in these ‘three days for
the profit of many chronic patients; the opportunity will be also given to
develop new ties of friendship between people coming from so many Insti-
tuts of different Countries in the world.

Pavia 31 August 1976

The Local Secretary
Antonio Arrigo

The General Secretary
Paoclo Pinelli
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PRELIMINARY CLINICAL RESULTS OF UPPER EXTREMITY
FUNCTIONAL ELECTRICAL STIMULATION APPLIED TO
HEMIPLEGIC PATIENTS

8. Angeli, M. Bellucci Sessa, D. D'Emanuele; Osp. Mauriziano Umberto 1, Torino, ltaly
D. Fiandesio, R. Gatte; Ente osp. G.P.O., Alessandria, Italy

R. Merletti; Sorin - Soc. Ricerche Biomediche, Saluggia (VC), Italy

E. Scherrer, G. Valobra; Universita di Torino, ltaly

INTRODUCTION

Past work in the field of Functional Electrical Stimulation (F.E.8.) of the
upper extremity of hemiplegic patients mainly described the orthotic value
of this technique [Long et al. 1963, Rebersek ot al. 1973, Merletti et al.
1975). It was the purpose of this work to carry on a c¢linical evaluation of
upper extremity F.ES. as an aid or as a partial substitute for traditional
rehabilitation technigues for hemiplegic patients. As a result of such eva-
luation we expected to be able to define some basic criteria for patient
selection and treatment.

MATERIALS AND METHODS

This preliminary evaluation was carried on in three clinical centers and

involved 55 patients with rather wide ranges of age, time from lesion,
spasticity and density of treatment (51 had etiology of cerebrovascular

accident, 3 of trauma, 1 of intracranial tumor).

Stimulation was applied by means of cutaneous round ot rectangular elec-

trodes with respective surfaces of 7 and 12 cm® placed a) on the motor

points of the muscles extensor digitorum communis and extensor carpi

radialis (or ulnaris) or b) on a motor point of the triceps and on the radial

nerve just above the elbow.

The electrodes had a sponge dampened with tap water to insure good elec-

trical contact. The stimulator produced monophasic rectangular voltage .
pulses with 0.3 msec width, frequency of 30 Hz and amplitude adjustable i
between 0 and 90 volts. ‘
The movements obtained were extension of the wrist and fingers with the _
electrodes in position a) and extension of the elbow and opening of the |
hand with the electrodes in position b). The stimulation, and therefore the
movement, was controlied by a therapist or by the patient himself by slow :
changes of pulse amplitude obtained by means of a potentiometer. Each 1



evaluation consisted of 30 to 60 stimulated movements perforrﬁed in 15

to 30 minutes. f'

The patients were treated for average of 26 times in 2.6 months {average

of 10 times/month or once every three days for each patlent]

At the end of the observation period the results were cIaSSIfled according

to the following five classes:

W: (worse) worsening of either voluntary control or spast;cl‘ry of any

muscle of the arm or hand.

(no result) no change in spasticity and voluntary control.

(poor) improvement of the stimulated movement and/or of subjective

feeling of the limb but no clear clinical improvement.

G : (good) clearly observable temporary (at least one day) decrease of
spasticity and/or improvement of voluntary control.

E . (excellent) clearly observable permanent or long lasting (at least
three days) decrease of spasticity and/or improvement of Voluntary

control.

=z

No patient could be classified in the W class. Patients in group N or P were
classified as «unsatisfactory» while patients in group G or E were classified
as «satisfactory». The degree of spasticity of each patient was quantitied
according to the following four groups: 0) flaccid or with normal tonus;
1) tonus above normal but allowing a passive full movement of the joint;
2) tonus quite above normal allowing a large but not complete movement
of the joint; 3) very high tonus allowing a very limited or no passive move-
ment of the joint. While a full description of the cases, as well as some

electrodiagnostic results, will be reported elsewhere, the distribution of -

patients in the above classes will be presented here.

RESULTS

‘Fig. 1a shows the overall distribution of results but, because of the wide
range of time from lesion (from 20 days to 10 years) and density of treat-
ment (from 3 to 20 times/month) it is less interesting than Fig. 1b and 1c
cach representing half of the cases. The better results obtained from
patients with lower time from lesion and more intense treatment are
evident.

Fig. 2a shows the histogram of percentage of «satisfactory» cases as fune-
tion of the time from lesion. Fig. 2b and 2¢ show the same percentage as
function of the spasticity level and of the density of treatment.

These appear to be the three parameters with higher influence on the

results.

A better description of the correlation between parameters can be provided
by three-dimensional plots; a simple one is reported in Fig. 3.

It appears to us quite important to report that over half of the patients
classified in group P referred an increased psychological feeling of posses-
sion and control of the extremity and even if this was not objectivably
observable it may represent a first step leading to improvement to be
obtained with further treatment. Beside this, a number of patients classified
in class G or E had been previously treated with traditional techniques with
poor success.
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® =G+E
O = N+P

This work also led to the conclusion that the stimulator, equipped with a

shoulder transducer as described by Rebersek (1973) and Merletti (1975}, .

could be used as an active orthotic device by about 8 to 10% of the patients,
after proper training, at least for performing simple prehension tasks.

COCLUSIONS

The main conclusions from the above are the following:

a) on the basis of our experience, properly applied F.ES. has no
negative effect on hemiplagic patients and appears to be more important
as a rehabilitation rather than as an orthotic technique.

b] clearly observable temporary or permanent improvement of muscle
tonus and/or of voluntary control can be obtained in at least 70% of the
patients treated more than & times/month for at least 2-3 months before
the 18th month from lesion. This value rises to 80% for patients treated
over twice a week and with time from lesion below 6 months.

¢} the results are mainly conditioned by the time from lesion, the
degree of spasticity and by the density of treatment. The patients should

be selected on the basis of these variables and treated at least twice a
week. '

The pocket size dimensions, the easy and foolproof operation of the latest -
devices make them suitable for use by the patient himself even outside
the hospital personnet from routine clinical work. Qur research on the upper
extremity is continuing in order a) to evaluate this possibility, b) to study
the effect of single, combined or sequential use of F.E.S. and traditional
rehabilitation techniques, c) to define the optimal electrical parameters
and conditions for maximal results, d) to investigate, on a larger number
of cases, the significance of etiology.
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DECREMENT OF RECURRENT SINGLE MOTOR UNIT A¢TION
POTENTIALS. RECORDINGS FROM ISOLATED MUSCLES OF A
NON-MYASTHENIC MAN

R.G. Baginsky; Veteran Administration Hospital,

Bedford, and Boston Univérsity Medical
School, Boston, USA /

A 21-year-old soldier was referred from a military installation for electro-
myography. He had been in excellent health except for long standing feeling
of weakness in his right upper extremity which did not interfere with his
duties as a clerk but limited his athletic activities.

Physical examination revealed a well developed, well nourished, young man
in no distress. System review was unremarkable except for an absent right
biceps reflex. Although no wasting was noted the right biceps brachii (mus-
culocutaneous nerve C-5, C-6), the triceps brachii (radial nerve, C-6 to T-1},
and the wrist extensors (radial nerve, C-6 to C-7) rated fair only, in motor
strength. No sensory deficit was noted.

ELECTROMYOGRAPHY

In representative muscles of all four extremities, there was complete elsc-
trical silence during rest, no fibrillation or fasciculation potentiais being
recorded. During minimal volition discrete motor units of normal duration
and amplitude were elicited in all muscies except the right biceps, triceps

and the wrist extensors. With the exception of these muscles, normal ~

recruitment occurred in all muscles and an interference pattern of normal
density was noted on sustained voluntary contraction.

Marked, rapid decrement of amplitude could be observed after minimal
volition in the right biceps, right triceps, and the right wrist extensors. The
pattern of decay consisted of one or two motor unit potentials of normal
amplitude followed by a rapid fall-off and even complete abolition of sub-
sequent action potentials. After two minutes of rest, recovery of amplitude
occurred, only to deteriorate after a few voluntary contractions.

Repetitive stimulation of right brachial plexus at Erb’s point as recom-
mended by Gassel (1964) with recording electrodes placed in the biceps,
triceps, and wrist extensors, respectively, resulted in rapid decay of ampli-
tude of the evoked potentials. Supramaximal stimuli of 0.3 msec. duration
at frequencies of 3-10 Hz were employed. Recovery of amplitude occurrad
after two minutes rest, and decay was reproduced by renewed repetitive
stimulation. Ten mg Tensilon® {edrophonium chloride) was given intrave-
nously, but no significant reversal of the decay in amplitude was observead.

In order to exclude myasthenia gravis, short subcutaneous electrodes were
placed in the abductor pollicis brevis and abductor digiti quinti bilaterally
and the medial and ulnar nerves were repetitively stimulated supramaxi-
mally up to 50 Hz without any evidence of abnormal muscle fatigability.
Finally, the facial nerve fatigue test with recording electrodes placed in the
orbicularis oculi was performed bilaterally with repetitive shocks up to
25 Mz, again without fall-off in amplitude of the evoked potentials.

The patient was seen three months after his initial visit.
Electromyography including above procedures were repeated and identical
results were reproduced.

COMMENT

There is definite evidence of oscillating amplitude of motor unit action
potentials in three isolated muscle groups of the right upper extremity of
an apparently healthy, young man. Decrement was rapid and eventually
to the point of complete abolition of the recurrent potentials. This result
could he achieved both by minimal volition and repetitive faradization of
the brachial plexus at Erb's point. Tensilon® test was negative.

Repetitive stimulation up to 50 Hz of median, ulnar, and facial nerve failed
to elicit a pathological fall-off of evoked action potentials recorded from
the abductor pollicis brevis, abductor digiti quinti and the orbicularis oculi,
a muscle involved early in myasthenia gravis. There was no facilitation or
post-tetanic exhaustion, such as described by Desmedt (1957, 1966).

We have to assume that we deal in this case with a significant defect of
neuromuscular transmission selectively limited to isolated lower motor
pathways which have been damaged in the past.

Myasthenic-like states affecting lower motor neurons have been suggested
by others, Simpson (1964). Buchthal and Hencke (1943} and later Pinelli and
Buchthal (1951) observed unusual muscular fatigability of motor units mani-
fested by rapid decrease in amplitudes during a sustained contraction as
early as 10 days after onset of paresis. A similar fatigue of motor units
was described by Kugelberg and Taverner (1950) in syringomyelia. Eaton
and Lambert (1957) and Lambert, Rooke, Eaton and Hodgson (1961) reported
their classical myasthenic syndrome associated with remote malignancies.
Mulder Lambert and Eaton (1958) described several cases of amyotrophic
lateral sclerosis. Baginsky (1967) reported a case of peripheral neuropathy
displaying myasthenic EMG patterns.

The unchanging height of amplitudes of evoked action potentials by repe-
titive stimulation of nerves supplying muscles usually affected by myas-
thenla gravis precludes this systemic disease in our patient. We are dealing




instead with a selective neuronal affliction. His age and the steady status
of his general health does not favor the diagnosis of amyotrophic lateral
sclerosis, however, he apparently suffered damage to some of h_i‘is anterior
horn cells; most probably by poliomyelitis. ;

Hebb and Waites [1256) and Mcintosh (1959) have suggested fthat acetyl-
choline and the enzymes acetylase and acetylcholinesterase are synthe-
sized in the nerve cell and carried to the nerve endings via thé axon. This
would also explain the lack of adequate response to Tensilon® since too
few quanta (if any} of acetylcholine and too few enzymes acting upon them
are present at the myoneural junction.
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FUNCTIONAL TESTS OF A NEW PROPORTIONALLY
CONTROLLED STIMULATOR IN HEMIPLEGIC PATIENTS

L. Belfiore, M. Bracale, R. Castellucei, S. Oliva.and G. Serra; Istituto Elettrotecnico, Labora-
torio di Applicazionl Biomediche, Fac. di Ingegneria, Napoli, and Centro Traumato-
logico Ospedaliero, C.T.0., Napoli, Italy

INTRODUCTION

The Functional Electrical Stimulation (FES) of paralyzed exiremities, as it
is ‘known, has been utilized usually for orthotic and rehabilitation purposes
in Hemiplegic patients with paralyzed extremities and damages of motor
organization due to a variety of causes, such as cerebral stroke, injury,
inflammation, tumour, etc. Remembering that the neurophysiological mecha-
nism of the muscle contraction and muscle tone are the result of proces-
ses within the CNS, the FES is utilized to engage proprioceptive and mus-
culocutaneous reflex mechanism which may have a strong effect on the
organization at different levels of the neurophysiological systems.

The method in the present study has consisted of controlled stimulation
applied to the paralyzed extremities for evoking the lost movements, uti-
lizing also the residual voluntary capabilities of the patient. Moreover,
some long duration effects of FES improve the reorganization of the basic
neural mechanisms involving the movements. In using the FES as an
orthotic device it is important to have the stimulation voluntarily control-
led by the patient for realizing the desired movements.

The block diagram of the orthotic methodology is reported in Fig. 1.

A series of patients suffering from hemiplegic conditions of traumatic or
vascular origin have been submitted to functional electrical stimulation
with a new kind of two-channel proportionally controlled stimulator. The
main characteristic of this device is the transducer for controlling the
stimulation, which results in the movement in relation to the residual
volitional ability. :

In principle, the transducer is a «Touch-Time to Amplitude Converters,
which changes the duration of the time of touch in amplitude variation of
the signal controlling the stimulation.

For correct use of the device a period of learning is required by the patient
{block 2-6 of Fig. 1).

The presentation will describe the methodology used for evaluating the
orthotic use of the stimulator on selected patients, and for determining
the practical influence of the learning function on the possibility of resto-
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ring the impaired movement. A great deal of equipment has p,éen deve-
loped for measuring biomechanical phenomena, in terms of the patients
treated with FES, and this will be described as well. '
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COMPARISON BETWEEN TRADITIONAL NEEDLE ELECTRODE
EMG AND SURFACE ELECTRODE EMG SPECTRAL ANALYSIS

G. Bestetti, M. Maranzana Figini, P. Cassinari and E. Cipriani; Istituto di Eelettrotecnica ed
Elettronica, Centro di Teoria dei Sistemi del C.N.R., Politecnico di Milano, Milano, Italy
G. Valli; Clinica delle Malattie Mentali e Nervose, Universita di Milano, Milano, Italy

A method is proposed to characterize the electrical activity of the muscle.
This method was based on the assumption, theoretically proved in an
extremely simplified model, that the shape of surface electrode EMG
spectrum should provide information about both <average» duration of the
motor unit action potential (MUAP) and about «average» propagation velo-
city of the spike along the muscle fibers.

The theoretical model has shown that zero values of the single impulse
spectrum are maintained in the spectrum of artificially produced surface
electrode EMG. It was expected therefore that «dips» in the single MUAP
spectrum should be maintained in surface electrode EMG spectra. To test
this theory an analog frequency analyzer has been especially designed for
use on-ine. Fig. 1 shows the experimental procedure: the surface elec-
trode EMG signal after amplification in a differential amplifier was fed
into the frequency analyzer. The output was visualized on a memory
oscitloscope.

The recurring shape of the spectra obtained for normal subjects has been
shown in Fig. 2. A remarkable similarity can be seen with the shape of
the single motor unit spectrum (surface electrodes) observed by Kadefors,
Petersén & Broman (1973).

A few healthy young men volunteered as contral subjects. The activity of
the biceps brachii muscle under isometric contraction was measured both
with needle electrode EMG and with surface electrode EMG. The surface
electrode EMG was recorded during a maximal voluntary contraction, and
was subjected to frequency analysis. A comparison was made between
the results provided by the traditional metrod using Adrian concentric
needle electrode and the ones obtained with the frequency analyzer. A
good agreement was found as for the MUAP duration. The analysis has
been extended to a few patients with both neurogenic muscle disorders
and with myogenic disorders.

The results obtained with the patients will be presented and discussed.
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EVALUATION OF GAIT IMPAIRMENTS BY MEANS
OF VECTOR DIAGRAMS

8. Bocecardi and G. Chiesa; Fondazione Pro Juventus Don Carle Gnocchi di Milano, Italy
A. Pedotti, R.Rodano and G.C.Santambrogio; .Centro di Teoria dei Sistemi del CNR, [sti-
tuto di Elettronica, Politecnico di Milano, ltaly

The deep analysis of the locomotory apparatus and the rigorous evalua-
tion of the functional recovery constitute the fundamental basis of every
correct rehabilitative programme. Along this line, the aim of this paper
is to present a procedure for the evaluation of the human gait based on
a suitable elaboration and representation of the ground reactions.

As known, during the stance phase the foot exerts a pression on the
ground. The resultant force of such pression Is named ground reaction,
it depends on the dynamics of the whole body and represents a highly
significant syntesis of the movement, provide that its information content
assumes a form which allows its easy reading.

The representation chosen is a vector diagram where each vector repre-
sents the projection an the sagittal plane of the ground reaction with its
magnitude, inclination and point of application in istants of time uniformly
discretized.

The equipment used is a force platform (Kistler type 9261 A) with four
piezoelectric transducers which, through suitable charge amplifiers, pro-
vide the voltages proportional to the force components acting on them.
A special hybrid computer, made for this purpose, elaborates the above
gignals and forms on a persistent image display the vector diagram,
The subjects walked at a constant speed across a 17 m long track. The
measure is taken at two-thirds of the way so that a steady-state deambu-
lation is reached. In this way, it is possible to obtain on the display and
to photograph the vector representing the ground reaction in sampled
instants of time respecting the actual geometric relationship with the
platform (amplitude, angle of slope and point of application).

In order to point out the validity of this procedure, many tests have been
performed on many subjects both normal and pathological with different
kinds of impairements to the locomotory apparatus.

The conclusion presented here also take in account the results obtained in
a previous work by Boccardi et al. 1976) and by analogous analysis per-
formed by Cappozzo et al. (1973) with a different procedure on normal
subjects,

In Fig. 1a, b the pypical vector diagrams of a normal subject are shown.
The pattern of a) refers to the right foot while the subject walked (from
the left to the right) at 88 steps/min.




The pattern b) refers to the left foot at the same speed.

From these diagrams, which can be assumed as typical of normal subjects
although some secondary individual characteristics arise and make this
vector diagram a kind of identity of each subject, the foi]owmg conclu-
sions can be drawn:

a) High repeatibility of the diagrams obtained at different times from
the same subject at the same speed. (This has always been verified even
in the pathological cases).

b} A perfect similarity of diagrams obtained from the right and the
left foot.

c} The envelope of the vectors presents a characteristic course wi-
thout sudden variations with the shape of a half butterfly.

d) Except for the first few (hesl-strike), the inclination of the vectors
changes with continuity from the backward to forward.

e) The point of application of the vectors moves monotonically in the
direction of progression and shows an evident plateau in the last of stance
phase which causes a correspondent closeness of vectors.

The experiments performed on subjects presenting impairments of the
deambulation following various pathological factors show that the repro-
ducibility of the proof is more than satisfactory and, most importantly, the
diagrams obtained are highly significant and clearly different from those
concerning the normal walking. The variations observed allow for a valid
interpretation both from a mechanical and kinesiological point of view.
In order to verify the existence of typical patterns, characteristic of various
impairments of the locomotory apparatus, the following examples are
shown,

The Fig. 2a, b, ¢, d, refer four subjects presenting after effects of polio-
myelitis concerning the lower limbs, particularly one of the two where
they wear a long orthesis. The diagrams refer to the stance of the orthe-
sized limb. The shapes are completely different from those of normal
subjects and very similar between them.

In particular the reduction of the reaction base (the distance between the
points of application of the first and last vector) is evident.

The closeness of most of the vectors in the first part of the stance phase
is a significant determinant. In fact the ground reaction changes from
backward to forward following the rotation of the long stiff orthesis arti-
culated in corrispondence of the shoe heel. Moreover the first vectors
inclinated in the direction of motion, typical of the normal cases, are lac-
king and backward displacement of the application point in corrispondence
of the closeness clearly appears.
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Fig. 1 - Vector diagrams of a normal subject {R.R.) walking at 88 steps/min a) right foot,
b) left foot. One vector every 15 msec

Fig. 2 - Vector dlagrams of the orthesized limb of four different subjects presenting after
of poliomyelitis (A.G., C.M., P.T., M.G. respectively]. Ona vector every 27 msec




THE MOTOR UNIT ACTION POTENTIAL: STUDY WITH A
STOCHASTIC SIMULATION MODEL AND DEVELOPMENT OF A
NEW MECHANO-ELECTRICAL NEEDLE TRANSDUCER

i
K.L. Boon and P.A.M. Griep; Twente University of Technology, Enscheds, thgé: Netharlands

INTRODUCTION

A stochastic simulation model is proposed in which the motor unit action
potential (m.u.a.p.) is considered as a summation of separate muscle
fibre potentials. The spatial position and the diameter of the fibres and the
dispersion (mainly determined by the situation of the motor end-plates)
can be chosen according to certain probability density functions (p.d.f)
or in a deterministic way.

Furthemore the m.u.a.p. can be simulated as it will be recorded by a point
- eglectrode or a not-point-shaped electrode. With a not-point-shaped elec-
trode the potential contribution of a certain fibre is calculated numerically
by spacial integration with respect to the electrode surface.

This stochastic simulation model gives a more realistic representation of
the generation of a m.u.a.p. than already described models. For instance
the model of George (1970} in which the fibres are supposed to lie In a
very regular way or the mathematical model of Ekstedt and Stélberg (1973)
that only describes the action potential of one muscle fibre with a «not-
point-shaped» electrode. With the model questions about the selectivity
of different electrodes can be examined. Also diagnostical problems con-
cerning the shape of a m.uap. and the possible relation to pathological
origins can be studied. For instance to what extent a polyphasic pattern

may occur due to the loss of muscle fibres belonging to a single motor

unit.

One of the reasons for constructing this model was to examine the pos-
sible relation between certain parameters of a m.u.a.p. and the motor unit
type (e.g. slow, intermediate or fast). Therefore it is necessary that besi-
des information about the m.u.a.p. information is also available concerning
the type of motor unit that is examined.

Although there are several ways to fulfil this requirement it is interesting
to start a development of a new type of needle electrode by which both
electrical and mechanical activity at the point of the needle can be regis-
trated at the same time. Although this project is still in progress some
preliminary results of a first prototype will be given.

STOCHASTIC SIMULATION MODEL FOR A M.U.AP.

The potentlal contribution of each muscle fibre with coordinates (x, y) to

a point P (see figure 1) with coordinates (x;, yi, zi) of the electrode is cal-
culated according to the tripole model of Rosenfalck {1969) and the assum-
ption that the amplitude increases proportionally to the square of the
fibre circumference (Lorente de NG, 1947; Hakansson, 1957).
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where : a represents the fibre diameter; a is chosen from a p.df.
r represents the distance from point P to a muscle fibre

r = V{x-x)l4+(y-yi)> x and y are chosen from a p.d.f.
z represents the position of the tripole on the muscle fibre

z = z,+d—v.t; the dispersion d is chosen from a p.d.f.
v represents the velocity of the action potential and t is time.
|, o, &, 81, 82, Z, are constants.

If an electrode is not point-shaped the final contribution of each muscle
fibre to the m.u.a.p. is for each point of time calculated by spatial integra-
tion with respect to the electrode surface A.
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To solve this equation the electrode surface was approximated by a rec-
tangle, parallel to the muscle fibres. In figure 1 the position of /the elec-
trode and one muscle fibre is given in order to indicate the cﬂ)ordinates
used.

The solution of the surface integral for pole 1 (see formula 1) is:
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In the model time t is increased with fixed steps (in fact z = z(t) will
decrease with fixed steps) and for each point of time, formula (3) will be
calculated; the result fs the contribution to the m.u.a.p. of one muscle
fibre.

The contributions of the individual fibres are calculated successively and

summated afterwards. For each calculation the characteristic values of |

the muscle fibre a, d, x, y are taken from p.d.f.’s. The model is programmed
in Fortran.

Results can be given either in the time domain or by Fourier transforming
in the frequency domain,

Figure 2 gives some simulated m.u.a.p.'s obtained with the model. The fibre
configuration, the used parameters and three different electrode positions
are indicated, In each position the m.u.a.p. is «measured» with a point-
shaped (——) and a not-point-shaped electrode (——-).

From these {and other) results the following can be concluded:

1. Within a motor unit: a not-point-shaped electrode gives a signal that is
related more to many fibres of the m.u., whereas the point-shaped
electrode gives a signal that is almost determined by the closest fibres.

2, At a distance of about 0.5 mm (C): there is hardly any difference het-
ween the signals of the two electrodes.

Used parameters:

a 30-50 o
T R -
y 0 0-3 mm h
XX ¢ 0.3 mm

Z : 0.6 mm

Yi : 0.85; 0.4, —0.5 mm
v ;4 m/sec

o : 0.8

St : 0.05 mm

82 : 0.25 mm

2, 14 mm

/o . arbitrary constant.

0.25ms

Fig. 2

MECHANO-ELECTRICAL NEEDLE TRANSDUCER

As already mentioned in the introduction it was interesting to develop a
new kind of electrode in order to obtain specific information concerning the
motor unit type. The usual techniques to obtain this information such as
working with a homogeneous muscle or using the recruitment principle
described by Henneman et al. (1965) or using a specific averaging techni-
que described by Stein et al. (1972) are not applicable in a number of cases.
for instance at studies of human back muscles.

A prototype of a mechano-electrical needle electrode is shown in figure 3a.
It consists of a glass coated inner needle within another stainless needle.




The inner needle is suspended to an elastic membrane and J,éan move
rather freely. On top of the inner needle, inside a holder, & mirror is
monuted. The distance between the mirror and a bundle of fibfe optics is
measured by means of reflected light by a so called Fotonic Sensor (type
KD-100, Mechanical Technology Incorp.). In this way movements of microns
(from 0-40 K c¢/s) can be registrated. The tip of the inner needle is not
glass coated so it can be used as a normal EMG electrode. Figure 3b gives
a registration of a double pulse. The tip of the inner electrode was just
inside the muscle (musculus soleus of the rat). The elasticity of the mem-
brane and the dry friction between inner and outer needle during deep
intramuscular registrations are still factors to be improved. In figure 3b
the intramuscular displacement during an isometric contraction can be
observed. Also the force is given for a comparison between displacement
and force.
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' THE EMG, AS A MEASURE OF THE ISOMETRIC FORCE
OF INDIVIDUAL MUSCLES

S. Bouisset and B. Maton; Laboratoire de Physiologie du mouvement, Université de Paris
Sud, Laboratoire de Physiologie du Travail, Paris, France

ft is well known that in the intact organism the striated muscles are
usually arranged in antagonistic pairs in relation to the articulation. In
the simplest cases the movement can thus result from the action of a
single group of agonist muscles. However, even in this case the force, or
more precisely, the external torque is the sum of the torques exerted by
the various muscles. Now in the intact human organism it remains practi-
cally impossible to measure directly the force exerted by each muscle,
in spite of the prospects opened by the technique of Buchthal and Schmal-
bruch (1970). As for estimating this force by calculus, it requires, at least
in the case of submaximal contraction, resorting to varicus hypotheses,
some of which have not yet been verified, as is brought out in the analysis
of Cnockaert et al. (1975}. Thus the only possibility is presently to esti-
mate the force exerted by an individual muscle from the EMG of this
muscle. This procedure is generally adopted and is implicitly supposed
that the EMG is the measure of the force. However, as far as we know,
such an hypothesis has not been really confirmed. The present paper deals
with this problem in the case of isometric contractions of elbow flexors.

TECHNIQUE AND PROCEDURE

The myoelectrical activities of the principal flexor muscles of the elbow
were recorded simultansously. The global myoelectrical activity of the
hiceps brachii was led off by means of two silver electrodes fastened to
the skin. The global electrical activity of each of the other flexors (branchio-
radialis, brachialis, and pronator teres) was led off by means of wire elec-
trodes. Bipolar platinum electrodes, similar to those previously described
by Maton et al., [1969], were used. The records obtained were of the inter-
ferential type and thus expressed the global activity of the muscle.

The different EMG's were recorded on magnetic tape and then integrated
by an analog-digital converter (Feuer, 1967). The integrated EMG was given
in the form of pulses whose number was proportional to the area of the
EMG,

The subjects were seated, with the right forearm and arm in the same
horizontal plane. The forearm was fastened to a splint. The latter was




part of a mechanical system rotating about a vertical axis. A strzfin gauge,
which was joined to the non-movable part of the apparatus, wa; attached
at a point 25,5 cm from the axis of rotation. The signal of the force was
both recorded on magnetic tape and displayed on an oscillosgope.

The tests involved exerting for 30 seconds by a constant fgﬁirce against
the strain gauge in order to keep the spot of the oscilloscope on given
marks on the screen. Six different levels of force whose value depend
upon the maximum voluntary force of the subject, were successively
maintained. An adequate rest period was provided between each exertion
in order to avoid fatigue. The tests were carried out with the hand in a

full supine position.

RESULTS AND DISCUSSION

The results were obtained from a group of 12 men and women between
the ages of 15 and 59. They were either normal or without disorders of a
neurological origin related to the neuro-muscular region under study. Each
subject was examined once.

Whichever muscle is considered, a quadratic relation has been demon-
strated between the integrated electromyogram and the force. These rela-
tions are lowly scattered, but their slope varies from one subject to another.
In order to determine more precisely the form of the relations hetween
the integrated EMG and the force, the values obtained for each of the
muscles examined, for all of the subjects in all of the examinations, have
been brought together. To do this the integrated EMG has been expressed
as a percentage of the value {11 kg) corresponding to a single level of
force maintained by all the subjects: thus neither the conditions affecting
the reception of the signal nor the differences in maximum force among
the individuals are taken into account. The activation level of each of the
flexors, evaluated with the integrated EMG varies with the force according
to a relation which, at first approximation, takes the form of Q=aF*+bF+c,
where ¢ depends only upon the integration threshold and can be consi-
dered negligible. It is, in fact, for the adyustment to this quadratic function
that the correlation coefficients (r of Bravais-Pearson} are the highest
(91 for the biceps brachii, .92 for the brachialis, .94 for the brachiora-
dialis, and .97 for the pronator teres). All of these values are of course
very significant at the threshold of .01.

Because of this, it becomes possible to group on the same graph all the
results obtained for the different muscles. It can be observed in Figure 1
that the points are distributed along one and the same curve. The relation
between Q and F is expressed by Q=104 F 9,9 F4+17.

This common relation express that the integrated EMG of each elbow
flexor presents the same relationship with the external torque. Recipro-
cally, it can be said that the external torque is the sum of similar fun-
ctions of individual integrated EMG's.

Consequently, taking into consideration that a) the external torque is the
sum of the individual torques exerted by each muscle, b) the EMG of a
muscle is a reliable index of the level of exitation of this muscle and of
it alone (Maton et al., 1969; Bouisset and Maton, 1972), it foilows that
each value of the integrated EMG of a muscle will give a value of the
force exerted by this muscle, through a quadratic relationship. This may
be considered as generally valid, at least in the case of isometric contrac-
tions. It should be emphasized, however, that it is not a question of mea-
suring the absolute value of the force and that, moreover, if the signifi-
cance of the surface EMG changes (through a variation in length or through
muscle fatigue) the measure of the force varies.
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Fig. 1 - Relation between the total integrated myoelectrical activity of the principal elbow

flexors and the force.

Q: integrated electromyogram as a percentage of the value correspanding to a
load of 11 Kg, the load maintained by all the subjects.

F: force measured at 25,5 cm from the axis of rotation of the elbow.

Note:For the sake of clarity the results of tests on only five subjects are shown.



REFERENCES

!

BOUISSET S. et MATON B. (1872) - «The quantitative relation between surfaqé and intra-
museular slectromyographic activities for voluntary movement». Amer J. Phis. Med.,

51, 285-205. :
BUCHTHAL F. and SCHMALBRUCH H. (1870) - «Contraction times and fibre t)'/pes in intact

human muscle». Acta Physiol. Scand., 79, 435-452, ;
CNOCKAERT J.C.. LENSEL G. and PERTUZON E. {1975} - «Relative contribution of individual
muscles to the isometric contraction of a muscular group». J. of Biomechanics, 8,

(3 et 4), 91-197.

IVIVATON B., BOUISSET $. et METRALS, (1968) - «Comparaison des activitds électromyog-
raphiques globale et élémentaire au cours de la contraction statique volontaire».

Electromyagraphy, 9, 311-323.

DETERMINANTS OF MYO-ELECTRIC POWER SPECTRA.
PART Ii: EXPERIMENTAL VERIFICATION

H. Broman, L. Lindst¥om, R. Magnusson, [. Petersén and E. Stglberg; Department of Applied
Electrodnics, Chalmes University of Technology, Laboratory of Clinical Neurophysio-
logy, Sahlgren Ospital Géteborg, and Laboratory of Clinical Neurophysiology, Aca-
demic Hospital, Uppsala, Sweden

(see pag. 96)
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STANDING WITH CANES AND OTHER WALKING AID#
AN E.M.C.G. STUDY 1

/
A. Burdet and W. Taillard; University Orthopaedic Clinic, Hépital Cantonal, :Geneva, Swit-

zerland

t

2 healthy young men and 1 woman have been studied in standing and wal-
king with different types of canes and crutches. A standard program of
EMG registration by the telemetry equipment of SFENA in Paris, has
heen used for each of them (Tables 1 and 2). The electric activity of each
muscle mentioned in table 1 was registered and the EMG curve integrated
and compared with the activity in each posture or type of gait listed on
table 2.'A photographic control has been made for each described posture.
The first following conclusions can be mentioned:

The EMG of the «static» muscles of the lower limbs is not different
in standing with normal weightbearing of both legs with and without
canes.

The use of 1 cane reduces the electrical activity of the shoulder, trunk
or leg muscles in monopodal weightbearing, in standing on tiptoes, on
heels or in instable postures and bending forward.

This reduction of muscles electrical activity is much more important
with 2 canes.

The best protection of the muscles activity of the lower limbs is assu-

red by using the cane at the controlateral side (one cane left for

helping the right leg).

The protective effect for the muscles is better with 2 short canes than
with a too long one.

The most used muscle of the shoulder in using canes are, according to
the Importance of their electric activity: triceps brachii, posterior third
of the deltoideus, trapezius and, muscles less important: latissimus
dorsi, pectoralis major and biceps brachii. The deltoideus controls
specially well the rotation movement of the cane.

The next part of this study is the use of the canes in walking and with
the same research program in different types of limping.

Table No. 1

Recorded muscles
M. trapezius

M. deltoideus (postsrior part)
M.
M
M

deltoideus (anterior part)

. latissimus dorsi
. biceps brachii

. triceps brachii

. pectoralis major
. rectus abdominalis
. sacrospinalis

. gluteus medius

. gluteus maximus
. rectus femoris

. biceps cruris

. tibialis anterior

. triceps surae

. peroneus lonhgus.

TEZEZZZZTZEEZEZZ

The various postures in which the muscle activity was recorded

Standing on both legs
Standing on the right leg
Standing on the left leg
Standing on the forefoot
Standing on the heels
Bending forward

Bendinb backward

I N R

Aids

One cane on the right side

One cane on the left side

Elbow crutches

Elbow crutches of exagerated length
Elbow crutches of insufficient length
Crutches

Frame

Tricycle.

Table No. 2

Contrel in standing in normal fres posture.

Table No. 3
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HUMAN MUSCLE SPINDLE ACTIVITY DURING THE TO/NIC
VIBRATION REFLEX: THE ABSENCE OF DEMONSTRABLE
ALPHA-GAMMA CO-ACTIVATION AND ITS SIGNIFICANCE FOR
THE TONIC STRETCH REFLEX

D. Burke, K-E. Hagharth, L. Lifstedt and G.Wallin: Department of Clinical Neurophisiology,
Academic Hospital, Uppsala, Sweden

In alert human subjects the activity of single muscle spindie afferent
fibres may be recorded with microelectrodes inserted through the skin
into appropriate muscle nerve fascicles. Previous studies have demonstra-
ted that, with voluntary contraction, the fusimotor system in activated
together with the skeletomotor system. Thus, at least in «<isometric» con-
tractions, the discharge rate of muscle spindle endings increases despite
the small degree of shortening that results from muscle contraction (Hag-
barth and Vallbo, 1968; Vallbo, 1870, 1971, 1974). A similar co-activation
of the fusimotor system can be demonstrated during rapid alternating
movements, unintentional postural adjustment, Parkinsonian tremor, Par-
kinsonian rigidity (Hagbart et al., 19753, b, ¢) and even during the choreatic
movements of Huntington's chorea (unpublished observations). Conver-
sely, the responses 10 stretch of spindle endings in relaxed muscles are
not altered by local anaesthetic blockade of the muscle nerve proximal to
the recording site, so that it appears as if spindle endings in relaxed
muscies are not subjected to significant fusimotor drive. Thus, when the
skeletomotor system is silent, so also is the fusimotor system - there is
no resting fusimotor tonus in relaxed muscles. Additionally, it appears
that the motor pathways descending from supraspinal centres activate
spinal skeletomotor and fusimotor systems in parallel.

Since muscle vibration is a potent stimulus for spindle endings, capable
of evoking a tonic reflex contraction in normal human subjects, and since
the spindle response to vibration may be increased by the action of both
dynamic and static fusimotor fibres, at least in the cat (Brown et al., 1967),
a systematic study of the sensitivity of spindle endings to vibration has
been undertaken in man. The activity of afferent fibres was recorded in
muscle nerve fascicles, usually of the peroneal nerve at the level of the
fibular head. Vibration of amplitude 1.5 mm and frequency 20-220 Hz was
applied to the tendon of the receptor-bearing muscle.

Provided that the vibration was applied to thé appropriate tendon ana that
the receptor-bearing muscle was sufficiently stretched, all spindle endings
(both primary and secondary) could be activated by vibration. The gffects
were more powerful for primary endings. If a spindle ending was respon-
ding submaximally to the vibratory stimulus, isometric voluntary contrac-

34

tion of the receptor-bearing muscle enhanced the spindle response, pre-
sumably a result of apha-gamma co-activation. However, contractions in-
volving primarily neighboring synergistic muscles rather than the receptor-
hearing muscle unloaded the spindle-ending and decreased the response
to vibration, thus confirming previous observation that the co-activated
fusimotor outflow (Vallbo, 1970; Hagbarth et al., 1975b).

If a tonic vibration reflex (TVR) developed in the receptor-bearing muscle,
spindle response to vibration decreased, as if the ending had been unloa-
ded. On voluntary suppression of the reflex contraction the spindle res-
ponse reverted to its previous level, as if the ending had been re-loaded.-
These findings suggest that in the tonic vibration reflex, alpha-gamma
co-activation is either absent or inadequate to maintain spindle discharge
in the face of the slight muscle shortening that occurs in the reflex con-
traction. The contrasting findings obtained with a voeluntary contraction
suggest that the descending motor pathways activated in a voluntary
contraction are not used in the reflex contraction, and it is therefore
suggested that the TVR is a spinal reflex rather than a cortically-relaying
reflex. If the TVR can be assumed to use those reflex pathways activated
by the tonic stretch reflex, it is further suggested that the tonic stretch
reflex is not a cortically-relaying reflex, contrary to recent proposals (Mars-
den et al., 1973). Thus, like the phasic stretch reflex (Szumski et al., 1874;
Hagbarth et al., 1975c), the tonic stretch reflex is probably an exception
to the principle of alpha-gamma co-activation, a property to he expected
it the tonic stretch reflex is to operate as an effective load-compensating
mechanism,
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THE QUANTIFIED ELECTROMYOGRAM AS A PREDICTOR
OF ACTIVE-STATE IN HUMAN MUSCULAR CONTRACTION

AE. Chapman and T.W. Calvert; Dept's of Kinesiology, Simon Fraser University, Burnaby
British Columbia, Canada

INTRODUCTION

Under steady-state conditions the integrated electromyogram (IEMG) can
be used to represent the degree of activity in human muscular contraction.
As these conditions occur infrequently during human activity, it appears
desirable to estimate the instantaneous active-state (AS) of muscle rather
than an averaged value such as the 1EMG. Unfortunately as no indepen-
dent estimate of AS can be obtained, it can only be inferred from external
force by means of the dynamic characteristics of a muscle model. As the
estimation of the properties of a muscle model is affected by changing
activity, some assumptions must be made concerning both the model and
the time-course of AS.

A number of investigators have used a first order linear filtre to represent
the model relating the EMG to AS. This estimation of AS has then been |
used to drive the force generator (F.) of a linear model of muscle (Fig. 1) ,
which is also represented by a first order filtre. Calvert and Chapman
(1974) syinthesized electromyograms by computer and showed conside-
rable agreement between force predicted from twitches and force pre-
dicted from the two filters in series. The time-constant (=: and <) of each
recursive filtre were 25 msec (Millner-Brovn, Stein and Yemm, 1973) and
70 msec {Chapman, 1973} respectively. Gottlieb and Agarwal [1971) used
the same two series filters to predict foot-torque from EMG of soleus by
means of two identical time-constants of 105 msec Alternatively Coggshall
and Bekey (1970) used time-constants of 10 msec. and 120 msec. for =
and T, respectively. The success claimed by Gottlieb and Argawal (1971)
may have been due to the small percentage change of maximal force
used, for Coggshall and Bekey (1970} stated that their own predictions
were poor when the change of force was rapid and large.

METHODS

On the hasis of the work of Houk (1963), time-constants were obtained
tfrom an exponential fit to the rise of torque in a maximal isometric con-
traction of the elbow flexors. The value obtained was assumed to represent



deduced that both F. and B Were linear functions of the active-state A

<, in the second recursive filter representing the mechanical modg,fl (Fig. 1).
(see Fig. 1). Consequently the following formula:

Bigland and Lippold (1954) obtained a family of force-velocity_ﬁ’curves at
different levels of IEMG, and on the basis of these results, Houk {1963)

: B dF
m m ’ :: ! K dt
L\ 4 !
Ran! _A‘/\é\/\_'"-(” ‘ allows calculation of the active-state (CAS(t) = A(t)) from a series of
L submaximal isometric contractions as shown in Fig. 2. EMG activity was
B | recorded from biceps brachii during these contractions and the first fiiter

ce ! SEC g (time-constant T/) was applied in order to obtain a theoretical measure of
_ AS (TAS). By varying the value of =, in the filter the closest agreement

I could be obtained between TAS and CAS (Fig. 2).
F
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Fig. 2 - The computed active-state (C.AS., solid line} and theoretical active-state (T.AS.,
brokan line) obtained with eight separate levels of voluntary muscular activation
during isometric contraction. The time-constant used to obtain T.AS. was in all
cases 100 msecs. The dots in squares show torque produced by maximal effort

on the eighth contraction.

Fig. 1 - A linear model of muscle shawing the mechanical properties of Ist components.
The equation describes the rise of force with respect to time (bottom right) on
the assumption that the force generator (Fu) I8 activated maximally and instanta-

neously (bottom left).

The same technique was used for esimating TAS during contractions op-
posed with external oscillatory movement about the same angle used for
isometric contractions. The results shown in Fig. 3 summarize the relation-
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ship between torque and angular velocity obtained from contragdtions per-
formed at approximately 50%, 60% and 100% of maximal effort.frhe torgue
obtained at any given angular velocity during submaximal contraction was
multiplied by the ratio J

maximal active-state

TAS

in an effort both to elevate the submaximal torque-angular velocity curves
to the maximal curve and to reduce the scatter of the relathicnships
(Fig. 3).
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Fig. 3 - The relationships between torque and angular velocity obtained during contractions
with maximal (max.) and submaximal (low. and med.) effort along with the cor-
rections of the relationships based upon the electromyogram. Solid symbols rep-
resent uncorrected values and open symbols represent values corrected on the
hasis of the filtered electromyogram.

RESULTS AND DISCUSSION

On the assumption the =< was estimated correctly, varius vaiues of =i,
were required to obtain the closest agreement between TAS and CAS.

The best compromise was obtained when < was chosen as 100 msecs
(Fig. 2) although this produced a trace of TAS which was aimost always
more variable than CAS. Although the estimation of AS (TAS) obtained
from the EMG was generally close to that calculated from torgue (CAS)
in isometric contraction (Fig. 2), attempts to use the value of TAS as a
correction procedure in dynamic contraction proved fruitless (Fig. 3).
The problems encountered appear to centre upon the forced choice of
single values of T, and .. Should the surface electrodes not see the true
pattern of recuitment of fibres in different regions of the muscle, this
type of analysis will never be successful on an instantaneous basis. Alter-
natively, the estimation of 1, from isometric contraction may be incorrectly
applied as a representation of the muscle model under dynamic conditions.
There is little doubt that improvements in this type of analysis will be the
result of correct identification of the time-course of AS and mechanical
properties of the muscles under the particular experimental conditions
which are present.
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ELECTRICAL STIMULATION:
A THERAPY FOR IDIOPATIC SCOLIOSIS |

M. Crivellini; C.T.S., C.N.R., Politecnico di Milano, Milano, Italy |
L. Divieti and F. Sommaruga; Istituto di Elettrotecnica ed Elettronica, Politecnico di Milano,
Milana, Italy ’
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The problem of idiopathic scoliosis has been approached by many resear-
chers who have achieved results which often were not_satisfactory in
spite of the efforts done, because they seemed unconnected or quite con-
trasting. A general vision of the posture system (Fig. 1) can allow the
interpretation of all these phenomena (Dacquino et al., 1971). From this
point of view this statement means that «scoliosis is due to an improper
functioning of the postural control system» and the right therapy is to be
hased on the determination of the exact cause of the improper functioning.
The problem has been how to proceed when the eticlogy cannot be stated
or the present knowledge does not make it possible to act directly to
remove the primary cause of the scoliosis. The current therapies consist
in acting at block number 4 in Fig. 1 by means of external forces that
oppose the deformation of the vertebral column through application of va-
rious methods (braces, traction, etc.).

On which other part of the system is it possible to act?

The muscle apparatus (block number 3) offers the best opportunity for
new scoliosis therapies considering present knowledge and technology
(Crivellini and Divieti, 1973}. All known stimulation procedures act on the
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convex side of the scoliotic curve in order to re-balance the system, but
this method is not always successful (Bobechko, 1975; Gracanin, 1975).
The points of stimulation have been chosen by means of the analysis of
electromyographic records of the patient; as it is known that when the
EMG activity is taken on both sides of the vertebral column it is symmetric
for healthy people and asymmetric for scoliotic patients (Isch, 1963). The
stimulation has been applied to the side which has low-level EMG activity
(Crivellini et al., 1976).

The results of the stimulation procedure carried out on six patients have
been shown in Fig. 2. These results are expected to be improved by deter-
mining the optimal procedure of stimulation for each patient.

: Cobb Deg|fobt Des| . Homp(mm) | £.m6.
Case|Sex.| Age |Scolipsis| before stim. | ofter stim. improvement 7 "\ Berore| Fter Note
’ stim, | stem. . )
procedure | procedure stom. | stum.
7 34° 25° g° A 5
1 F 75 15 K
L q1f° 26° 5° A 3
- g§0°- 51 9° A A* .
2\ M 14 25 25 A7 A
L 449 44 - A 5
b 48° £5= 3° 5 S EMG in
3| F |15 22 | 17 foreward
L 22¢ are 5° B | 5 | beading
b f1° g° 3° A- 5
4 | F |14 . 4 2
L 13 1¢° 3° A S
° [ — A -
5| |12 d i # 15 | 14 A congenital
L 15° 15¢ - A A |scoliosis
7 25° 21° 42 A 5
6 | M | 15 4 | 4
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A MODELLING APPROACH FOR EMG SIGNALS

!
!

C.J. De Luca; Dept. of Orthopaedic Surgery, Children’s Hospital Medical Center, Harvard
Medical Scool, Boston, U.S.A, and Dept. of Mechanical Engineering, Massachusetts
Institute of Technology, Cambridge i

INTRODUCTION

The lack of proper description of the EMG signal is probably the greatest
single factor which has retarded the development of electromyography into
a precise discipline. Any useful description of analysis of the EMG signal
must have physical and/or physiological significance. The schematic of
Figure 1 displays the investigative approach that we have used for the
past 8 years. During this time, any new insight in the EMG signal has
always balanced between theoretical developments and practical appli-
cations.

GENERAL COMMENTS

In general, it is useful to obtain relationships between the observable EMG
signal and the physical and physiological properties of muscles. However,
the observable EMG signal that is subject to description is dependent on
the characteristics of the recording devices as well as the properties of
the muscle generating the signal. It is, therefore, necessary to consider,

or at least be aware of, the characteristics of these intermediate effects -

displayed in Figure 2,

The Recording Equipment Transfer Function can bhe disregarded by choos-
ing equipment of sufficiently wide bandwidth (0 to 3000 kHz) and a high
fidelity so that it will not affect the properties of the EMG signal. The
Electrode Transfer Function is dependent on the type of electrode being
used: monopolar, bipolar, co-axial, wire type, surface, etc. This transfer
function can be empirically obtained for any specific electrode if the parti-
cular experiment warrants a great accuracy. An example of a useful pro-
cedure con be found in De Luca and Forrest (1972), Kadefors et al. (1968).
In general the amplitude of electrode transfer functions is directly related
to the frequency. Hence, the lower frequency components of the EMG
signal are relatively more attenuated than the higher frequency compo-
nents. The electrical properties of the muscle, fascia, fat and skin tissues
also affect the observable EMG signal. Their conductivity and frequency
filtering characteristics will affect the EMG signal as it proceeds from the
surface of the muscle fibers to the recording electrode(s). These latter

characteristics have not been completely determined, but are currently
under investigation.

Given that the intermediate influences can be accounted for, the rela-
tionship between the observable EMG signal and the physical and physio-
logical properties of a muscle may not be necessarily similar for different
muscles, due to the large variation in the physiological and anatomical
properties of muscles. In any case, when pursuing such a relationship, it
is necessary to specifiy the specific contraction performed by the muscle.
Muscle contractions can be categorized by the following properties:

force dynamics time

constant force isometrics all contractions are a
constant velocity function of time

linear force linear velocity

non-linear force non-linear velocity

Any force and dynamics combination is possible, but all muscle contrac
tions are time dependent.
Fig. 1

MODEL

We have begun our EMG signal modelling approach by considering the
simplest muscle contraction, i.e., the constant-force isometric contraction.
A specially designed needle electrode was used to record motor unit
action potentials (MUAP's) for the complete time duration of constant
torce isometric contractions varying in discrete steps from minimal to
maximal force levels (De Luca and Forrest, 1973). Several properties of
the motor unit action potential trains (MUAPT's) were observed. In parti-
cular, the inter-pulse intervals between adjacent MUAP's of a particular
MUAPT were measured and analyzed as a real continuous random variable.
The distribution of the inter-pulse intervals was described by the Weibull
probability distribution function with time and force dependent parameters.
The statistical description culminated in the development of a model for
the MUAPT's (De Luca, 1975). The model was based on the derivation of
the autocorrelation and crosscorrelation functions of MUAPT's. These fun-
ction were solved by using a Dirac Delta function approximation for the
MUAP. This acceptable approximation sufficiently simplitied the mathema-
tics so that the model could be extended to EMG signals.

The EMG signal was modelled as a linear summation of the MUAPT's.
Consideration was given to the effects of signal cancellation due to
superposition of positive and negative phases of the constiuent MUAPT's



!

and to the effects of possible synchronization of the MUAPT's th"roughout
a contraction. The model was used to derive time and force dependent
expressions for the following parameters of the EMG signal: ‘the mean
rectified value, the mean integrated rectified value, the root-me'én-squared
value, and the variance of the rectified EMG signal (De Luca and van Dyk,
1975). For each parameter it was possible to relate various terms in the
derived expressions to physiological phenomena that occur En;rcontracting
muscles. One of the parameters, the mean rectified value of the EMG
signal, is shown in Figure 3. The variables have the followin description:

b

m(t.$)
ELm(z.$)i]
M)
,hi[T]\

J(=.d}

Contraction time normalized with respect to the total time
duration of the muscle contraction

Constant force at which the isometric contraction is perfor-
med, normalized by the maximal contraction force

The time and force dependent EMG signal
The mean rectified EMG signal
The generalized firing rate of the MUAPT's
The area of a rectified MUAP

A variable used to account for the amount of cancellation due

to superposition.
Fig. 2

The generalized firing rate is defined as the firing rate of a typical motor

unit and has been defined analytically by a mathematical expression (De

Luca and Forrest, 1973).

The particular expression in Figure 3 is the simplest of the derived expres-
sions. The others contain additional terms reflecting the effect of MUAPT
synchronization. By contrasting the various terms of the equations of the
parameters it is possible to determine which EMG signal parameter most
strongly reflects the effects of a particular physiclogical phenomenon. Expe-
riments are presently in progress to compare the results of the model to
empirically measure values of the corresponding EMG parameter. So far,
there has been good agreement between the model and empirical measu-
rements for the variance of the mean rectified EMG signal (Stulen and De

Luca, 1975,

The mode! was derived without consideration of the intermediate effects
described in Figure 2; however, these characteristics only affect the shape
of the MUAPT, h(<). Hence, they can be introduced in the model as trans-

fer functions multiplying h(z).
Although more work is required to prove that the described modelling

approach is correct for the EMG signal constant force isometric contrac-
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tions, our current results are encouraging. Accordingly, we have begun
experiments and theoretical analysis to describe the EMG signal of the
next hopefully describably muscle coniraction, i.e., the isometric linear

force-varying contraction.
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DIFFERENCES BETWEEN NORMALS, MYOPATHIES,
AND POLYNEUROPATHIES OBSERVED
IN PHYSIOLOGICAL TREMOR POWER-SPECTBA

V. Dietz, J.H.J. Allum, H.-J. Freund; Departmant of Neurophysiology, University of Freiburg,
Freiburg, W-Germany

We have proposed elsewhere (Allum et al., 1976) that the shape of the
physiological tremor-spectra in normals is solely the result of partially
fused motor unit discharges firing between 6 and 25/sec. The characteri-
stic fall-off of the power-spectrum for frequencies above 10 Hz and its
changes with increased isometric force can, by this hypothesis, be ex-
plained on the basis of known recruitment and rate coding properties of
motoneurons (Henneman et al., 1974). In addition, the tendency for a varia-
tion in tremor amplitude at the same force level in different subjecis has
been described as the result of a difference in the degree of synchroniza-
tion between motor units (Dietz et al., 1976)}. When the discharge pattern
of a motor unit is altered in a disease of the motor system, one would
expect the tremor-spectra to show a corresponding alteration. Thus we
have chosen to analyse the power-spectrum of myopathies and polyneuro-
pathies and to compare them with those of normals. Qur interest was
firstly to improve and extend diagnostic possibilities of these disease,
and second to obtain further evidence for the hypothesis described above.
The methods for recording and frequency analysis of physiological tremor
have been described elsewhere (Allum et al., 1976}. Basically, subjects
exert a constant isometric force between their thumb and forefinger which
is measured with a strain gauge bridge, high pass filtered to improve
resolution between 5 an 30 Hz and then Fourier analysed on a digital
computer.

Single power-spectra of a normal subject are shown in Fig. 1 for 3 diffe-
rent isometric force levels. They contain significant power for frequencies
up to 25 Hz corresponding to the known maximum discharge frequencies
of motor units (Freund et al., 1975). A peak at 7-8 Hz (the dominant tremor
rate] is seen in the spectra at all 3 contraction levels. This frequency
represents the firing rate of newly recruited, least fused motor units.
Thereby, the mechanical effect of these larger twitch amplitude motor
units is seen to be greater than those of earlier recruited smaller twitch
amplitude motor units. Units which are recruited first have twitch contrac--
tions which become fused as isometric force increases. All motor units
are recruited at the same discharge rate of 7-8/sec (Freund et al., 1975;
Milner-Brown et al., 1973), hence the tremor peak remains constant throu-
ghout the recruitment domain.




Previous investigations have shown that average firing rates of motor
units for a fixed force level are higher in myopathic patients than in nor-
mals (Dietz et al., 1975). Original tremor force recordings also show that
the dominant tremor rate of 7-8 Hz is less pronounced in myopathies (see
Fig. 2). Power-spectra of 2 typical mildly affected myopathies reveal these
findings clearly. In Fig. 3 tremor-spectra from the 2 myopathies can be
compared with the average spectra of normals for a force level of 1 kg.
No clinical symptoms were observed in these patients' hand muscles.
From the figure it is apparent that tremor amplitudes between 5 and 15 Hz
are significantly reduced. Correspondingly amplitudes at higher frequen-
cies (above 15 Hz) are relatively larger (if the valus at 7.5 Hz is taken as a
datum). Once myopathic patients exert greater muscular force (3 kg, for
example} their tremor spectra have a more normal appearance. We con-
clude therefore that higher threshold units are less affected by the disease.
 Generally, we can distinguish the power spectra of a myopathy by its flat
appearance and its relatively greater high freguency content.

Similarly, neuropathies can be distinguished by a characteristic shape to
the power-spectrum. Again the changes in the shape with respect to
normals are a reflection of the pathological symptoms of the motor system.
From single motor unit recordings from patients with uremic polyneuro-
pathies it Is known that motor units at higher discharge rates have a
greater tendency to discharge failure. A failure which is probably due to
focal demyelination of peripheral nerves (Dietz and Freund, 1974). Power
spectra from 2 neuropathies are compared with the average curve for
normals in Fig. 4 {force leve! 3 kg). The neuropathic power-specira are
sharply pointed with a steep fall-off for frequencies above 15 Hz reflecting
the failure of units to fire at high frequencies. In chronic neuropathies the
peak of the power-spectra occurs at a low frequency with respect to acute
cases. This is documented in Fig. 4 for a patient with peroneal palsy and
another with a 3 week-ald Guillain-Barré polyneuroradiculitis. These latter
observations agree with those of Larsson (1975) who found for acute and
chronic neuropathies differences in the spectra of the intramuscular EMG.
Pathological states of the motor system may be observed in the alterations
to the properties of motor units. We have observed correlated changes in
physiological tremor power-spectra. These changes lead us to believe that
physiological tremor is solely the result of the motoneuron pool output
and its resultant twitch contractions and not oscillations due to spinal or
central reflex arcs. Characteristic changes in the shape of power spectra
of myopathies and neuropathies, as compared to normals, which are appa-
rent in the early stages of these diseases suggest that the physiological
tremor pover-spectrum can be a valuable diagnostic tool. For the patient
the method has the advantage that it is quick and painless; for the clini-
cian it provides a quantitative technique with which long term observa-
tions may be followed.

50

ﬁﬁ"‘d\ﬁ‘:‘ﬁ,}ﬁ rf!’N‘ VA

a1t
ol
&
4 i
=5
5 0 z =
£ =
5 =
-
“ =
B 000t =
3
- e L=
: =
00001¢ =
= § =
? -»;.
a o
: = 3
—_ g wy
600001 -tz 2 = g == .
— = e I
8 o 3 }}‘:_
01 [
2 g
0014
00t .
- =
3 3
= =
g g
0.001
0.001 =
2 G
=2 =
[=3 [=]
.
5 10 5 20 75Kz
5 10 5 20 75 He
Fig. 3 Fig. 4
|
51




. Original power spectra at force levels of 1,4 and 7 kg. All are single spéctra from
the same subject. The effect of increasing force on the tremor amplitude is clearly
seen. 0.1 on the ordinate corresponds to 160 gm?. !
Fig. 2 - Physiological tramor recordings a) from a normal and b) frem a myopathic patient.
Fig. 3 - Average tremor spectra for 7 normals compared with 2 myo,t:;en.‘h."e.s‘_;i (force level
1 kg). The average curve is the thick line and the patients the dotted and thin
lines. Single spectra from sach subject were calculated, then averaged at several
frequency hins. The centre of the bin is at each plotted point, and edges are
equidistant between points. Standard deviations are shown by the vertical bars,
0.1 on the ordinate corresponds to 9.2 gm’.

Fig. 4 - Average tremor spectra for 7 normals compared wilth 2 neuropathies (force level
3 kg). Patients are shown by this and dotted curves. Otherwise, rotation is as
for figure 3.
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ELECTROPHYSIOLOGICAL AND PATHOLOGICAL STUDY
OF THE MOTOR AND SENSORY NERVE FIBERS
IN EXPERIMENTAL NEUROPATHY

A. Fiaschi.,D. De Grandis, D. Orrico

The purpose of this study is the neurophysiological and histological evo-
tuation of organophosphorous insecticides chronic poisoning in rats.
These compounds were given by mouth, incorporated in the diet, or by
inhalation in a continous controlled manner. A dose of 8-6-4 mg/kg adminis-
tered 5 times a week was used. The motor and sensory conduction velocity
were serlally measured in vivo.

This investigation was performed with a simple method on motor and sen-
sory fibers in rat's tail. Repetitive nerve stimulation was also performed
for detecting defects of neuromuscular trasmission.

At the end of the neurophysiological investigation in all the experimental
animals, the dorsal nerve of the tail was examined histologically with
osmium tetroxide method. The diameter of every nerve fiber was measured.
The fiber density and the fiber diameter distribution of the myelinated fibers
in each nerve were calculated.



A PHYSIOLOGICALLY ORIENTED MODEL /

i

OF THE PACINIAN CORPUSCLE :

F. Grandori and A. Pedotti; Systems Theory Center of CNR, Institute of Electrical and Eelec-
tronic Engineering, Milan Politechnic, Milan, Italy !

Pacinian corpuscles as receptors of mechanical events are thought to play
a relevant role in motor control in general, and particularly for reflex regu-
lation. From many years, due to its easy accessibility and its relatively
large dimensions, Pacinian corpuscle has been rather thoroughly studied by
several authors (see, e.g. Loewenstein and Skalak, 1966; Hubbard, 1958; lly-
insky, 1965) and many salient features of ist behaviour have been eviden-
ced; nevertheless, at present, some physiological aspects of the mechano-
to-neural transduction have not been completely understood. An approach
hased on a detailed and gquantified description of the relationships charac-
terizing the Pacinian corpuscle behaviur is believed to be a constructive
step to a better understanding of the matter and moreover it can provide
useful suggestions in order to clarify its role as transducer of the dynamical
aspects of mouvement.

An investigation of the electrophysiological features of the mechano-to-
neural transduction, based upon the determination of a mathematical model,
is presented in this paper.

For this purpose, the knowledge of the morphological structure of the
system and the analysis of outputs in response to known inputs, besides
the anologies existing between Pacinian corpuscles and other similar recep-
tors have been taken into account foliowing the classical identification
methods of the Systems theory.

As shown in Fig. 1, the displacements of the outermost lamella and the
pressure on the core have been taken as input and output of the mechanical
part, respectively. This part of the system has béen described at a linear
system (see, e.g. Grandori and Pedotti, 1975), and therefore represented by
means of the transfer function G (s).

By analysing the outputs of the intact corpuscle and the decapsulated nerve
terminal, in response to various kinds of mechanical stimuli, a typical non-
linear, directional dependent phenomenon is found (Nishi and Sato, 1968;
llyinski, 1965); therefore in the model of the sensory ending a non-linear
transfer characteristic has been introduced.

The derivative and G: (8) point out the dynamic properties of the nerve
terminal, as clearly appearing in the experimental resuits of the decapsu-
lated terminal (see for instance, the Panel II of Fig. 2).

The threshold-like phenomena and the stochastic properties concerned in
the generation of the on-off responses were accounted for by means of a

time-varying threshold block & with a zero mean valued gaussian noise
superimposed.

The model has been implemented on ‘a digital computer in FORTRAN lan-
guage and usual experimental tests were simulated. Some results of the
simulation are summarized in Fig. 2.

Panel | of Fig. 2 shows on the right the responses, in terms of receptor
potential generated by the model of an intact Pacinian corpuscle compared
with the experimental results of Nishi and Sato (1968), reported on the left.
In each figure, lower traces represent the stimulus at the output, plotted in
arbitrary units {the same for all the traces). Upper traces show the time

“course of the receptor potentials of the intact corpuscle, in uV.

As to the late depolarizing responses of the model these can not be com-
pared with the above experimental results where the latter are not repor-
ted; but they are however present in llyinsky’s data (1965) representing the
everall response,

Panel Il shows on the right the response of the model of an intact cor
puscle compared with the experimental results by Hynsky (1965}, reported
on the left. In this case the rate of increasing of the stimulating waveform
is greater than the rate of decreasing and therefore the late response is
weaker than the early depolarizing response.

At the light of the modeling, this phenomenon appears to be an obvious
direct consequence of the shape of the stimulus and not a peculiar property
of the corpuscle, as misinterpreted by Nishi and Sato (1968), pag. 389.
The structure of the model permits the simulation of the receptor potential
generation following the direct stimulation of the decapsulated corpuscle.
On the right part of the Panel Il of Fig. 2, the results of this simulation are
reported and compared with Nishi and Sato’s experimental findings on the
left.

The results achieved by implementing the complete model confirm that the
appearance of a spike is determined by the depolarization of the nervous
ending and, apart from the influence of an inherent biological noise, the
mechanisms of generation of the off-responses are the same as those of
on-responses.

Some of these results are given in Panel IV of Fig. 2. From the top to the
hottom of the figure there can be seen: the mechanical stimulus delivered
at the input of the model; the receptor potential and two sequences of
discharges obtained in response to two different presentations of the same
stimulus.
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CONTINUOUSLY AND INTERMITTENTLY DISCHARGING
MOTOR UNITS IN MAN: FLEXIBILITY OF THE
VOLUNTARY RECRUITMENT ORDER

L. Grimby and J. Hannerz; Neurological Clinic, Karolinska Hospital, Stockholm, Sweden
Sweden

The discharge pattern and recruitment order of individual motor units on
voluntary contraction have been studied in electromyographic recordings.
The anterior tibial and the short toe extensor muscles were tested (Han-
nerz 1974, Grimby and Hannerz 1976). Both muscles consist of type | and
type [l muscle fibres. The short toe extensor muscle fibres are type-grouped
also in certain clinically normal subjects.

Electromyographic recordings with a selectivity permitting identification
of individual motor unit potentials even on maximum contraction were used.
In the anterior tibial muscle sufficient selectivity was obtained only with
high impedance electrodes (electrode surfaces about 250 Kiloohm and 4
megaohm respectively) and sufficient stability only if the electrode was
thin and bendable (100 p silver wires) and equipped with a hook for fixation
in the muscle. In the type-grouped toe extensor muscle, however, sufficient
selectivity could be obtained with ordinary low impedance electrodes.

Certain motor units were found to discharge continuously at intervals
as long as 100 ms and did not discharge at shorter intervals than about
30 ms on tonic voluntary contraction even though shorter intervals can be
obtained on phasic voluntary contraction. It is suggested that these con-
tinuously discharging long interval motor units (CLMUs) have type | muscle
fibres. Other motor units were found to discharge only intermittently and
only at intervals shorter than 30-60 ms. It is suggested that these intermit-
tently discharging short interval motor units (1SMUs) have type Il muscle
fibres. A considerable number of the motor units were, however, interme-
diate forms between CLMUs and ISMUs. The two criteria of motor unit
type, viz. discharge endurance and discharge intervals, were partly inde-
pendent of one another.

In slowly increasing contraction strength CLMUs were recruited before
[SMUs and on prolonged tonic contraction only CLMUs discharged. This
is in accordance with the Henneman principle (Henneman, Somjen and
Carpenter 1965). In very rapidly increasing contraction strength, however,
certain ISMUs were recruited before certain GLMUs. Selective activation
of 1ISMUs was found to occur in contractions intended to be very short
but powerful.
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Fig. 1 - Four consecutive parts of a voluntary contraction. A) Rapidly initiated contraction.
B) Weak maintained contraction. C) Rapidly increased contraction to maximum
strength. D) Maintained maximum effort.

The potentials of one CLMU and one ISMU can be identified. On rapid initiation
the ISMU in active 150 ms before the CLMU. On weak maintained contraction
only the CLLMU discharges. On acceleration towards maximum strength both units
discharge but the 1SMU at a higher rate than the CLMU. Finally on prolonged
maintained maximum effort only the CLMU responds. Type-grouped short toe ex-
tensor. Low impedance electrode. Time bar 100 ms.
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THE IMPORTANCE OF EVALUATION OF THE LENGTH .;’f
OF THE SUMMATED DEPOLARIZING ZONE IN ACTIVE
MOTOR UNITS FOR THE ELECTROMYOGRAPHIC STUDIES

Al. Gydikov, N.Dimitrova, D.Kosarov, G. Dimitfov; Institute of Physiology, Bﬂlgarian Aca-
demy of Sciences, Sofla, Bulgaria :

It has been established that under different muscle conditions such as
fatigue, ischemia, and temperature change there occur changes in the
summated depolarizing zone (Gydikov and Kosarov, 1971, 1972). This pro-
cess has been detected by the use of the method of vector-electromyogra-
phy of action potentials from different motor units, and surface electrodes
have been employed.

This paper is concerned with a new method which has been developed for
precise measurement of the summated depolarizing zone. It has been
found, for example, that under normal conditions the length of this zone
in biceps brachii was 17.88 (= 0.36) mm. The changes in the length of
the zone have been provoked, in turn, by different influences in muscle,
as well as in the case of some muscle diseases. The length change was
a result of both the change in the summary period of depolarization and
repolarization at a given point along the motor unit, and the change in the
propagation velocity of depolarization along the muscle fibres. The change
in the length of the depolarizing zone was found to be accompanied, as
well, by changes in action potential amplitude.

It has been determined through modelling that the extra-cellular potential
amplitude in the volume conductor depends on the depolarizing zone, and
the amplitude varies at different distances from the muscle fibres. In
that the change in the length of the zone determines varicus changes
in the potential amplitude at different radial distances, it was obvicus

that these changes were not due so much to desynchronization as to a

change in the length of the depolarizing zones in different fibres. These
resufts would suggest the value of measuring the summated depolarizing
zone in electromyographic studies.

THE RELATIONSHIP BETWEEN THE AMPLITUDE DISTRIBUTION
OF THE ABSOLUTE MYOELECTRIC SIGNAL AND THE
MUSCULAR WORK PERFORMED

M. Hagberg; Work Physiology Division, National Board of Occupational Safety and
Health, Ume& Hospital, Umed, and Department of Anatomy, University of Umed,
Umed, Sweden

INFRODUCTION

In ergonomic studies the registration of the myoelectric activity is com-
monly used to increase the information about the muscular work performed.
It has previously been shown by Lippold (1952) that there is a relation-
ship between myoelectric signal level and the force developed by the
muscular contraction. A similar relationship has been reported to exist
between the integrated myoelectric activity and the performed muscular
work (Bouisset, 1968; Hagberg and Jonsson, 1975).

It has been demonstrated by Bjdrkstén and Jonsson (in press) that there
is a marked difference in muscular endurance between static and inter-
mittent static contractions. The amplitude probability distribution function
of the fullwave rectified and lowpass filtered myoelectric signal (in the
following referred to as the amplitude function) has been shown to give
a quantitative measure of static and dynamic components of the muscular
work (Jonsson and Hagberg, 1974; Hagberg and Jonsson, 1975; Jonsson
1975).

The aim of the present study was to investigate how this amplitude func-
tion reflects the performed muscular work measured from the signal from
a force transducer.

METHODS

The myoelectric activity was recorded from the belly of the right biceps
brachii muscle by skin electrodes. The myoelectric activity was then
linearly amplified and recorded on tape. :

The investigation was performed with the subject in a sitting position.
A forearm splint construction was set up in which the subject’s right arm
was fixed with 90 degrees of flexion in the elbow as well as in the shoulder
joint. The forearm splint was directly connected to a force transducer.
The force transducer signal was visualized in front of the subject for
tension level control. The force transducer signal was also recorded on
tape.




The experiments consisted of static and intermittent static contractlons of

the elbow flexors: /

1. 5 minutes of continous static contractions at 5 and 10% of the maxi-
mal voluntary force of contractions (MVC).

2. 5 minutes of intermittent static contractions at 5 and 10% of MVC.

3. A complex series of intermittent static contractions Wlth different
degrees of contraction levels,

The used amplitude function (see introduction) was estlmated by calcu-

lating the ratio between the detected cumulative time the lowpass filtered

absolute myoelectric signal was lower than or equal to the mean amplitude

of the absolute myoelectric signal corresponding to different levels of

MVC, and the total detection time. The same analysis was performed on

the signals from the force transducer.

RESULTS AND CONCLUSIONS

The used amplitude function .(see introduction) of the myoelectric signal
and the force transducer signal showed a fairly high degree of similarity.
This may indicate that the used amplitude function of the myoelectric
signal closely reflects the work performed by the muscle.

The amplitude function of the myoelectric signal and the force transducer
signal will be influenced by the time constant used when the absolute
signals are lowpass filtered. The most suitable time constant in this respect
appears to be in the magnitude of 100 ms.
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MUSCLE POTENTIATION ANS INTRACELLULAR REGULATION
OF THE ACTIVE STATE INTENSITY

K. Hainaut; Brain Research Unit, University of Brussels, Brussels, Belgium

When a skeletal muscle is directly stimulated, or indirectly through its
motor nerve, the time course of the isometric twitch elicited, and the peak
force developed have been discussed, for a long time, according to Hill's
model of a two-component system, where the contractile elements are
arranged in series with the elastic elements. In his model, it was further
postulated that the active state rises rapidly to its maximum, and muscle
potentiations were therefore generally related to a prolongation of the
active state. We have clearly demonstrated (Desmedt and Hainaut, 1368)
that, in staircase potentiation recorded from a normal human muscle «in
situ», the active state intensity is not maximum and therefore conciuded
that Hill's model is not applicable to mammalian muscle at hody tempera-
ture. Our suggestion was a two-componeant active state where the intensity
of activation of the myofilaments would be regulated by the intracellular
Ca't kinetics.

In a previous paper presented at the 4th International Sympoesium on Bio-
mechanics (Penn State, USA, 1973), we reported that this potentiation
could neither be related to a [owering of the electro-mechanical threshold
of the Isolated frog muscle fibre. This was another evidence that some
step in the intracellular processes regulating the electromechanical cou-
pling was intensified during staircase potentiation. These findings gave
further support to the two-component activation model suggested earlier
(Desmedt and Halnaut, 1968}.

In recent experiments, we have analysed the intracellular Ca’* movements
during standard membrane depolarizations, using the photoprotein «Aequo-
rin» as intracellular Ca** indicator, and *Ca micro-injections were made
directly into the cytoplasm of giant muscle fibres to follow Ca** movements
across the outer membrane. Qur results indicate that it is indeed possible
to intensify the active state, even in a single twitch, by a direct action on
the intracellular Ca?* movements (Hainaut and Desmed?, 1974.; 1974y
Desmedt and Hainaut, 1976). On basis of these experimental results, and
others, we will rediscuss the different types of muscle potentiations.
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NEURONAL MECHANISMS OF THE OPHTHALMOMIM{C
MUSCLES (POLYGRAPHIC EMG STUDY)

i
!

M. Heuser; Nsurologische Klinik, Ludwig-Maximilians-Universitit, Milnchen, Germany

Ophthalmomimic is the interaction between the extra-ocular eye-muscles
and the mimic-muscles (1-4). Beside their original assisting function in
looking and hearing the ophthalmomimic muscles serve in psychalogical
communication. Some special mechanisms of synergistic coinnervation
are polygraphically analyzed by the help of the emg-needle.

a) BELL's phenomenon:
The facial nerv induces the oculomotor nerv.
Psych.: devotion
Proverb: to turn a blind eye to

b} «Anti-BELL=»:
The oculomotor nerv induces the trochlear nerv.
Psych.: attention
Proverb: to be all eyes

¢) Oculoauricular Phenomenon:
The abducens nerv induces the facial nerv.
Psych.: caution
Proverb: to prick up one's ears
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EMG TO FORCE PROCESSING UNDER DYNAMIC CONDITIONS

A.L Hof and Jw.van den Berg; lahoratory of.Medical Physics, State University of Gro-
ningen, the Netherlands

INTRODUCTION

Electromyography has found widespread and fruitful application in kine-
siology, however mostly in a rather qualitative way. This in spite of the
existence of some well established empiric relationships concerning quan-
titative interpretation of the emg. The best known one is that the mean
rectified emg is linearly proportional to the isometric muscle force under
static conditions. The conditions under which this relationship holds have
been widened in two ways:

a) In isometric contractions the rectified emg is, after suitable low-pass
filtering, a measure for the time varying isometric force {e.g. Gottlieb
and Agarwal, 1971).

b) In isotonic contractions with constant velocity the mean rectified emg
is linearly proportional to the active state of the muscle (Bigland and
Lippold, 1954).

We have combined and extended these two lines of development, in order
to cover the general case of non-stationary emg and time varying muscle
length, by assuming that the rectified emg of a muscle, after filtering with
a low-pass filter whose impulse response has the same form as the active-
state curve of a twitch, is linearly proportional to the momentary value
of the active-state of the muscle. When this signal is used as an input
to an electrical analogue of the Hill muscle model the muscle force can
be obtained instantaneously for any kind of muscular contraction.

PROCESSING

The block diagram of the emg processor is represented in Fig. 1. It is
based on the Hill muscle model {(Jewell and Wilkie, 1958). Its inputs are
the emg and the angular position of the joint on which the muscle acts.
Measurements and parameter values refer to M. triceps surae (M. soleus
and M. gastrocnemius cap. mediale and laterale), the prime movers of the
ankle joint. For sake of convenience torques (M) and angles (¢) are used
instead of muscle force and -length.
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1. Preprocessing /

!

Surface emg's of the soleus and of both heads of the gastrocﬁemius are
amplified, bandfiltered {30-600 Hz, 12 dB/oct) in order to suppress artifacts
and noise, summed with adjustable weighting factors and full-wave rectified.

The other input, the joint angle ¢, measured between lower leg and foot,
is recorded by a potentiometer,

!
2. Active state

The active state M, is obtained from the rectified emg by low-pass filtering
with a third order averaging filter, the transfer function of which is

2T%s* + 120
H(s) =

T8 + 12T - 60 Ts 4 120

T is the averaging time. It has been shown (Kreifeldt, 1971) that this filter
has the smailest ripple with emg-filtering at a given settling time. This
advantage offsets the deviations from the active-state curve of the impul-
seresponse (Fig. 2a).

3. Torque-angle relation

This function (Fig. 2b) has been taken as
M(s) =My.£(8) with £(4)

1

1 Cfor ¢ < 45
¢ - w0
IR ZEEEE A R C

(¢1 and $2 being constants) with a gradual changeover between these
segments.

4. Hill relation

Rewriting the well-known Hill relation for muscle lengths shorter than
resting length (Abboit and Wilkie, 1953) yields:

£(¢) - no/b
IR

n = a/M, and b being the parameters of the Hill relation. This function is

bounded by 0<<M($, ¢) <M, f(d). (1 + ¢;) and so covers both positive and
negative shortening velocities (Fig. 2c).

M(¢,3) = M
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Fig. 2a/e - The components of the muscle model.

5. Series-elastic component
The SEC has been given a logarithmic characteristic (Fig. 2d). '

1n =0

be = ‘ MC

1
g
With M. {= 1Nm) serving only to make & = 0 at M = 0.

6. Parallel-elastic component

This component has been included to represent the mechanical properties
of the passive muscle. Direct measurements show that It can be written
as an exponential relation (Fig. 2e).

| b= 1
= - 0.87 Lt
M) = (42 o - 067 L2
RESULTS

In order to check the system performance, model output was compared
to the measured foot torque. The subject was standing with one foot




isometric

isotonic

Fig. 3 - Model input, output and measured foot turque.
The values of the model parameters for this subject were:
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10 Nm
1.0 rad/s
0.1
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fastened on a pedal whose axis of rotation was coincident with that of
the ankle. The pedal could be fixed, for isometric contractions, or loaded
with special Tensator springs or normal coil springs for isotonic and
auxotonic contractions respectively.

The results will be discussed. An example can be seen in Fig. 3. The
parameters have been found mainly by trial and error. The «error» trace,
M(model) - M{measured), indicates very few -if any- systematic errors,
only fluctuations due to the stochastic character of the emg remain.
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ELECTROPHYSIOLOGICAL STUDIES OF THE PERONEAL NEHVE
IN SYSTEMIC LUPUS ERYTHEMATOSUS

J

M. Horande, |. Gardenas, |. Abadf, F. Tapanes, N. Bianco, C. Noguera and L. Horande; School
of Medicine, Hospital Universitario de Caracas, Universidad Central de Venezuela,
Caracas, Venezuela

In the last two years, 46 patients with the diagnosis of Systematic Lupus
Erythematosus (SLE} were studied by clinical examination, laboratory and
EMG procedures in the Hospital Universitario de Caracas. This rather high
incidence and the first results of EMG examination were so impressive
that it was decided to explore systematically all these patients by the same
electrophysiological techniques. The peroneal nerve was chosen because,
in our own experience and as referred by others — Dinapoli (1966), Codisch
{1971), Cadilhac (1973), Noé&l (1973), Shahani (t1975) — the involvment of
this nerve seems to be more frequent, early, and pronounced in systemic
pathological condition such as diabetes or chronic renal insufficiency than
that of other peripheral nerves.

MATERIAL AND METHODS

The group of patients under study was formed by 44 women and 2 men,
with a mean age of 27 = 4.6 years. In all patients the peroneal nerve was

investigated on both sides; 1-3 months after the first examination, 2 patients _

had a bilateral control and one patient had a unilateral control. In one nerve
it was impossible to calculate the motor conduction velocity because of
the absence of an evoked muscular potential. A total of 97 explorations
of the peroneal nerve were performed.

Motor conduction velocity and distal latency were determined by electrical
stimulation of the nerve with superficial electrades and by monhopolar
recording needle electrodes, located in the Extensor Digitorum Brevis.
The duration of the Evoked Muscular Potentials (EMP) was measured from
the onset of the first deflection to the return to the isoelectrical line.
The EMP with more than 5 phases were noted as abnormal. With the same
needle electrodes we explored the Insertion Activity and the Maximum
Voluntary Activity in 34 muscles (EDB).

These findings in patients were compared with those obtained in 23 pero-
neal nerves of normal subjects.

No significant differences were noted between the right side and the left.

RESULTS

Electroneurographic Findings
Number of Nerves SLE Normal
Motor Conduction Velocity (m/s) 97 23
Distal Latency Time (ms} 478 £ 63 # 577+ 9.3
Duration of the EMP (ms) 46 =12 # 34 =
Number of Phases of the EMP 42% > 12 < 12
# p < 0.001 - 56% > 5 < 5

Electromyographic Findings

Number of Muscles (EDB) 34

Normal Insertion Activity 8.8%
Hyperirritable Insertion Activity 55.9%
Spontaneous Activity 35.3%
Normal Voluntary Activity 8.8%
Reduced Interference Pattern 17.6%
Discrete Voluntary Activity 70.7%
No Voluntary Activity 2.9%

DISCUSSION

Our electrophysiological findings clearly indicate the presence of a com-
plex defect in the peroneal nerve of the SLE patients, pointing to a
peripheral neuropathy, which is of the mixed type (fiber degeneration and
demyelination). The interesting fact is that, in these patients, the clinical
findings are relatively poor. Only 30% of the cases reported paraesthesiae
in the distal lower extremities; in 13% of the patients it was possible to
put In evidence objective sensory changes. The muscular strength was
slightly reduced in 8.7%. Muscles of the leg were painful to pressure in
13% and the reflex responses were diminished in 22% of the cases.

These rather low percentages of clinical abnormalities contrast very much
with the high incidence (more than 90%) of electrophysiological changes
encountered in our series, specially at the level of the neuro-muscular
system. It seems that the electromyographic abnormalities are more
striking than the changes of the nerve conduction because of the vascular
or/and inmunological process which affects the very distal part of the
peroneal nerve. As an hypothesis, we could suggest that the peculiar
involvment of the peroneal territory which occurs in the peripheral neuro-




pathies is due partly to his vertical position in human life and consequently
to a special status of blood circulation in the distal part of the /,t"erritory.
This type of peripheral neuropathy, generally sub-clinical as we shown
above from our data, is possibly more frequent than it is expected from
neurological examination and could be detected in many cases only by
electrophysiological procedures similar to those emploved in t,he present
study. ’
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METHODOLOGICAL ASPECTS ON CONTRACTION LEVEL
ESTIMATION FROM MYOELECTRIC SIGNALS

B. Jonsson; Work Physiology Division, National Board of Occupational Safety and Health,
Umed Hospital, Ume8, Sweden

INTRODUCTION

In electromyographic kinesiology there is often a need to use the myo-
electric output in order to get a quantitative measure of the force of
contraction or to facilitate quantitative interindividual comparisons of the
results. To allow this the EMG output must be calibrated or normalized.
Such levelling or calibration procedure consists of comparing the myo-
electric output, usually the mean absolute amplitude of the myoelectric
signal, to the output recorded during one or more defined test contractions.
These test contractions can be of different types, e.g.;
1. A maximal contraction.
2. A submaximal contraction with a specific load.
3. Resisting the gravitional forces on the body segment.
4. A series of contractions at different levels of the maximal force of
voluntary contraction (MVC).
It is important that the muscle is not in a state of fatigue when the test
contraction is performed, and that the muscle does not become fatigued
during submaximal test contractions. The latter can be avoided by keeping
the recording time of the test contraction short. On the other hand too
short a recording time may increase the error of measurement of the
EMG level.
The first three test contraction types are based on the assumption of a
linear relationship between EMG level and contraction level, whereby
the calibration procedure is simply a normalization. If this relationship is
exponential a calibration to only one test contraction is questionable.
The present study aimed at comparing some different methods for cali-
bration of myoelectric signals versus contraction level.

MATERIALS AND METHODS

Five male healthy subjects were examined on 20 different occasions.
In all cases the myoelectric activity from the common belly of the right
biceps brachii muscle was recorded with surface electrodes.

The test contraction studied, 5 s in duration, were 10%, 20%, 30%, 40%,
50%, 0%, 70% and 100% of MVC. The analysis of the myoelectric signals
consisted of detecting the time means of the amplitude of the full wave
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rectified and low pass filtered signals. In this study the mean gibsolute

EMG amplitudes recorded at 10%, 30%, 50%, 70% and 100% fof MVGC

were Used for establishing the EMG — force relat|onsh|p, and those recorded

during 20%, 40% and 60% of MVC were used as test signals. Three diffe-

rent ways for calibration were tested (figure 1);

1. Normalization to 100% of MVC assuming a linear reiatlonshlp hetween
EMG and force from 0-100% of MVC,

2. Normalization to 30% of MVC assuming a linear relat[onshlp between
EMG and force at least from 0-30% of MVG.

3. Using a calibration curve for the relationship between EMG level and
force output obtained by the least squares exponential curve fit of the
absolute EMG amplitude levels acheaved from recordings at load levels
corresponding to 10%, 30%, 50% and 70% of MVC.

P
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Fig. 1 - Absolute myoelectric level versus force for three different test contractions (0) to
(1) the jinear function through 100% of MVC, (2) the linear function through 30%
of MVC, and (3) to the exponential function obtained from 4 test contractions at

different levels of MVC.

RESULTS AND CONCLUSIONS

Calibration by normalization to the absolute EMG amplitude at 100% of
MVC proved to be the least exact method for normalization. This method
gave very large errors of force estimation at all three levels tested.
Normalization to a test signal at 30% of MVC proved to give almost
exact values of the test contractions for 20% and 40% of MVC. Above
the latter level this method for calibration gives too large errors of force
estimation to be acceptable,

The use of the exponential function obtained from several test contractions
proved to give the smallest errors of force estimation of all force levels
tested.

Of the three tested methods for contraction level estimation by the use
of myecelectric signal amplitude parameters the most exact method thus
seems to be to perform a series of test contractions at force levels
between 0-70% of MVC and from the results obtained calculate the curvi-
linear regression function in the least squares sense, y = b exp(mx), for
the relationship between EMG and muscular force. Gontraction level esti-
mation should then be made against this calibration curve.




MOTOR NEURONE DISEASE OF LEAD PCISONING

A. Jusic, M. Sostarko, T. Beretic, A. Markicevic; Electromyographic Laboratory, Department
of Neurology, University of Zagreb, Zagreb, Yugoslavia and Institute for Medical
Research and QOccupational Health, Zagreb, Yuglosiavia i

Gombault (1) described lead poisoning in humans 1880 and émphasised
that the main pathoanatomical feature of lead neuropathy was segmental
demyelination. The results of the animal experiments made by Fullerton (2)
were in agreement with old Gombault's opinion. The results of investiga-
tions and our own experience favour the diagnosis of motor neurone
disease against neuritis. In 1907 Wilson (3) emphasised already the simi-
larity between the clinical signs and symptoms of lead poisoning and
amyotrophic lateral sclerosis. Aran (4) described in the original paper the
disease, which is called by his name, in eleven persons. Three of them
were exposed to lead and two had early clinical signs and symptoms of
lead poisoning. Campbell and collaborators (5) studied 74 patients with
signs and symptoms of amyotrophic lateral sclerosis. They found that 15%
of these patients had been exposed to lead and seven were treated by
chelating agents.

The authors analysed a large group (N:94) of factory workers and farmers
intoxicated by lead. The diagnosis of lead poisoning was done at the
Department for Occupational Disecases of Institute for Medical Research
and Occupational Health.

In Electromyoneurographic laboratory the patients had complete neurolo-
gical examination and electromyoneurographic analyses: electromyography
of voluntary and spontaneous activity and also efferent and afferent con-

duction velocity measurements with evoked potentials analyses. The ana- ’

lysis was done by DISA three channel, Medelec two channel, Tektronix 565
Dual Beam osciloscope and Muitistim DISA electronic stimulator.

The main results are presented in tables.

A great deal of analysed workers were coming from a factory working with
enamel production. Some worked on a bridge burning off the old dye
containing lead. They were young people with no sings of alcohol addiction.
The most of them had electromyographicaly the loss of motor units and
appearance of large motor units action potentials. The farmers drank the
wine with lead which was coming in from the ename! of the ceramic pots
and jars. Some of them displayed mixed polyneuropathy. The most of them
were heavy alcoholics too. In few cases some syndromes were differen-
tiated which were not related to lead poisoning.

Atrophy of the small muscles of the hand and feet was outstanding of
neurological examination. The often described wrist and fingers extension

Table 1

CLINICAL NEUROLOGICAL AND ELECTROMYONEUROGRAPHIC

GROUP SIGNS AND SYMPTOMS NUMBER
1 NORMAL CLINIGAL AND ELECTROMYONEUROGRAPHIC FINDINGS 28
2 ONLY NEURCLOGICAL FINDINGS ABNORMAL 4
3 ONLY ELECTROMYOGRAPHIC #IND[NGS ABNORMAL, LARGE MOTOR
UNIT ACTION POTENTIALS 31
4 CLINICAL NEUROLOGICAL AND ELECTROMYOGRAPHIC FINDINGS
ABNORMAL :
a) POLYNEUROPTHY (MIXED TYPE) ) 15
b) SPINAL AMYOTROPHY 10

5 SINGLE SYNDROMES PROBABLY NOT RELATED TO SATURNISMUS

a) LIMB GIRDLE MYOPATHY i

b) PEROMNEAL MUSCLE ATROPHY 1

¢) DELIRIUM, POLYNEUROPATHY 1

d} PSYCHOTIC REACTION, POLYNEUROPATHY 1

e) ENCEPHALOMENINGOPATHY, ALCOHOLISM 1

f) CEREBROVASCULAR ISCHEMIG ACCIDENT,
MALFORMATION OF LEFT CARQOTID ARTERY WITH
CONTRALATERAL HEMIPARESIS 1

palsy was found too. Sensory changes were found only in the patients
that were heavy alcoholics.

The loss of motor units and appearance of large motor units action poten-
tials was found in spinal amytrophy of amyotrophic lateral sclerosis. The
conduction velocity studies were done in median, ulnar and deep peroneal
nerve by bipolar needle electrodes. The motor conduction velocity and
afferent conduction velocity with direct stimulation of the nerve were
within the normal values. Only the afferent conduction velocity based on
cutaneous stimulation in mixed polyneuropathy group were on the lower
limit level. The second table displays the results of electroneurographic
analysis of the median nerve.




Table 2

ELECTROMYOQGRAPHIC ANALYSIS OF MEDIAN NERVE

4%

HAY

ms/cm

CONDUCTION VELOCITY m/s

SENSORY ACTION
POTENTIAL

SENSORY DISTAL LATENCY NERVE ACTION
POTENTIAL

AFFERENT

MOTOR

M=7.8x8%1
16

M=18.82-124
N =21

3.8/6.7+1.1/0.9

M:
N =21

M=525+5.3
N =16

M=655+73
N =21

M=586+72
21

M=57

M=15.7
N =

3.6/6.820.5/0.8

M=
N =4

54,6+6.2 M=68.8+55 M=59.3

M=

8.0x57
19

M=212+14.0
21

2.8/7.3+1.8/1.0

M:
21

M=51.6+6.7
19

M=T71.1+84
21

M=61.8+6.7
21

11.5£11.0

M=

223+161

M=

43/70+03/1.0

M=

=63.9=x55 M=48.7x£4.0

M

M=58.9x=6.3
10

N =10

N =10

N =10

11.5£9.0

M=

208109

M=
N =6

40/7.0=03/1.0

58.9+5.6 M=624+7.1 M=56.7%6.1 M=

M:
=8

We want to emphasise that the most of examined subjects had the elec-
tromyographic finding of motor units loss with large motor units action
potentials and some of them had also clinical signs and symptoms of
spinal amyotrophy. The conduction velocity studies gave completely normal
results. We do not think therefore that the conduction velocity changes
could have the value of exposure monitor.
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MUSCLE REINNERVATION AFTER BLOCKADE
OF NERVE IMPULSES, A PRELIMINARY REPORT /

i

J. Koczocik-Przedpelska, T.Bik, E.Przedpelska-Ober, W. Wysocka; Dept. of Pathoohysiology
of Locometor Organs, Institute of Orthopedics and Rehabilitation; Deﬁ)t. of Normal
Anatomy, Institute of Biostructure, Academy of Medicine, Poznan, Poland

There have been reported many investigations about the action-mechanism
of drugs inhibiting neuromuscular transmission, and about muscle destruc-
tion after local administration of anesthetics. There has heen little work
done to show if such substances could change the process of muscle
reinnervation when injected in the vicinity of the injured nerve. The first
experiments in these lahoratories have suggested that some local anesthe-
tics delayed reinnervation after axonotmesis. The purpose of the present
research was to determine this effect more precisely, and to elucidate if
the substances blocking neuromuscular transmission have the same in-
fluence.

MATERIAL AND METHOD

The n. ischiadicus was crushed unilaterally in rats. At various intervals
after axonotmesis the operated extremity in the experimental group was
injected every day with either marcaine, xylocaine or tubocurarine. The
operated animals in the control group obtained the same volume of either
isotonic saline solution or distilled water in the vicinity of n. ischiadicus
as in the experimental groups.

The animals were under observation for four weeks. Electromyograms of
the tibial muscle were done and walking ability was observed. In this time
period excitability curves were defined for the tibial muscles, and motor
conduction velocity of n. ischiadicus was measured.

The animals were sacrificed subsequently and the tibial muscles were
removed. The dry weight of muscles was determined, as well as water
content and calcium, sodium and potassium ion content. The healthy
extremity served in all cases for comparison. For the histological exa-
mination m. gastrocnemius was used. The technique with 0s0: and hema-
toxyline-eosine was carried out.

RESULTS AND CONCLUSIONS

The results have indicated that the reinnervation of rats which obtained
marcaine differed significantly from those in the remaining groups. At

the end of the four weeks in the marcaine group numerous denervation
potentials in tibial muscle had occurred, whereas in the other groups they
were rare. The loss of dry weight of muscle and water content did not
change significanily in all groups, but the calcium ion per cent decreased
especially in the marcaine group.

The experiments are not finished yet but the results thus far suggest that
the muscle reinnervation is restrained by the lack of nervous impulse
transmission. Simultaneously the excitability curve of tibial muscle was
shifted upwards and io the right.




TESTS FO MAKING USE OF THE PHANTOM PHENOMEN.ON
WHEN USING A PROSTHESIS /

]

J Koczoci.k-Przedpe!ska, W. Gruszezynsky; Dept. of Pathophysiology of Locomotor Organs,
tnstitute of Orthopedics and Rehabilization, Academy of Medicine, Poznan, Poland

The aim of this investigation was to verify whether the :phaﬁtom feeling
retained in the limb partially amputated can be helpful in teaching patients
to use a prosthesis of the upper limb. Similar suppositions were suggested
by Sielow, Moser and Eyged but concrete efforts of solving the problem
were not untertaken. It was decided to test, thus, whether the appearance
of the phantom phenomenon would be affirmed objectively by electromyo-
graphic examination.

The hypothesis was suggested that in patients with an active phantom
phenomenon an imaginary -movement of the amputated limb would evoke
a pattern of the movement in the cortex of both hemispheres. This cortical
pattern of movement may evoke, in turn, action potentials in muscles
which should really cooperate in function of the limb. According to this
hypothesis the imaginative movement of the phantom portion of the extre-
mity could evoke a response of the healthy one in form of action potentials
possible to be registered with the electromyographic method.

MATERIAL AND METHODS

All examinations: were carried out on 30 persons with one upper limb
amputated above the elbow and with a phantom feeling. In addition 20
healthy persons for the control group were tested electromyographically.
Electromyograms were done with surface electrodes. The myoelectric
activity was registered from the following muscles: thenaris, hypothenaris,
flexores, extensores dig., biceps brachii and triceps brachii of the healthy
limb during the imaginative movement of the amputated limb. We tried
to evoke the imaginative movement in all examined patients regardless
whether the appearance of a real phantom was confirmed by them or not.
In the control group the examinations were repeated during voluntary
movements of the left and right limb alternatively, and the electromyo-
grams were received from the inactive limb.

The sensory excitability curves were defined for all amputees. The curves
were marked for the symmetric points for the healthy and for the ampu-
tated limbs at six points over the skin in the areas of the shoulder on the
anterior .and posterior surface, in the central part of the arm-pit on the

anterior and lateral surface of the arm, and on the end-surface of the
stump. In six areas of the skin on both limbs marks for light touch exami-
nation were done in a similar way.

RESULTS AND CONCLUSIONS -

In the control group the voluntary movement of one upper limb has resulted
in the appearance of action potentials in the contralateral inactive limb,
in varying amounts. A response of bioelectric activity in muscles of the
hand was observed to appear rarely, while in the muscle of the upper-arm
and forearm it occurred more often (Fig. 1).

Fig. 1 - Electromyogram of the thenar (lI) and hypothenar (1) muscles of the healthy limb,
obtained while a2 movement of the amputated limb was being imagined.

The results obtained from persons with an amputation were found to be
different. In this group action potentials were rarely observed during fle-
xion and extension of the phantom [imb at the elbow joint, but the response
in form of bioelectric activity occurred more during an imagined movement
involving carpal joint function and during finger abduction. In healthy con-
trols the response was found to distinctly prevail in the part of the upper-
limb, in amputees the response appeared in the distal part.

An imagined movement of the amputated limb was observed to often evoke
non-voluntary myoelectric activity in the muscles of the normal hand. A
response of this kind has appeared more rarely in the muscles of the
forearm and upper-arm. In healthy controls the unvoluntary response during
the movement of the contralateral limb was observed to occur most often
in the muscles of the upper and forearm and only very seldom in the hand.
The results of the electromyographic examinations of amputees were




/
compared with the type of the phantom phenomenon. In nine pa’rlents the
phantom of the amputated portion was very realistic. The rest demonstrated
an unreal phantom,

Sensory excitability of the stump skin was less than in the skin of the nor-
mal contralateral limb, especially on the end surface of the stump LF]gs. 2,
3, 4). ,
Excitability curves for amputated limbs were shifted upwards and to the
right relative to the contralateral normal limb. The decrement in excita-
bility was repeatedly observed and did not depend on the age of the
patient or the kind of amputation. No connection was found between the
sensory excitability and the length of period between the amputation and
application of the prosthesis,

The results of light touch sensory measurements were more divergent
than excitability designations, consequently the over-all differences bet-
ween the obtained values from both limbhs were not significant.
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Fig. 2 - A comparison of the sensory excitability curves of the skin of the shoulder, the
anterior surface of the amputated limb (dotted iine), and of the normal limb
(continuous line).
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Fig. 3 - A comparison of the sensory excitability curves of the skin of the shoulder, the
dorsal surface of the amputated limb (dotted line), and of the normal limb (con-

tinuous line).
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Fig. 4 - The sensory exciiability curve of the skin at the end surface of the stump
{patient 5.).). .
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ON-LINE COMPUTER APPLICATION
IN CLINICAL QUANTITATIVE ELECTROMYOGRAPHY

J.Kopec and I Hausmanova-Petrusewicz; Department of Neurology, Medical Academy,
Warsaw, Poland i

This paper concerns the quantitative on-line analysis of EMG data by
means of a mini-computer (ANOPS). The computer was programmed to
measure particular parameters of the EMG signal in the form of histo-
grams. These measurements were taken during the electromyographic
examination, and were fed, in turn, into the output of a Disa Electromyo-
graph. In weak voluntary muscle contraction three histograms were ob-
tained; giving the distributions of single action potentials in terms of
1) duration, 2) number of phases, and 3) amplitude. In strong voluntary
contraction two histograms could be obtained; giving the distributions of
1) amplitudes and 2) intervals (discharge frequencies). The histograms
were displayed on the computer screen, and their mean values were used
for the automatic quantitative analysis of the EMG data. The obtained
results of such analyses were sufficiently accurate, in comparison to
more conventional methods, to differentiate between pathological and nor-
mal EMGs.

The method has been based on the assumption that the examiner will
obtain technically the best possible EMG measurement, that is; the iso-
lated action potentials of a single motor unit which are detected as near
the source as possible. This assumption is most important because the
computer counts and selects all potentials whose absolute amplitude
exceeds 100 pV. This is the only criterion that was used for the inclusion
of 1024 single action potentials in one histogram.

In terms of the parameter of potential duration another important issue
has been considered, the level of amplitude at which real duration is most
accurately estimated. The duration of the potentials was measured at the
20 pV level crossing points. This is in agresment with Lee (1973), and
duration measured in this way with the computer from normal subjects
agrees within ten per cent with the values reported by Buchthal (1957)
and Kopec and Hausmanowa-Petrusewicz (1974).

The second parameter which has been taken into consideration is the
number of phases in a specified potential. In certain cases we have
observed fairly long polyphasic potentials with some phases not always
crossing the zero line. A single phase has been defined, thus, as any
inversion of polarity which exceeds 40 uV from the point of inversion.
This method of determining the number of phases in the single potential
is somewhat different from that of other authors.
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The third parameter to be estimated was amplitude. It is known that the
use of this parameter has been questioned, mainly because it depends
considerably on the conditions of recording. It was found that with the
histograms of the amplitudes of single action potentials this parameter
became particularly important, e.g.; in differentiating between polyneuro
pathy and other horn cell diseases. '

The second stage of our work was the processing of the histograms of
the EMG data measured during maximal contraction. It would appear that
the most suitable method for analysis of such data has been suggested
by Willison (1964). The method which has been used in this study was
based, thus, on assumptions similar to those of Willison, but our basic
unit was variable. In that the analysis of the EMG data has been done on-
line and the computer is connected directly to the electromyograph, we
have conceptualized the computer as a device reading the photographed
EMG records. It was assumed that the accuracy of the amplitude reading
by the computer during maximal contraction was one millimeter per one
address, and the accuracy of amplitude estimation depends on the measu-
rements procedure. For example, the sensitivity of 1000 pV per centimeter
of the EMG amplifier corresponds to the computer accuracy of 100uV per
address. ' '

The density of the EMG response during maximal contraciion was defined
in terms of the time interval between negative peaks. The intervals were
measured with an accuracy of 1.28 ms, and could be expressed in Hz as
well.

The results of this study have been obtained with 20 control subjects and
195 patients. The results will be discussed, first, in terms of the range
of variation within the three parameters for normal muscle, myopathy,
peripheral neurcpathy and anterior horn cell lesion; and, second, in terms
of the correlation of these data with accepted quantitative norms as
determined electromyographically.
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ELECTROMYOGRAPHIC STUDY OF ENGLISH PRONUNCIAfION

S. Koyama, T. Qkamoto; Kansai Medical School, Hirakata city, Japan ;
M. Yoshizava; Fukui University, Fukuy city, Japan i
M. Kumamote; Kyoto University, Kyoto city, Japan ]

The purpose of this study is to analyze English consonants from the elec-
tromyographic point of view, and to make the analyses available for tea-
ching the pronunciation of English as a second language. Sounds should be
studied synthetically in terms of articulatory organs, but this study is
focused mainly on muscles around the mouth, in order to perform the
experiment easily and to make it broadly applicable to teaching English
as a foreign language.

METHOD

1. Subjects: i) Two native speakers aged 19 and 37, ii) Three Japanese
aged 18, 28, and 30 who are well-trained in English pronunciation, and
iii) Twelve Japanese aged between 18 and 39 who are untrained in
English pronunciation. The five subjects out of the untrained twelve
have been trained to pronounce English correctly, and learning process
has been recorded. :

Muscles tested: Orbicularis oris (OQO), Depressor labii inferioris *(DLI),
Digastricus venter-anterior (DVA), Levator labii superioris alaeque nasi
(LLSAN), Masseter (M), and Temporalis (T).

Recordings: Electromyograms were recorded by an 18-channel mulii-
purpose electroencephalograph and a 6-channel electromagnetic oscillo-
graph. Surface electrodes used were 5 m.m. in diameter. Sounds were
put into the microphone, movements of the lips were filmed by 16 m.m.
movie cameras {32 f/sec., front and side views), and the vertical
movements of the mandible were recorded suitably by the electrogo-
niometry. The sound waves, the signal pulse corresponding with each
frame of the film, and the goniogram were simubtaneously recorded
with the electromyogram.

Words tested: The four-paired English words (right - light, she - see,
vase - base, thank - sank) were selected because of the following
reasons; 1) they include consonants peculiar to English, and 2) they
are very difficult sounds for the Japanese to distinguish. In order to
examine various ways of pronunciation, subjects were requested to
repeat each word approximately a hundred times.

RESULTS AND DISCUSSION

Figure 1 shows the electromyograms of the native speaker, the well-

trained Japanese, and the untrained Japanese, which were recorded during

the pronouncing of «rights and «light».

1. [r] and [}] as pronounced by the native speaker:
There appeared almost no difference of the discharge patierns in DLI
and DVA, but a remarkable difference of the discharge pattern was
observed in O0. The strong discharge of OO started before [r], con-
tinued till the middle part of [r], and later showed a tendency to disap-
pear. Such discharge pattern was not the case with [I]. The discharge
patterns of 00, DLI, and DVA which appeared before [r] indicated that
the lips were slightly pouted, as was fully observed from the frames
of the film. During the pronouncing of [r] and [I], the strong discharge
of DLI continued, and the burst of DVA appeared in the latter half.

This indicated that during that period the fower lip was kept spread down,

and in the latter half the mandible was lowered.

2. [r] and [|] as pronounced by the well-trained Japanese:
The discharge patterns showed almost same tendency as in the native
speaker, but the strong discharges of DLI and DVA appeared also before
the pronouncing of [r], and they showed a co-contraction with OOC,
which -did not appear in the native speaker. This discharge pattern
indicated that the well-trained Japanese pouted the lips rather strongly
as was observed from the frames of the film. During the pronouncing
of [r] and [1], more remarkable discharge of DLI and strenger discharge
of DVA appeared than in the case of the native speaker. This indicated
that the Japanese subject depressed the lower lip and lowered the
mandible rather actively, which might result in remarked discharges in
M and T which are antagonists of DVA.
Figure 2 shows the electromyograms of the untrained Japanese which were
recorded during the pronouncing of [r] and [I]. Record | was obtained
when the subject was not trained to pronounce the two sounds correctly,
record Il after the subject was trained once a week for three months at a
language school, and record Il after the subject was trained personally
and intensively by an English instructor, emphasizing the electromyo-
graphic differences obtained from the native speaker. In record I, both of
the electromyograms recorded during the pronouncing of [r] and [I] sho-
wed an almost identical pattern. This was similar to what was recorded
when the subject pronounced Japanese [ral. In record Il, [r] and [I] the
subject pronounced could not be distinguished by the English instructor,
and the electromyograms did not yet resemble what was obtained even
in the well-trained Japanese. In record lll, as for [r], an emphasis for
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trainings was put on the lips pouting; while for [1], the spreading down
of the lower lip as well as the tongue position was emphasized. The result
indicated that the electromyograms resembled what was observed in the
native speaker and the welltrained subject. The electromyograms were
recorded after [r] and [I] the subject pronounced could be distinguished
by the English instructor. In this period, the discharge patterns approached
those of the native speaker and the well-trained subject. After [r], the
strong and continuous discharge did not appear supposedly because the
depressing of the lower lip was not emphasized in teaching.

in the cases of «she-see», «thank-sank», «vase-base», the results
obtained were briefly summarized as follows; there appeared the stronger
discharges of QO when [8], [9], and [v] were pronounced by the native
speaker and the well-trained Japanese subject than in the case of [s] and
[b]. The strong discharges of DLl were observed when both of the sub-
jects pronounced [8], [s], [&], [v], and [b]. As for [&], [8], and [v],
the lifting up of the lower lip was emphasized; for [s], the depressing
of the lower lip; for [b], the closing of the lips. After these trainings, the
Englsh instructor concluded that the subject improved much in pronouncing
each consonant correctly; while the electromyograms approached those
of the native speaker and the well-trained subject.

The results obtained have made it clear that there are, more or less,
specific and characteristic ways of using muscles around the mouth in
pronouncing English consonants, and that this study would be very uselful
for teaching pronunciation of English as a second language.




'DETERMINANTS OF MYO-ELECTRIC POWER SPE
PART I: THEORY CTRA. |
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niversityef Technology, and Laboratory of Clinical Neurophyslology, § h]‘ ‘ i-
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The power spectrum is a highly effective and useful description of signals
in general. Since spectral analysis is applicable to repetitive as well as
aperiodic events, it is not surprising that this method has a growing posi-
tion as a tool in the quantification of EMG. Changes in myo-electric power
spectra are known to correlate with clinical findings although the details
of casuality are in general unknown. In order to interpret such spectra a
physico-mathematical model describing the propagation and summation of
the myo-electric signals has been developed by Lindstrém (1970, 1973)
Broman (1973), Broman and Lindstrém (1974), Lindstrdm and Broman [1974]’
and Lindstrém and Kadefors (1974). In the model the shape of the power
spectrum is determined by a set of physiologically and anatomically well
defined parameters. Since the results are expressed in terms of power
spectra, the features of the model are closely related to those of EMG
spectral measurements. The model is started at the level of single fiber

signals and is gradually built up to yield expressions for motor-unit signals
and whole-muscle signals as well.

Consider an action potential propagating with velocity v along a cylindrical
muscle fiber of radius a surrounded by a volume conductor. Due to the
cylindrical geometry, the power spectrum Weiw) of the electric field outside
the fiber will have a radial (h) dependence expressed by the following
equation:

Wilw) = Walw)K%{wh/v)/Kh{wa/v). (1)

Here, w is the angular frequency (w = 2r times the frequency), Wailw) is
the power spectrum of the action potential at the fiber surface and K[ )
is the modified Bessel function of the second kind and order zero. The
quotient between the Bessel functions in eq. (1) can be regarded as a
filtering function of low-pass type with a cutoff frequency which is inversely
propottional to the distance h. The spectral dependence according to eq.
(1) can be more or less modified due to non-ideal geometry, e.g. innerva-
tion discontinuity and finite fiber length which factors are also accounted
for in the modef.

Due to the innervation configuration there is a temporal dispersion of
standard deviation o of the individual fiber contributions to the motor unit
signal. At low frequencies the original signal coherence is preserved and
the spectral contributions add linearly. With increasing frequency the
coherence gradually decreases through a transition region to a region
at high- frequencies -where the. contributions are added - in square. The
shape of the power spectrum in the transition region will depend on the
distribution of time delays. In the case of a Gaussian distribution the
observed motor unit power spectrum is

Wodw) = Welw){ N + N(N — 1)exp(— w's+}, (2)

where N denotes the number of fibers in the motor unit. The filtering
effect of the summation of dispersed signals is that of a low-pass filter
with cutoff frequency

o = 'E/GT [35\]

and an increasing rolloff up to a frequency

w1 = eV I N (3b)

above which the value of this particular filtering function reaches a con-
stant value. A measure of possible variations in the motor unit power
spectrum is given by the variance according to

Var] Waa(0) } = Wiu(w) [N(N — 1)(1 — exp] — w’e="1)’
(1 4+ 2[N — 1]exp[ — w’o<?] + exp[ — 2w'e1)]. (4)

It is to be noted that the motor unit signal summation displays large
variations in the high-frequency region, where the normalized standard
deviation tends towards unity.

The motor unit contributions to the whole-muscle signal are assumed to
be uncorrelated and are thus summed as power densities weighted with
the distance dependent filtering function. For extramuscular lead-off the
following expression for the whole-muscle power spectrum is valid

Wtofal(w] - A[H{hmln] - H[hmax)] . [5]
Here,

A ? Walw)[1 + (N — exp(— wo) ][ (wa/vIKilwa/v])] 72, (6)
an

H(h) = Velwh/v)[Kd(wh/v} — Kd(wh/v]]. (7)




In eq. (5} hun denotes the shortest distance between the efeé‘crode and
the muscle and the difference Huw — hwiy is the muscle thicknq«és,

For intramuscular lead-off additional parameters such as distances between
active motor units and the degree of their overlapping enter into the
equations describing the whole-muscle power spectrum. !

The electrodes used for lead-off have a pronounced filtering effect on the
signal. Calculations on the configuration of coaxial needle electrodes yield
transfer functions of high-pass character with cutoff frequencies between
100-200 Kz and slopes in the low-frequency region varying between 0 and &
dB/octave depending on insertion depths and cannula radii.

The transfer function G(w) of bipolar surface electrodes lined up in the
direction of the muscle fiber is

Glw) = sinY(wd/v), (8}

where d is half the electrode plate separation. Bipolar surface electrodes
introduce a differentiation at fow frequencies and so-called dips in the
power spectrum at certain higher frequencies such that

wd/v=n.m,n=201,2,.. (9}

Using eq. (9) we are able to calculate the action potential conduction
velocity from the position of the dips.

The model outlined here is a tool in the interpretation of EMG findings in
general. More specifically, the model has been used for experimental .para-
meter identification yielding quantities of biological significance. The mode|
has also been applied to localized muscle fatigue studies, studies on
motor unit synchronization phenomena, optimization of electrodes for EMG
control of externally powered prostheses and evaluation of antispastic
drugs. Extensions of the model are descriptions of spectral moments of
varfous orders and their relationship with a number of methods for quan-
titative EMG analysis, '
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DETERMINANTS OF MYO-ELECTRIC POWER SPECTRA¢
PART li: EXPERIMENTAL VERIFICATION

H. Broman, L. Lindstrém, B. Magnusson, I. Petersén and E. Stalberg, Department of Applied
Electrodnics, Chalmes University of Technology, Labaoratory of Clinical; Neurophysio-
logy, Sahlgren Ospital Goteborg, and Laboratory of Clinical Neurophysmlogy. Aca-
demic Hospital, Uppsala, Swedsn

In this communication attention will be drawn to the identification of the
different parameters used for describing the myo-electric power spectrum.
First, it will be shown that the model derived in Part | gives an accurate
description of the outcome of a set of test experiments. These experiments
range from the single fiber to the whole-muscle levels. Second, the use
of the model in the interpretation of experimental data will be demons-
trated.

Unless otherwise stated all power spectrum and transfer function esti-
mates were obtained by means of the fast Fourier transform implemented
on a PDP 15 digital computer. The parameter identification was performed
digitally. Values from theoretical expressions well matched by parameter
variation to fit experimentally observed data. Parameter values yielding
minimum mean squared error — as calculated on the logarithmically scaled
data — were accepted as descriptors of the experimental myoelectric
signals.

As can be seen in eq. (1) of Part I, the power spectrum at the cell surface
enters as a source factor of the power spectrum outside a muscle fiber.
There is no way of measuring this source factor. Thus, in order to test the
validity of eq. (1) we have to proceed in the following way. Consider the
power spectra obtained at two different distances h, and h,, say. The ratio
bhetween these two spectra can be written:

Welw, ha)

Ko? (why/v)

(10}

Wieloo, h) K2 (why/v)

Ratios such as this, or rather their square-roots, may be referred to as
transfer functions, and describe the fiitering of a source at h: as measured
at h.. By performing a volume conduction measurement (St8lberg, 1966) it
is possible to calculate a series of transfer functions with unknown distan-
ces to the fiber, but with a known relation between these distances. In this
way one may estimate the actual distances from the recording surfaces to
the fiber center and observe the differences between actually observed
transfer functions and those predicted by eq. (10). The outcome of one
particular experiment is plotted in Fig. 1. In this experiment, the recording

surface closest to the fiber was estimated to be 82 um from the fiber
center, which is a quite reasonable value in such an experimental situa-
tion. Furthermore, the average deviation between estimated and predicted
transfer function was approximately 2°per cent, indicating a reasonably

good fit.

Ims .
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Fig. 1 - Single fiber action potentials from four adjacent surfaces in a multi-electrode
needle fabove). The three transfer functions according to eg. (10), when the sur-
face closest to the fiber is regarded as the source (below).

The next test on the validity of the present model of EMG power spectra
was performed on a single motor unit action potential, derived by means
of a differentially coupled pair of surface electrodes. These electrodes
introduce dips in the power spectrum, cf. eq. (8) of Part I. For a motor
unit displaying small interfiber velocity dispersion, the average conduction
velocity can easily be obtained from the location of such spectral dips.
In order to identify other parameters of anatomical and physiclogical
significance, it is necessary to have a low-noise recording of the motor
unit action potential. This can be accomplished by means of averaging a
succession of discharges from a specific unit. An example of such an
experiment is plotted in Fig. 2.
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For one particular motor unit in the long head of the m. biceps brachii the
following parameter values were obtained: conduction velocity 3.9 m/s,
distance to the skin 1.9 mm, 160 fibers, and an arrival time standard
deviation of 0.6-'ms. This dispersion of arrival times implies that the
distribution of synapses along the muscle fibers can be described by a
standard deviation of 2.4 mm. Taking into account that the electrodes were
pressed towards the muscle belly, thus lowering the muscle-to-electrode
distance, and that the unit was recruited at a relatively low load on the
biceps, all the parameter values seems to be in good agreement with
data in the literature, obtained by other, more complicated methods.

The final test on the model to be reported here concerns whole-muscle
signals. Due to the increased complexity of the model and to experimental
difficulties, a rigorous verification is almost impossible. In this test the
muscles investigated were m. biceps brachii dx and m. extensor carpi
radialis longus dx. The power spectrum analysis was performed by means
of an analog octave band analyzer. The data used is actually a subset of
the data reported upon by Lindstrém, Magnusson and Petersén {1974). As
the analyzing procedure determined the power in seven frequency bands
only, a limited number of parameters can be identified. The parameters
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Fig. 2 - Averaged motor unit action potential (above] and its energy spectrum {below).

chosen and their estimated values are listed in Table I. Some of these
variables take values that seem to be somewhat questionable. For instance
the muscle-to-electrode distance seems to be underestimated and the
conduction velocity to be overestimated. The reasons for these deviations
can be found in the analyzing procedure, octave band analysis yields
biased spectra and a poor frequency resolution, in the fact that noise is
added to the myoelectric signals, and in the fact that several parameters
of the model have similar influence on the power spectrum and thus are
very sensitive to imperfections in the estimated spectra. Further refine-
ment of the model and of the analyzing procedure is needed,

Table |

ESTIMATED PARAMETER VALUES FOR WHOLE-MUSCLE SIGNALS
For notations see part [

m. biceps brachil dx m. extensor carpi radialis longus dx
mean SEM mean SEM
Amin (mMT1) 2.5 0.7 1.9 05
o (ms) 0.66 0.05 0.42 0.08
T
v (m/s) 4.7 0.4 5.4 14

The present model for myoelectric power spectra has been used in the
interpretation..of experimental results in basic physiclogical terms. As is
well known, the power spectrum displays characteristic changes during
heavy contractions, static as well as dvnamic: the high frequency content
decreases and the low frequency content increases. Egs. (1), (6) and (7)
suggest that the argument of the power spectrum is essentially w/v, and
the phenomenon described could be caused by a decrease in conduction
velocity v. That this is indeed the fact has been demonstrated in several
experiments where dip analysis has been employed. For instance, as
reported by Lindstrdm, Magnusson and Petersén (1970), during a 30 seconds
heavy isometric contraction the conduction velocity declined exponentially
from 3.3 m/s to 1.9 m/s. In another experiment (Broman, 1973), on a
single motor unit, it was demonstrated that the conduction velocity after
such a contraction recovers exponentially, ¢f. Fig. 3. In the case studied
the time constant was 170 seconds. Another example of the use of dip
analysis for conduction velocity estimation is given by Broman, Ladd ‘and
Potersén (1974), who determined the average conduction velocity of the

i
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action potentials of the fibers of one motor unit with and withou;u"‘ admini-
stration of an antispastic drug (Dantrolene Sodium). No change in conduc-
tion velocity was observed, !

: .
10 15 (min}

-
0

=t

Average conduction veloclty of fiber action potentials in a motor unit after a heavy
isometric contraction as a function of time after the contraction. Note control
value before the start of the heavy contraction. Solid iine is the least squared
error fitted exponential.

In conclusion, the model gives an accurate description of EMG-phenomena
on the single fiber and the single motor unit levels. When whole-muscle
signals are considered, the model becomes fairly complex. This complexity
makes the parameter estimation procedure quite difficult and sensitive
to imperfections in the experimental data. Thus, at the present level of
knowledge it is not possible either to fully accept the model or to reject it.
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THE CLINICAL COMPUTERIZED EVALUATION OF ,/
PARAPARETICS GAIT IMPROVEMENT BY FUNCTIONAL
ELECTRONIC BRACE

Crt. Marincek, V. Valencic, S.Grobelnik, M. Kljajic; [nstitute for Rehabl[lta’mon
Josef Stefan, University of Ljubljana, Yugoslavia

L

Institute

The principle of functional efectrical stimulation (FES) found its confirma-
tion in the routine use of functional electronic peroneal brace (FEPB - com-
mercially available stimulator) for improvement of hemiplegics gait.

After some preliminary research studies about spinal cord injury patients
and FES (Kralj, Grobelnik 1973), we have had some encouraging results with
application of two FEPB-10s for bilateral gait stimulation of patients with
paraparetic lower extremities after spinal cord injury. An orthotic device
using FES makes use of the natural bone support and the lever system does
not need any external weight-bearing or force transferring devices. Having
in mind the results of the above-mentioned authors, it was the high power
amplification of FES, which was very important.

Our work is new evidence to the hypothesis that spinal cord patients can
benefit from FES from both therapeutic and rehabilitation points-of-view.
The method of stimulation (ipsilateral, contralateral) for gait improvement
and selection of optimal stimulus parameters has become much more
sophisticated.

Beside objective recording with a goniometric system there is a great need
to have a computerized model for on-line gait evaluation. Clinical laboratory
test of the type being developed and applied in our research study should
provide improved methods of identifying the optimal walking pattern.

To determine the efficiency of orthotic devices based on FES the computer
oriented system has been developed with the following properties: accu-
racy, reliability, simplicity, low cost, simultaneous measurement of right and
left leg movements, and usefulness in clinical routine practice for gait
analysis. Different authors have designed and developed measuring equip-
ment which can provide the data necessary for the quantitative gait eva-
luation. The problem of objective on-line and real time gait analysis pro-
grams has not been solved yet.

INSTRUMENTATION
The modular constructed program package for gait analysis has been written

in Fortran and Assembler program language. The package is running on the
mini-microprogrammable computer system consisting of a Hewlett Packard

2100 S processor with 24 K word core memory, disc HP 7900 with 2.5 M
word mass storage, Tektronix 1412 graphic terminal with hard copy unit,
digital to analogue converters, HP 2313 analogue to digital subsystem, and
standard paper tape units. Teletype is used as a system console. In addition
to the computer each experiment was monitored also by recording 6
goniograms of right and left basograms on a multichannel ultraviolet
oscillograph.

The hip, knee and ankle angles of both lower extremities in the sagittal
plane are recorded with a simple electrogoniometric system (Trnkoczy,
Bajd 1975). Heel-on and toe-off contacts were measured by foot switches.
Software system program package for gait analysis and diagnosis and for
experimental control is operating under a Multiprogramming Real Time
Executive (RTE) system.
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An example of immediatelly available data sheet results is presented.
The difference between unstimulated left (upper lines) and stimulated right
lower extremity (lower lines) is obvious.
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On-line real time results of bazogram are immediatelly recognized and
printed by Tektronix terminal display.
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THE BEHAVIOUR OF THE ELBOW FLEXORS DURING FATIGUE

W.D. Mcleod; Hughston Orthopaedic Clinic, Columbus, Georgia, U.S.A.

Some question has been raised in the literature as to what the prime
elbow flexing muscles are. This research studied four of the more prominent
elbow flexors, the short and long heads of the biceps, the brachialis and the
brachicradialis. Six subjects were instrumented with fine wire electrodes
in each of these four muscles and the EMG was recorded for later pre-
sentation from the four muscles. The subjects were then asked to hold a
contraction about the elbow joint at approximately 50% of their voluntary
maximum output torque. These subjects were asked to hold this contraction
as long as they could and the EMG was monitored over the full length of
the experiment. The results from this study show a rather interesting
phenomena. L

There was no consistancy across subjects as to the prime elbow flexor.
in some subjects the prime or major flexor at the start of the experiment
was the long head of the biceps, in other subjects it was the brachialis.
In no subjects were the brachioradialis nor the short head of the hiceps
shown to be important elbow flexors at the start of the contraction. In all
subjects there was a variation in the level of EMG's from the major elbow
flexors. The major pattern showed the prime elbow flexor EMG level would
decrease with time and the secondary elbow flexor would then increase to
take over its function.

All subjects behaved differently across this experiment but all subjects
traded levels of contractions within the muscles such that in the end, all
the EMG from all muscles eventually increased. Data is presented on all
six subjects to show the relative behavior of the EMG during the fatigue
experiment up to the time where the subject could no longer maintain the
contraction.

The significant conclusion to he drawn from this study was that when
measuring the EMG from any specific muscle and relating this to the
torque about the muscle, one must be very careful since the relative con-
tributions of the various muscles to the output from at least the elbow
joint changes depending on the physiological conditions of fatigue within
that muscle group.




EGM MEASUREMENTS IN THE DETECTION OF THE MECEiANlSM
FOR SUBLUXING PATELLA /

/

W.D. McLeod, A.Moschi, J.R. Andrews, J.C. Hughston; Hughston Orthopaedjc Clinic and
Tulane Sports Medicine Department, Columbus, Georgia, USA: Emory Unlversity,
Atlanta, Georgia, USA; Orthopaadic Clinic, University of Pavia, ltaly

The use of EMG-measurements of clinically normal muscle in-order to dia-
gnose the mechanism for joint pathology has been little used. In a previous
study done with patients exhibiting recurrent subluxing patellae, the motor
function associated with subluxing patella has been indicated. In the present
study nine chronic patients, four normal athletes suspected of being in
jeopardy of incurring a subluxing patelia and five normal athletes not su-
spected of being in jeopardy of subluxing patella were evaluated electro-
myographically. The EMG was measured from the vastus medialis obliquus,
vastus intermedius and vastus lateralis muscles of the quadriceps group.
In addition, the reflex time between a patelia tendon tap and the occurrence
of the EMG in the vasti muscles was recorded and analysed hy a PDP.SE
off-line computer. The results have shown that in the chronic patients and
in the apparently normal athletes who were deemed to be in jeopardy of
subluxing patella, the ratio of stretch reflex times of the vastus medialis
over the vastus lateralis was 1.09 while this same ratio in those athletes
deemed not to be in jeopardy of any subluxing patella was .96. The
examination of the EMG's from the three muscles during active flexion and
extension in weight-bearing conditions has shown that the possible etiolo-
gies for subluxing patella to be either a hyperactive lateralis muscle, and/or
a hypoactive vastus medialis obliquus muscle. It has been shown biome-
chanically that the only force applied to the patella to keep it from subluxing
laterally is the force applied by the vastus medialis obliquus. If this muscle
either contracts late and/or with not enough force, then either the |ateralis
and/or the intermedius will pull the patella laterally and cause a subluxa-
tion,

The indication from these results is that surgically something should be
done to increase the effectiveness of the vastus medialis obliquus as a
medial stabilizer of the patella, and in many of the patients a release of the
vastus lateralis muscle should be accomplished to reduce the hyperactivity
of this muscle and its extreme influence on subluxation of the patella.

KINESIOLOGIC CHANGES OF THE SPASTIC MUSCLE

0. Miglietta; Rehabilitation Medicine Valley Hospital, Ridgewood, Behabilitation New York
Medical College, New York, U.S.A.

The exaggeration of the monosynaptic stretch response has bee.n .recognlzed
as one of the most striking and fundamental aspects of spasticity. On the
other hand, one is struck during the clinical examination of reflexes in
spasticity not only by the exaggerated response of the muscle to stretch
but by the briskness of its contraction as weil. _

in the present study, the contraction time of the guadriceps mus'cle Was
examined by compairing the simultaneous electrical and mechafmcal iso-
metric response of the knee jerk in hemiplegic patients and in normal
subjects. .

The contraction time of the spastic quadriceps reflex response varied from
50 to 95 msec with a mean of 72 msec significantly shorter (p>0.001) thfem
the mean value of 91 msec (range 70 to 130 msec) obtained in the .Unln-
volved quadriceps and 92 msec [range 80 to 115 msec) in normal SUijeCtS.
The time to half relaxation was also shorter in the spastic guadriceps,
though the difference with normal was less significant (p>0.01).

It is evident from the results that the response of the quadriceps muscle
to phasic stretch is not only exaggerated in spaticity due to the larger
number of motorneurons that are reflexly activated, but it is also faster due
to a shorter contraction-relaxation time. It is reasonable to speculate tha.t
the changes in twitch speed of the spastic quadricpes observed in hemi-
plegic patients may be caused by one or more of those _fac’rors known
experimentally to affect and modify the speed of contraction of skeletal
muscles, such as: refative disuse of the hemiplegic quadriceps secon_dary
to lack or reduction of voluntary contraction; changes in pattern of activity
impinging on the motor neuron pool, hyperactivity and predominance of
phasic motorneurons.




ELECTROMYOGRAPHIC STUDY OF WALKING PATTERNS
BEFORE AND AFTER TOTAL HIP REPLACEMENT /

i
/

K. Numasaki, T. Takahashi, K. Honda, K. Kokubun and M. Hasue; Fukushima Mqﬂical College
Fukushima, Japan ! I

Various types of total hip replacement operations have been“‘éatisfactori!y
performed for severe hip disorders, and many kinds of objective methods
have been elaborated for evaluating the results. However, no electromyo-
graphical studis have been found in the literature.

The purpose of this study is to analyse walking patterns before and after
the operation using the electromyographic method.

MATERIALS

Thirty cases operated on during the period from 1971 to 1974 were selected
for the study. Twelve of the cases were operated bilaterally. The period
of follow-up ranged from one year and four months to four years and eleven
months, the average being two years and nine months.

All the cases were divided into four groups: the first consisting of seven
cases with bilateral rheumatoid hips; the second, four unilateral cases; the

third, five cases with bilateral osteoarthritic hips; and the fourth, fourteen
unilateral cases.

METHODS

Each patient was instructed to walk at his natural speed on a level floor.
The electrical activities of six muscies (rectus femoris, hip adductors, inner
hamstrings, gluteus medius and maximus, and sacrospinalis) were relayed
from surface electrodes into the amplifier. The signal was recorded on an
eight-channel oscillegraph.

Foot switches were placed on the plantar surface of the first metatarsai
and the heel, and duration of the stance and swing phases was recorded
on the same oscillograph. Furthermore, walking patterns were observed
with a stroboscopic camera from anterior, posterior, left, and right sides.

RESULTS AND CONCLUSIONS

1. First group (bilateral rheumatoid hips)
Six of the seven cases could not walk at all before the operation. Although

the degree of pain was markedly relieved, the range of the hip motion was
hardly improved. Consequently, walking ability was least improved in this
group.

The mean walking cycle duration after the operation was 1.47 second (1.07
second in normal controls), suggesting slow walking: The mean percentage
of the stance phase was 67.8 on the right and 79.2 on the left sides (60 in
normal- controls), suggesting increased duration of the double support
period.

The hip muscles showed almost normal phasic activities after the opera-
tion, but the amount of activities was still greatly reduced compared to
that of normal controls. However, activities of the muscles working in
the stance phase (rectus femoris and both glutei) were revealed definitely.
On the other hand, the sacrospinalis was active even in the stance phase,
suggesting that the swing phase of the other side was not long enough.

2. Second group {unilateral rheumatoid hips)

Three of the four cases could not walk and the range of hip motion was
markedly limited before the operation. Walking ability was improved only
in one case with relatively good motion before the operation.

The mean walking cycle duration after the operation was 1.45 second,
and the mean percentage of the stance phase was 69 on the right and 70
on the left sides.

Muscle activities on the operated side decreased generally compared to
those on the non-operated side. The rectus femoris was active only in the
stance phase, suggesting a stamping gait. Activities of both glutei increased
after the operation but those of the sacrospinalis did not change. Further-
more; the appearance of activities of the inner hamstrings at the beginning
of the stance phase and of the rectus femoris at the latter part of the
swing phase suggested that the patient was walking more vigorously.
This fact was found especially in the cases with good motion before the
operation,

3. Third group (bilateral osteoarthritic hips)

Although the degree of disability was almost similar to that of rheumatoid
hips, walking ability was markedly improved by the opeartion in this group.
The mean walking cycle duration changed from 1.60 to 1.32 second. The
mean percentage of the stance phase changed from 67 to 60.5 on the
right and from 71.5 to 62.7 on the left sides, both of which were almost
normal.

Abnormal phasic and quantitative activities of the muscles were generally
found on both sides before the operation. The rectus femoris showed
activities in both phases, and the swing phase activities suggested its
stronger action in extending the knee. Both glutei and the adductors




showed a slight decrease of activities, but the sacrospinalis/ “showed
increased activities especially in the stance phase. These" abnoj'mal find-
ings were converted to almost normal ones by the operation. |

4. Fourth group (unilateral osteoarthritic hips) 44
This group was further divided into three subgroups; A) with nérmal oppo-
site hips, B) with painful and contracted opposite hips, and C) with
ankylosed opposite hips. r

Walking ability was generally improved by the operation, especially in
subgroup A.

The mean walking cycle duration in subgroup A changed from 1.52 to 1.20
second, and the mean stance phase percentage, from 58.2 to 60 on the
operated and from 62.5 to 61 on the normal sides. In subgroup B, the
former changed from 1.46 to 1.31 second, and the latter, from 62 to 60.1
on the operated and from 64 to 61.5 on the other sides. As only two cases
belonged to subgroup C, those values were not calculated in this group.
As far as muscle activities were concerned, both glutei and the adductors
in subgroup A showed marked decrease of activities on the operated and
a slight increase on the normal sides before the operation. The rectus
femoris did not participate in swinging the leg. In subgroup B, although it
was difficult to find a distinct pattern, electromyographical findings before
the operation were quite abnormal, depending upon the degrees of pain
and contracture. In subgroup C, muscle activities before the operation
were almost identical to those of the cases with bilateral osteocarthritic
hips. Muscle activities in the three subgroups were almost normal in
their phasic and quantitative aspects after the operation, suggesting that
walking patterns were definitely improved, especially in subgroup A.

PHYSIOLOGICAL AUTOPSY IN THE STUDY
OF ARTERIALLY DISEASED MUSCLE

M.J. Q'Donovan, A. Rowlerson and A. Taylor; Sherrmgton 8chool of Physiology, St. Thomas’s
Hospital, London, England

INTRODUCTION

Chronic ischaemia is known to produce changes in the histological appe-
arance of voluntary muscle. We have now heen able to study the conco-
mitant functional changes in amputated legs maintained by perfusion for
perfods of up to 10 hours. The observations were concerned first with
the gross biochemistry and mechanical properties of the muscles, and
secondly with the histochemical and mechanical properties of their indi-
vidual motor units.

METHODS

Legs amputated for reascns of arterial insufficiency were perfused with
human blood diluted with acid citrate dextrose usually via the popliteal
artery, as previously described by O'Donovan, Rowlerson and Taylor
(1976). The effects of perfusion per se were evaluated by comparing
biopsies taken during perfusion with those taken during surgery, just prior
to amputation. Levels of ATP, CrP, and lactate were estimated as described
by Edwards, Jones, Maunder and Batra (1975). Glucose and oxygen uptake,
and lactate production were determined from arterio-venous differences.
Fatigability of whole muscle was estimated by isometric recording of
force at the tendon with direct muscle stimulation at frequencies up to
100/sec. Single motor unit contractions were studied by the technigue of
controlled intramuscular microstimulation, and force at the tendon ave-
raged with muscle length at the optimum for whole muscle twitch [Ste-
phens and Taylor 1975}). A suitable unit once isolated was glycogen
depleted by repetetive stimulation {Edstrom and Kugelberg 1968), following
this sections were taken for histochemistry.

RESULTS

Pre-amputation hiopsies give evidence of severe hypoxia. Thus, in 5 cases
the mean levels of ATP and CrP were low (6.22 and 10.52 pmoles/g dry
weight respectively), though there was great variation between patients
and values were lowest peripherally. Laciate was less variable but consi-




stently high (52.8 pmoles/g dry weight). The relative efficacy of,/the periu-
sion was demonstrated by the improvement of these values fduring the
experiment, in a number of cases. /

Fig. 1a summarises the metabolic behaviour in one typical ‘experiment.
A surprising feature is that despite a reasonably normal rate of oxygen
consumption, lactate production — a sign of anaerobic metabolism - is
high. Whether this will prove to represent a real abnormality of chroni-
cally ischaemic muscle remains to be seen: however, it is clear that oxygen
and glucose uptake are responsive to insulin.

In contrast to the remarkably steady biochemical state achieved it is
evidence from fig. 1b that whole muscle isometric force of contraction
generally declines continuosly. The site of this fatigue is not known, but
in single unit stimulation experiments we have observed signs of failure
at a point before the contractile element. Notwithstanding some degree of
deterioration, the muscles are capable initially of producing considerable
force, ranging from 42 kg for medial gastrocnemius-soleus to 2.14 kg for
peronsus brevis.

in the unit contraction studies we have examined twitch times and
strengths, and these have been briefly reported (O’ Donovan, Rowlerson
and Taylor 1976). Mean twitch times with ranges were, in medial gastro-
enemius (122, 100-150 msec), in soleus (92, 64-100msec), in extensor
hallucis longus (77, 65-100 msec) and in peroneus longus {75, 38-100 msec).
These twitch contraction times are longer than those reported by Buchthat
and Schmalbruch (1970), who found mean times of 79 and 74 msec for
fibre bundles in gastrocnemius and soleus, though as these authors reco-
gnised, fast fibres may have been dominant in determining contraction
times in these bundles. It is to be noted that the present results relate to
elderly patients (mean-age 66.4 years) and a slowing of muscle contraction
time with increasing age has been demonstrated in human extensor digi-
torum brevis muscle by Campbell, McComas and Petito (1973).

In the sample of motor units studied here the fastest units had contraction
strengths within the same range as that of the slow units. This finding is
contrary to experience with both normal human and animal muscles, where
the fastest motor units are well known to have the largest contraction
strengths (Milner-Brown, Stein and Yemm 1973, Stephens and Usherwood
1975, Stephens and Stuart 1975, Burke 1967).

In the case of two units, we have correlated histochemical and mechanical
properties using the method of glycogen depletion. This involves repeated
tetani for up to 2 hours, and the intramuscular microstimulation technique
proved quite reliable for this purpose. A fast, small, highly fatigable unit
was found to consist of small diameter fibres, rich in myosin ATPase and
low in oxidative enzymes; and a slow, non-fatigable unit was found to be

low in myosin ATPase, and rich in oxidative enzymes. These correlations
are essentially similar to those found in animal work, where speed of
contraction has been shown to be related to ATPase activity (Barany 1967,
Burke, Levine, Tsairis and Zajac 1973) and fatigue resistance to oxidative
enzyme activity (Edstrom and Kugelberg 1968).

The absence of large fast twitch units in these muscles is reflected in
the histochemistry of their parent muscles. Fig. 1c shows an example of
a transverse section through medial gastrocnemius, stained for myosin.
ATPase (pH 9.4). It can be seen that the type Il fibres are abnormally
small. There is also evidence of re-innervation as shown by fibre-type
grouping (Dubowitz and Brooke 1973). The reduction in the diameter of the
type Il fibres is probably a form of disuse atrophy, since these fibres
presumably helong to high threshold fast twitch units, rarely recruited
in these patients whose movements are necessarily restricted.

An alternative explanation would be denervation of type [l units by dege-
nerative neuropathy, though neuropathies are not known to be selective in
this way (Dubowitz and Brooke 1973). Moreover, our results imply that
these units are still accessible to microstimulation.

We feel that our artificial perfusion system constitutes a true physiologi-
cal autopsy, and is capable of providing a detailed physiological interpre-
tation of pathological processes. There is no reason why this approach
should not be extended to other fields and so provide a valuable tool in
the understanding of disease. '
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ELECTROMYOGRAPHY OF BIPEDAL STANCE IN PRIMATES
f’

. ] /
M. Okada, H.lIshida, T, Kimura; Inuyama, Kyoto, Tokyo, Japan /

i

Higher primate species have inherent capacity for maintaining bipedal
standing posture. Meanwhile, they exhibit a wide variety of locomotor
behavior, e.g. arboreal quadrupedalism, brachiation, knuckle “walking etc.
Comparative assessment of biomechanical features in the bipedality among
contemporary primates might ‘be useful for understanding the biological
significance of human bipedality. This paper will describe EMG activities
in dominant postural muscles during static bipedal standing of the chim-
panzee, gibbon, baboon, macaque, and spider maonkey. Arrangement of
body segments and the line of gravity in the sagittal plane were recorded
similtaneously with the EMGs. Bipedality with the hip and knee joint flexed,
a common observation among the species tested, brought about tonic and
differed basically from those shown in the human half-rising. Interspecific
difference was found in EMG magnitude in the extensors at the hip and
the knee, which was interpreted in terms of biomechanical situation in
each species as indicating specific locomotor adaptation.

MYOELECTRIC BACK MUSCLE ACTIVITY RELATED TO SPINAL
POSTURE AND LOADING

R. Ortengren and G. Andersson; the Departmeﬁts of Orthopaedic Surgery | and Clinical
Neurophysiology, Sahlgren Hospital, and the Department of Applied Electronics, Chal-
mers University of Technology, Géteborg, Sweden

INTRODUCTION

Heavy loading of the back as a source of low back pain has been of great
concern for many years, and considerable effort has been made to reduce
the load on the back during labour (Brown, 1972). Evaluation of such
measures reguires methods to quantify the load on the back that can be
used at a working place. To study the usefulnes of quantitative electro-
myography in that respect, myoelectric signals of back muscles have been
recorded when the back was loaded in a series of static spinal postures
(Andersson, Ortengren and Herberts, 1976).

METHODS AND MATERIAL

The myoelectric signhals were picked up by means of bipolar surface elec-
trodes. The electrodes were placed 3 cm lateral to the midline on both
sides of the trunk at T4, T8, L1, L3, and L5 levels. At the [evel of L5, two
additional electrodes were placed 6 cm lateral to the midline. The myo-
electric signals were amplified and recorded on magnetic tape, and were
subsequently analyzed for power content using linear-law detectors. Full-
wave rectified and averaged values of the myoelectric signals were esti-
mated for each recording period and expressed in microvolts (Andersson
and Ortengren, 1974).

Fifteen healthy subjects, picked at random among siudents, participated
in the investigations. Their ages ranged from 19 to 35 years with a mean
age of 27 years. Mean weight was 72 kg (64 to 80 kg), and mean length
was 182 cm (171 to 189 cm}. '

The subjects were placed in a reference frame in which the position of
the trunk and the pelvis could be accurately controlled. Recordings were
made in the following static postures: (1} forward flexion to 10, 20, 30, 40,
and 50 degrees with a load of 100 N in each hand; (2) forward flexion to 30
degrees with a total foad of 0, 100, 200, and 300 N; (3) upright standing and
lateral flexion to 20 degrees — to the left and to the right — with a load of
100 N in one hand; (4) rotation of the trunk to 45 degrees, flexion, and




lifting of a load of 100 N one ¢m from a 30 cm high table. The/fload was
placed at an angle of 45 degrees and 40 and 50 c¢m from the subject.
The analysis of the data consisted of calculations of mean valueé, standard

errgrs of the mean, 95 per cent confidence intervals, and regression ana-
lysis {Snedecor and Cochran, 1967; Acton, 1959). '

RESULTS

The myoelectiic activity increased at all levels of the back when the angle
of forward flexion increased. Regression analysis combined with analysis
of variance showed that a linear relationship between the myoelectric
signal amplitude and sine of the angle of flexion was statistically signi-
ficant at all levels of the back. A linear relationship between the myo-
electric signal amplitude and the angle of flexion itself was also statisti-
cally significant at all levels of the back. An exemple of the regression
calculations is shown in Figure 1. The same type of analysis showed a
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Fig. 1 - Mean values over subjects of myoelectric signal amplitude at L3 level plotted

versus sine of the angle of flexion. The equation of the regression line is

\{m = 145 4 69.0 sin o (uV). The dashed lines indicate 95 per cent confidence
limits of the regression line.

linear relationship between the myoelectric signal amplitude and the load
which was statistically significant for all levels of the back. The regression
coofficients for the angle relationship as well as the load relationship
were larger in the thoracic region than in the lumbar region. Also the
variance of the regression coefficients and the variance around the re-
gression line were larger in the thoracic region for both relationships.
Asymmetrical loading of the back always resulted in asymmetric activity
patterns. When the recording sites were compared bilaterally, higher acti-
vity was found on the side ipsilateral to the load in the thoracic region
and on the contralateral side in the lumbar region. The asymmetry was
small in upright standing but large when loading was combined with lateral
flexion. The largest asymmetry was observed in combination with rotation.

DISCUSSION

From a simple mechanical model of the gross behaviour of the trunk during
forward flexion, the myoelectric signal amplitude of the posterior muscles
of the back can be expected to vary rather as sine of the angle of forward
flexion than as the angle itself.

From the same model, a linear relationship between myoelectric signal
amplitude and load variations can be expected when the angle of flexion is
unchanged. The interindividual variations in the data are considerable, but
the mean values over subjects are close to the corresponding regression
lines; analysis of variance shown that the total variation is almost entirely
explained by the interindividual variation and the regression. Regression
analysis show that the relation between the myoelectric signal amplitude
and the angle of forward flexion can with equal probability be linear as
according to a sine function. An explanation to this is that the sine func-
tion deviates only a few per cent from the best finear fit over the interval
10 to 50 degrees while the residual variation of the data around the
regression curve is much larger. An extension of the range of angles
beyond 50 degrees would cause difficulties in resolving the functional
relationship as the myoelectric activity is known to cease when the trunk
is fufly flexed (Andersson and Ortengren, 1974). 7

The data show functional differences between the muscles of the thoracic
and the lumbar regions. In the lumbar region the myoelectric response of
the muscles follows the load variations closely. In the thoracic region the
myoelectric response of the muscles follows the load variations with a
larger variability, indication that they are also influenced by other factors.
One such factor can be that parts of the trapezius muscles respond to
arm and shoulder movements.




CONCLUSIONS

Quantitative electromyografy correlates well to posture and Ioéd in labo-
ratory investigations. Further studies during work are needed to test the
method under realistic conditions. Such studies are at present performed
at the Volvo assembly line. :

This investigations was supported by grants from AB Volvo and the Swe-
dish Work Environment Fund.
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ELECTROCORTICOGRAPHIC STUDIES OF THE INPUT SYSTEMS
IN THE MOTORSENSORY CORTEX IN MAN

D. Papakostopoules, R. Cooper and H.-J. Crow; Burden Neurological Institute, Bristol, England

Electrical stimulation of the precentral cortex in unanaesthetised man has
heen shown to evoke sensations at the periphery (Penfield and Boldrey
1937). Later experiments showed that the development of such sensations
was indipendent of the integrity of the post-central coriex (Penfield and
Jasper 1954), Thus the case for a motorsensory cortex (Ms1) was made
{(Woolsey 1958).

In 1970 Goldring et al., and in 1972 Goldring and Ratcheson, using evoked
potential techniques and single unit recordings, showed that local poten-
tials developed in the human precentral cortex following peripheral nerve
stimulation. The role of the postcentral cortex in the development of such
potentials was not clear from these recordings. However, the work of
Broughton (1969), later verified by Allison and Goff (1974) and Papakosto-
poulos and Crow (1974) showed that the first deflection was of opposite
polarity in pre- and post-central areas. Both Broughton and Goff and Allison
interpret this as an electrical expression of a dipole generator buried in
the central sulcus.

In the present study the nature of the pre- and posi-central potentials has
been investigated in order to clarify their dependence or independence.
The methods include tests additional to electrical stimulation of the peri-
pheral nerves and some of them depend on the active participation of
the subject.

The recordings have been obtained from 10 alert co-operative neurolo-
gically normal subjects with chronically implanted cortical gold electrodes
for therapeutic purposes (Crow 1973, Crow et al. 1961). Data collection and
analysis was carried out with a multichannel recording system and a
PDP-12 computer. Simultaneous recordings of 16 electrodes using aplifiers
having a time constant of 6 sec and upper frequency cut at 2000 Hz were
obtained (Papakostopoulos et al. 1974}.

Electrical stimulation of the medial nerve at the wrist, contralateral to
the electrodes, evoked potentials at hoth pre- and post-central cortex. The
post-central responses started with a negative and the pre-central with a
positive deflection. The latency of these deflections was consistently
different for the two areas, the post-central deflection being earlier by
about 1.5 msec (Fig. 1}.

Similar differences in waveform configuration and [atencies were ohserved
in potentials elicited in the two areas with passive or externally paced



50 msec

Fig. 1 - Superimposed, averaged evoked potentials from precentral (PREC) and postcentral
(POSTC) right cortical areas. Electrical stimulus [open arrow) at the left madial
nerve at the wrist. Note the different polarity and latency for the first component.
Cortical electrodes all figures referred to average at 60 electrodes in frontal lobe.

displacement of the contralateral index finger (fig. 2). In view of the time
differences it is difficult to see how such potentials could be explained by
the hypothesis of a common generator in the pre- and post-central areas.
However, the data could be explained by accepting that there are different
afferent pathways for the two areas, as suggested by the original stimu-
lation of the pre-central area. The recent data of Murphy et al. (1975), in
animals, supports this hypothesis by showing that the input from the VPL
to the pre-central cortex is independent of the classically accepted VPL
pathway for the post-central cortex.

The independence of pre- and post-central electrical activity has been
shown by two additional tests demanding the active co-operation of the
subject. In the first the electrical activities of the two areas associated
with self paced index finger displacement were compared with those
following passive or externally paced displacement. In the second test
electrical stimuli were applied at the medial nerve with the index finger
at rest and during movement. On both occasions the post-central re-
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Fig. 2 - Superimposed, averaged evoked potentlals from prefrontal, preceniral and post-
central right cortical areas to the left index finger externally paced displacement
(DISPL). Nate the consistency in waveferm for the same area and the differences
in different areas.

sponses were abolished or severely diminished while the pre-central
response retained the amplitude for the majority of its components.

Figs. 3a and 3b show the pre- and post-central somatosensory responses,
simultaneously recorded, with the electrical stimulus applied at various
times after the beginning of the index finger movement. The upper traces
show the potentials of each area with the finger at rest. The second traces
show the potentials elicited by the stimulus when applied 50 msec after
the initiation of the movement. It can be seen that the post-central
response has largely diminished while the pre-central response has retai-
ned the amplitude for the majority of its components. At 400 msec after




Superimposed averaged potentials from poest central (Fig. 3a) and pre central {Fig.
3b} cortical areas evoked by stimulation (arrowed) of the left medial nerve with
the index finger at rest (upper traces) and at 50, 400 and 700 msecs (fower traces)
after the initiation of a self paced finger movement.

the initiation of the movement the pre-central response has almost fully
recovered while the postcentral response is still as 40 msec after
movement.

Thus, because of the different waveforms, latencies and reaction to beha-
vioral acts in the two areas, we conclude that the primary sensory input
to pre-central cortex is independent from that to the post-central cortex
and we suggest that these inputs are differentially gated by the contico-
fugal systems responsible for the initiation and execution of motor action.
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THE HUMAN ANAL REFLEX /

!
!
!

E. Pedersen, H.Harving and J. Mai; Department of Neurology, Aarhus Komnﬁhnehospital,
Aarhus, Denmark J

fn addition to its general physiological interest, the anal reflex is of
clinical value, especially in tests for lesions of the conus and cauda since
it is the lowest, or at least one of the lowest, segmental spinal reflex, and
it is generally assessed in neuro-urological examinations. Furthermore,
the anal sphincter is the most easily accessible of the striated muscles
of the pelvis floor, for example, for electromyographic recording, and with
some limitation it can also reflect the activity of other parts of the pelvic
floor.

Nevertheless, since Rossolimo in 1891 gave his brilliant description of
the reflex only a few experimental investigations have been published.
The need for more systematic knowledge of the anal reflex forced us to
extend our routine examination, consisting of reflex elecitation by pinpricks
in the perianal skin and recording of the contraction by electromyography
from the external anal sphincter. In quantitative investigations of the
reflex, including latency, electrical stimulation was necessary, but owing to
the short distance between the stimulus electrode and the recording
electrode the amplifier was saturated for several hundred milliseconds,

during which time the recording of potentials therefore became difficult.

This problem was, however, solved by incorporating a relay in the am-
plifier. This relay is activated just before the stimulation and can cut off
the amplifier for a period of from 2-40 msec as desired. A cutting-off period
of 20 msec is normally used, which renders the methods highly sati-
sfactory.

The anal reflex can be elicited by a single stimulus or by a train of stimuii
of a duration of up to 50 msec without changing the response qualitatively.
We now routinely use a train of stimuli of a total duration of 9 msec
consisting of square-wave pulses of a duration of 1 msec, separated by
1 msec. The electrical stimulation is applied by a Disa Ministim through
a Grass constant-current unit, and the EMG is obtained by an intramuscular
bipolar electrode (Disa, type 13K57) introduced from the perineum just
lateral to the anocutaneous junction into the external part of the anal
sphincter.

The latent period decreases with increasing stimulus intensity from about
400 msec to a minimum of 50-70 msec, which is found in most cases.
On unilateral stimulation, EMG responses can be picked up from both
sides of the anal sphincter, but with a preponderance on the stimulated

side. On elecitation of the anal reflex by perianal stimulation, a simulta-
neous reaction is observed in the external urethral sphincter. The electro-
myographic response of the reftex is comples (flexor-reflex-like’) and is
increased with increasing stimulation. =

The relationship between the flexor reflex of the leg and the anal reflex
has previously been demonstrated in our laboratory, and our continued
studies have shown that reflex activity of the anal sphincter can be elicited
by stimuli ordinarily used for the flexor reflex, such as mechanical or
electrical stimulation of the planta or by electrical stimulation of the
posterior tibial nerve behind the medial malleolus. Both healthy indivi-
duals and patients have been studied, and the anal sphincter reflex could
be elicited in all of them. On electrical stimulation distally on the leg, the
anal response was found to have the lowest threshold — a finding which
may be of interest in relation to the observation which Riddoch made as
early as 1918, namely that the anal reflexes were the first to return after
spinal shock — ‘if ever disappeared’. This observation was later confirmed
by others, and we have also been able to confirm it.

By increasing the intensity of the stimulation, reflex responses can also
be picked up from the muscles of the leg participating in the flexor reflex,
in our investigation usually represented by the tibialls anterior muscle
and the biceps femoris. It is frequently seen that — at a certain stimulus
intensity above the threshold — an early component may appear both in
flexor muscles and in the anal sphincter,

At low stimulation, the latency of the anal reflex elicited distally on the
leg ranges from 300 to 400 msec, but at increasing stimulation the latent
period is usually reduced to 60-90 msec, which is approximately the same
as the minimum latency of the flexor reflex from the tibialis anterior
muscle. At this stimulation intensity, the rhythmic activity which is known
from the flexor reflex is also seen in the response of the anal sphincter.
The possibility of eliciting the reflex reaction in the anal sphincter in two
different ways, namely by stimulation in the perianal region and distally on
the leg, gives an opportunity to perform a closer analysis of defect in the
anal reflexes, since the two types or reflexes have the efferent, but not
the -afferent pathway in common.




AN ELECTROMYOGRAPHIC ANALYSIS OF MUSCULAR/
ACTIVITY CORRELATED WITH THE BIOMECHANICAL ASPECTS
OF HUMAN LOCOMOTION

[

A. Pedotti; Centro per lo Studio della Teoria dei Sistemi del CNR, [stituto dl Elettronica,
Politecnico di Milano, Milano, Italy

A significant improvement in therapeutic and diagnostic procedures for
many physically disabled subjects has resulted in a better knowledge of
the locomotor system and its functioning. As system theory suggests, the
first step of fundamental importance for a rigorous analysis of a system
consists in the determination and in the study of the correlations of all the
significant variables available.

In this respect the kinematics and EMG activity have been largely investi-
gated by Basmajian and MacConaill (1969) and at the University of Cali-
fornia (1953). Though some work has concerned the analysis of forces
acting during deambulation, despite its evident relevance, a complete
description of the dynamics of movement including inertial forces and
torques on joints have been carried out in only a few cases (Bresler and
Berry, 1951; Paul, 1972).

The present work has evaluated the EMG activity of most of the muscles
involved in human locomotion correlated with the mechanical moments
required at joints. As this analysis was performed subject by subject
during the same test in the same experimental conditions, the correlations
between these two sources of variables assume particular significance.
The electromyograms of the muscles were recorded by using surface
electrodes; the experimental and analytical procedure is described in :
complete form by Cappozzo et al. (1975, 1976).
A mathematical model of the lower limbs has been determined. As illu-
strated in the simple scheme of Fig.1, the inputs of this model are the
variables easy to measure by conventional instrumentation (kinematics,
ground reactions), and the outputs are a set of variables which could not
be measured. They are the muscular torques on joints and the lengths of
various muscles computed as functions of time during a complete double
step.

KINEMATICS MUSCUL AR
MEASURABLE MATHEMATICAL |[ TORRUES  |yoy_measuasaLt
VARIABLES ‘MODEL YARIABLES
GROUND MUSCULAR
REACTIONS KINEMATICS

- Scheme of the mathematical procedure used.

128

Although the same considerations can be drawn from all ithe seven subjects
examined, the data of only one subject have bheen presented. He is a male
normally walking at a speed of 104 steps per minute. The data have been
divided joint by jeint and the EMG retords are directly reported without
any filtering or further elaboration. In Fig.2 the patterns of the angular
displacement, torque and the EMG activity of muscles acting on the hip
joint in the plane of progression have been illustrated.
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Fig. 2 - From the top downward: angular displacement, mechanical moment, EMG records
of muscles acting on the hip joint. The continuous line below the EMG traces
means a muscle shortening; the interrupted line an almost isometric condition.

The moment present a clear extensor phase beginning at the last part
of the swing phase. It is a result of the activity of glutei, semitendinosus,
semimembranaosus, biceps femoris caput lungum muscies, The latter three
exert at the same time the flexor action required at the knee joint as shown
in Fig. 3, where the same data are reported referring to the knee joint. In
turn the last part of this fiexor torque required at the knee joint, when the
activity of the hamstings disappears, is exerted by the gastrocnemius
muscular activity. This simultaneously and together with the soleus muscle
provides the large torgue on the ankle joint at the middle part of the stance
phase (see Fig. 4).

The flexor torque required on the hip joint at the end of the stance phase
is realized by the iliacus muscular activity. In this pattern the EMG record
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Fig. 3 - The same concerning the knee joint.

from iliacus is lacking because we found it difficult to obtain without
causing pain or limiting the freedem of movement of the subject. The

records obtained at the University of California (1953) strictly agree,

however, with our findings because they show its activity to be right at

;stdnce phiase. T T Ssbing phése

Fig. 4 - The same concerning the ankle joint.

|

the end of the stance phase, when the hip torque in every subject is flexor
and no other muscle can support it. :

Around the toe-off a slight activity of the rectus femoris muscle was
evident also. It contributed to the flexor moment at the hip joint and, at
the same time, it supported the little extensor torque required in that
phase on the knee joint. The tibialis anterior muscle has presented a burst
of activity during the heel-strike providing the torque required during the
yielding phase at the ankle joint. Moreover it provides a slight torque in
order to sustain the foot during the swing phase. The vasti muscle group
showed a little activity around the heel-strike when an extensor torque,
particularly slight in this subject, was required on the knee joint.

The importance of considering the dynamic aspects of movement becomes
clearly evident in the correlative analisis of these data. In fact, and despite
the similar kinematics, the muscular torque time courses of the other
subjects have presented significant differences causing a different tempo-
ral sequence of muscle activation. Moreover, the rigorous analysis of the
synchronization of muscle activation actually exerted by neural control, in
relation to other dynamic and kinematic variables, provides interesiing
suggestions.

At the natural walking speed, the biarticular muscles were activated only
when their action was required by both joints which they were acting on.
A simultaneous action of antagonists was never present, apart from some
slight activity during the heel-strike when the problem of placing the foot
properly assumed particular importance. This suggests, according to Ba-
smajian’s observations (1969), that the control system realizes the move-
ment in an optimal way, that is, besides maintaining stable equilibrium
and synchronizing various hody segments, it minimizes the energy expen-
diture related to the global muscle activation.

From these results and considerations it clearly appears that the muscular
activity during locomotion cannot be reduced to an alternate activation of
flexors and extensors at various joints during the different phases of the
stride. In contrast, in every instant of time the motoneuron commands
acting on muscles must be rigorously modulated in relation to the state of
muscles themselves, to the complex interaction between them and to
movement dynamics.
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CALCIUM DEPENDENT MYOTONIA: A NEW
MATHEMATICAL MODEL

H. Radu, A. Da Ronch and V. Caldesi-Valeri; Centro di Studio per la Biologia e Fisiopatologia
Muscolare e laboratorio per le Ricerche di Dinamica dei Sistemi e di Elettronica
Biomedica de! C.N.R. e Istituto di Fisiologia Umana dell'Universitd, Padova, ltalia

The reduced Cg across muscle membrane was claimed to be responsible
for human (Bryant and Morales-Aguilera, 1971), goat (Lipicky and Bryant,
1966) and experimental induced by carboxilic acids (Riidel and Senges,
1972) myotonia. Starting from this hypothesis and using the Adrian's
maodel of sarcolemma, Bretag (1973) developed a mathematical algorithm
able to simulate myotenic bicelestric activity.

Certain recent data however support the postulate of Ca-transport and
pCa homeostasis disturbance as possible factors inducing myotonia (Radu,
Radu and Blicher, 1970; Gillis and Maes, 1973). In fact, even in the
Bryant's model, the myotonic behaviour of the membrane could be con-
trolled by increasing Cag, .

A mathematical model was developed in order to test the hypothetic role
in myotonia of the modified Ca transport parameters across sarcolemma.
The program was based on the quantitative description of the membrane
(Hodgkin and Huxley, 1952), more recently revised by Adrian and Peachey
(1973). The operational procedure consist in resolving by normal numerical
method on a 1800 IBM Computer, the equational system developed from
the equation

Ikt It leat i+ omt1s=0 (1)

in which was innovated the introduction of lc.. The parameters Ik, Iy, and
Is, were the same as in the original work.
The variable parameters tested were:

1. Gue and G, assuming that they follow the same laws and considering
Gea—16 mS. cm~? for a Cag,/Cag=10* coresponding Ec.= -+ 103 mV (normal
conditions).

2. The slope of the stright line assumed to pass through the point
pCa=7 and defined in terms of time constant . of the exponential time
evolution of Cau supposing lca=constant,

3. Gu was carefully computed in the rangeé of 0,126-0,278 mS. cm™?, in
order to maintain V. at the physiological level for each set of other para-
meters.



In order to investigate the electrochemical coupling, the model monitored
the pCa dynamics and some other quantitative parameters involved in Ge,
dynamics. For each case an initial depolarisation pulse was’simulated
causing a step of 20 mV in membrane potential. !

The conditions requested to induce the myotonia, as revea!:ed by this
maodel, apper to be: :

1. Prolonged <. of pCa over a critical time at depolarisatidn threshold
with the possibility that such process become regenerative and subsidiary.

2. The additional effects of other time-dependent factors like the delayed
rectification of sarcolemma.

The inactivation of repetitive activity seems to depend of the pCa decre-
ment and Ge. inactivation itself. The exchange againts an internal cation
through an electrically neutral complex of sarcolemma or the existence of
other large currents canceled Ca current, have been suggested (Reuter,
1975) as posible explanations for the failure of the voltage clamp experi-
ments to detect a Ca inward current, despite the considerable Ca influx
across sarcolemma during depolarisation. The present modsl predicts such
possibility, and clearly demonstrates that not only the normal, but even the
V. stabilizing G. is compatible with myotonia. Thereby there are no
reasons to infer, as was claimed, G. as the single factor inducing myo-
tonia; it would be much more realistic to consider as such all potential
factors interfering in certain wayes the ion transport across sarcolemma.

my
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Flg. t - Upper trace: normal action potential
Parameters: Te/Tn.=128; Gx.=120 mS.cm-?%;
G.=0,278 mS.cm—*; t,=4 msec.
Lower trace: myotonic burst
Parameters: as above excepting Gr.=64 ms.cim—2,
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MEASUREMENTS AND MODELING ON THE NATURE /

OF PHYSIOLOGICAL TREMOR IN ISOMETRIC CONTB:MCTIONS

G. Rau; Research Institute for Human Engineering, Meckenheim, W. Germany

The origin of physiological tremor is still a subject of controversy. Various
authors reported differing result and gave different explanations for the
involuntary rhythmic movements they observed. Four main hypotheses are
in discussion, Together with some of their proponents, they can be charac-
terized as follows: 1, Mechanical resonance oscillations (Hamoen, 1962:
Foz and Randall, 1970). 2. Reflex loop instability (Lippold, 1970). 3. Oscilla-
tions as a consequence of a nervous sampled data control loop {Linn, 1975).
4. Increased synchronization in motor unit firing (Dietz et al., 1976). Unfor-
tunately, some authors regarded one or the other hypothesis to be the
«correct one» more or less exclusively. However, considering the different
results it must be assumed that even in nonpathological situations various
«oscillation modes» can exist which contribute to «physiological tremors.
Dependent on the experimental situation as e.d. positioning of the limb
under investigation, the kind and magnitude of ioad (Joyce and Rack, 1974),
and the magnitude of the exerted force. Any or all of the oscillation modes
may prevail or become modified according to the situation, but they can
exist simultaneously, anyway. Which hypothesis or hypotheses are correct
may depend on the specific experimental conditicns.

tt turned out e.g. that especially in isometric contraction a type of tremor
can be observed which was reproducible with respect to the main fre-
quency components while the amplitude values were instationary. This
type was previously referred to as force tremor in contrast to the mecha-
nical resonance osciflations (Rau, 1974). It was suggested that the reflex
loop hypothesis seem to provide a satistying explanation in isometric
contractions.

To test this suggestion further, tremor measurements were made by means
of spectral analysis. In this further study, the right arm of the sitting subject
was supported at the elbow and anchored just proximum to the wrist. The
hand was enclosed around the metacarpal joints by a metal cuff which was
connected to a force transducer. The torque at the wrist and its changes
in time as well as the surface EMG signal obtained from the M. ext. carpi
rad. longus involved were recorded. The subject was instructed to exert a
constant torque by controlling the torque displayed on an oscilloscope
screen,

Figure t shows the power spectrum density (PSD) of the torque and the
PSD of the EMG signal in the range between 5 and 17 Hz for two subjects
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Fig. 1 - Power spectrum densities (PSD) of the torque (prefiltered: 2.5 Hz<f <100 Hz) and
of corresponding EMG activities at the M. ext. carpi rad. longus (prefiltered:
3 Hz<f<100 Hz} during a constant isometric extension torque at the wrist (a
and ¢: subj. Ra; b and d: subj. Ho).

towards the end of a 20 second coniraction while 75% of maximum torque
was sustained. A very clear tremor peak in the torque specirum was
found at 12 Hz for subj. Ra (figure 1 a, ¢) and at 12.8 Hz for subj. Ho (figure
1b,d). At the same frequencies the main peak also occured in the EMG
spectra. In addition, the EMG spectra sometimes showed a second peak at
about 25-26 Hz which is approximately the first harmonic of the main peak.
The second peak was barely to be seen in the torque spectrum; this
could be due to the fact that the mechanical force development of the
muscle fibres might be to slow to follow this high freqguency of activation.
The high concidence of the peaks in the torque and EMG spectra at 12 Hz
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and 12.8 Hz, respectively are evident as to he seen in figure 1. ftffindicates
which part of the torque oscillations might be generated by the muscle
activities. This was confirmed by calculating the cross power“;spectra of
the torque and the EMG. !

The above observed tremor mode can be explained by a reflex loop hypo-
thesis and can be approximately described by a feed back model as
reported by Zipp (1975). The frequency characteristics of an even more
simplified model as shown in the inset of figure 2 demonstrates the effect

dead time: T=0ls
parameter: V

k'(s) /k(s)

0 10 20 30 40 50

frequency [Hz]

Fig. 2 - Transfer function of a feed back loop including a dead time as indicated by the
insat.

of a dead time in a feed back control loop which is also included in Zipp's
model. In this configuration the property of the dead time leads to a peak
at a frequency corresponding to the reciprocal value of the dead time of
the loop, and to additional peaks at harmonic frequencies as shown in
figure 2; a change in the sign of the feed back would cause a shift of the
peak frequencies of f= — 1/2 T.. The amplitude values appafently depend
on the loop gain. ‘

At least in isometric conditions, this feed back loop could correspond to
the reflex loop as mentioned. Salzer (1975) reported also for a non-iso-
metric situation in foream movements that the neuro-muscular reflex toop
has a tendency o go into resonance in the 9-12 Hz frequency range which
further supports the reflex loop hypothesis. In the reflex loop the higher
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order resonance frequencies as expected according to figure 2 might be
suppressed due to mechanical properties of the system as indicated by
the more elaborate model given by Zipp (1975).

The reflex loop hypothesis is further §upported by the results of prelimi-
nary measurements in finger and upper arm muscles. During isometric
contractions the EMG spectrum of the first interosseus dorsalis showed
the peak at about 89 Hz which is also reported by Dietz et al (1978); it
corresponds to the 12 Hz-peak of the hand extensor muscle. Similarly the
specirum of the triceps muscle showed a peak at about 14 Hz. The peak
differences of the different muscles may be explained by the different
nerve conduction delays. The existence of this tremor mode as described
does not necessarily exclude other types of tremor, because e.g. the pure
mechanical resonance oscillations of the hand (Fox and Randall, 1970) could
be only suppressed and/or modified under these isometric conditions. —
Some consequencas of the results for the fields of medicine and ergono-
mics are discussed.
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HUMAN INTRAFUSAL MUSCLE FIBERS f"
(A HISTOCHEMICAL STUDY) /

V. 8ahgal and S.Sahgal; Northwestern Unlversity Madical Schaol, Chicago./ lllinois, USA
and VA West Side Hospital/University of Illinois, Chicago, I[llinois, USA

The mechanical properties of the intrafusal fibers have been largely infer-
red from their structure and innervation (Boyd, 1962) as well as the
frequency at which the primary and secondary afferents can be driven
(Bessou and Laporte, 1962; Matthews, 1964). This data has led to conflicting
interpretations such as nuclear bag fibers would structurally be fast type
{Boyd. 1962) while Crowe and Matthews (1964) feel that their data could be
explained if the bag fibers were of the slow type.

In order to further understand their function, in this communication we
present the histochemical characteristics of the human intrafusal fibers,

MATERIALS AND METHODS

More than 50 muscle spindles from the various human muscles (axial and
appendicular) formed the basis of our ohservations. Each spindle was
studied with more than ten serial sections. Adjacent sections could not
always be used due to technical difficulties. Sections were prepéred
according to the method previously described by Sahgal et al. (1973, 1975).
The following reactions were utilized in this study:

1) Myofibrillary adenosine triphosphatase activity was determined by the
method of Padykula and Herman (1955). The effect of pH was studied
by the following preincubations:

a) Veronal acetate buffer pH 3.8-5.5 for 5 minutes.

b) 0.1 m glycine for 10-15 minutes pH 8.0-10.2.

¢) p-hydroxy mercurobenzoate (2.5 mM) (PHMB] at pH 7.0 in tris buffer
for 30 minutes and post-incubation in cystein (2.5 mM) for 30 minutes.

2} Oxidative enzymes:

a) Nicotinamide adenine dinucleotide dehydrogenase {(NADH), Novikoff
et al. (1970).

b) Lactic dehydrogenase (LDH), Hess et al. (1958).
¢) Succinic dehydrogenase (SDH), Pearse (1957).

3) PAS,
4) Phosphorylase A and B.

RESULTS

Myofibrillary ATPase Reaction:
With this reaction darkreacting nuclear chain and light-reacting nuclear
bag fibers were identified.

Preincubation in glycine at pH 8 consistently showed dark and light-
reacting nuclear bag fibers, Fig. 1B. At pH 10.2 the nuclear bag fibers
showed a dark reaction. When only one bag fiber was present per spindle,
it showed reaction only at pH 10.2, Fig. 1A.

The nuclear chain fibers showed a uniformly dark reaction at pH 10.2 and
intensity decreased at pH 8, Fig. 1A, B.

Preincubation in veronal acetate buffer at 3.8-4.2 abolished the enzyme
activity in both nuclear bag and chain fibers, Fig. 1E. At pH 4.4 the nuclear
hag fiber showed intermediate reaction. At pH 5.5 only the nuclear bag
fiber showed activity, Fig. 1D. The nuclear chain fibers showed no activity
after these pH treatments, Fig.1C,D, E.

Preincubation in p-hydroxy mercurobenzoate inhibited the enzyme activity
in the nuclear chain and bag fibers. Post-incubation in cystein restored the
activity in the nuclear bag fibers while the chain fibers showed very faint
reaction, Fig. 1F.

Oxidative enzymes: The nuclear bag and chain fibers demonstrated uni-
formly high oxidative enzyme activity, Fig. 1G.

Phosphorylase reaction: Demonstrated high activity in the nuclear chain
and intermediate reaction in the®nuclear bag fibers.

PAS Stain: Showed dark-reacting nuclear chain and light-reacting nuclear
bag fibers.

DISCUSSION

The normal human spindle consists of the nuclear bag and chain fibers.
The nuclear bag fibers show acid and alkali stable and only alkali stable
adenosine triphospatase activity. This activity is inhibited by PHMB treat-
ment and restored by cystein post-treatment. This indicates the SH group
dependence of this reaction. The nuclear chain fibers show only acid
tabile and alkali stable ATPase reaction which is inhibited by PHMB
treatment and only partially restored by cystein preincubation indicating
the SH group dependence of this reaction. The adenosine triphosphatase
reaction in the intrafusal fibers was similar to that of the red and white ex-
trafusal fibers (Padykula and Herman, 1855; Guth and Samaha, 1969; Brooke



Fig. 1 - Histochemistry of the Intrafusal Fibers: Human Opponens Pollicis Muscle.
a) Myofibrillary adenosine triphosphatase rsaction at pH 10.2. Note the dark nuclear
bag (") and chain fibers. b) ATPase reaction at pi 8. Note the dark (*} and inter-
mediate nuclear bag fibers and light nuclear chain fibers. €) pH 7 as in b d) pH
5.5 Note the dark (*) and Intermediate nuciear bag and non-reacting nuclear chain
fibers. e) pH 4.2 - no reaction. f) Perchlor mercurobenzoate nre-incubation. Note

no reaction in the intrafusal fibers, g) NADH reaction. Note the darl-reacting
nuclear bag and chain fibers.
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and Kaiser, 1969). Recent work of Tsaris et al. (1271) in cat has shown that
acid stable ATPase is associated with slow fibers and alkali stable ATPase
with fast fibers. Inferentially, the nuclear bag fiber ATPase is like that of
the fast and slow fibers, while the nuclear chain ATPase is like the fast
fibers. The PAS and phosphorylase reaction in the extrafusal fibers show
increased activity in the fast fibers and light reaction in the slow fibers.
The PAS and phosphorylase reaction of the nuclear bag fibers, thus, is
similar to the slow and that of the chain fibers to the fast extrafusal fibers.
The nuclear bag and chain fibers show very high oxidative enzyme activity.
The high oxidative enzyme activity has been described in the red fibers.
Correlating the above data, we can conclude that the nuclear bag fibers
show the histochemical characteristics of the slow and fast speed muscle
fibers, and the nuclear chain fibers of the fasttwitch fibers. The recent
cinematographic observation of Boyd et al. (1974) showed that the nuclear
bag fibers contract alone for the dynamic and along with the chain fibers
for the static function of the spindle. This observation seems to be
corroborated by their histochemical properties.
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SIGNAL PROCESSING TECHNIQUE FOR ESTIMATING /
NORMALIZED GAIT PATTERNS /

!

R.Shiavi and W.Bass; Veterans Administration ' Hospital, Vanderbilt Uni,\;ersity Engi-

neering School, Nashville, Tennessee, U.8.A.

INTRODUGTION

Kinesiologic studies have provided valuable information about the muscle
synergies and kinematics of normal human locomotin. Recently there has
been an increase in the use of gait analysis for clinical testing of the
efficacy of operative procedures, physical therapy, and other treatment
programs.

One of the main difficulties with locomotion studies is analyzing the
large quantities of data measured and finding the significant relationships.
Most present analytic techniques rely on some type of signal averaging.
Eberhard and Inman (1954) and Milner et al. (1971) found average individual
and populations gait patterns by superposition and averaging. This method
results in Inaccurate estimates of the activation and relaxation times of
muscles because successive gait cycles have different durations. Also
each person walks with different average cycle durations. Rozin et al.
(1871) found the population gait patterns so different that they did not
attempt to calculate average patterns. Sherwood (1975) has proposed a
method that involves normalizing the data each stride hefore averaging.
These estimates are more accurate than those provided by the other
techniques.

The main purpose of the gait laboratory in the Veterans Hospital is to
use gait analysis clinically. The data analysis techniques mentioned have
been found unsuitable. A new technique has been devised which provides
accurate estimates of the normalized gait pattern, the standard deviation
of electromyographic and foot-fall pattern events, and the correlation
between these events.

METHOD

The method for providing this information involves a different analytic
approach. The measured electromyograms and foot-fall patterns are not
to be averaged in the same manner but only certain events in each
measurement are considered. The electromyographic events of import are
the times when muscles are activated and relaxed. The important foot-

contact events are the times when the heel, fifth and first metatarsal
heads, and toes of both feet strike and recede from the walking surface.
The reference point for a gait cycle is heel strike of the concerned lower
extremity.

The average gait pattern is calculated in several steps:

1. All the event times are measured with respect to the previous heel
strike.

2. The average relative time of occurrence for each event is calculated
(i.e. all gastrocnemius activation times are averaged).

3. These event times are normalized by dividing by the average stride
duration. i

4. The average normalized gait pattern is plotted.

A population average is then simply achieved by calculating the average
event times for all the subjects. Figure 1 shows an average posttreatment
pattern for five children.

Having the event times provides two computational advantiages. Firstly,
the standard deviation of specific events can be calculated and the varia-
bility of events can be evaluated. Secondly, the correlation coefficient
hetween events can be calculated. Thus the strength of the relatinship
between muscular events or between a muscular event and a foot event
can be evaluated. Some preliminary hand calculations demonstrated the
utility of these kinds of measures. Consider two examples.

Example 1. The peroneus longus muscle has a fairly variable range of
activity. However, in many individuals it is active very regularly. This
is shown by the small variance of its activation and relaxation times.
Also in these same individuals it is synergic with the gastrocnemius
muscle. This is demonstrated by a high correlation between the activation
and relaxation times of these muscles.

Example 2. The gastrocnemius muscle imparts forward momentum to the
body during the single leg support portion of stance phase. It is usually
thought to become quiescent at the time of toe off of the ipsilateral foot.
However, our calculations show that it is more dependent upon the heel
strike of the contralateral foot. This was demonstrated by a higher corre-
lation coefficient between contralateral heel strike and gastrocnemius

relaxation.




IMPLEMENTATION //

All the data collected during a gait measurement session are re.{)orded on
separate channels of an analog magnetic tape recorder. A 1000 Hz sinu-
soidal timing signal is recorded simultaneously to demark sections of data
that are to be analyzed. A PDP 8/F computer with an eight channel analog
to digital {A/D) converter, real time clock, and digital magnetic tape is
used to perform the analyses. The analyses are performed off-line and in
two stages. In the first stage the data are played from the tape recorder
into the computer. The A/D converter samples all data channels at instants
when the timing signal causes interrupts via the clock. The core program
then decides whether a muscle or foot event exists and measures the
absolute time of occurrence. The time of occurrence and the event are
stored in memory. After all the data for one run has been sampled the
reduced data is stored on digital magnetic tape under a proper file name.

parameters of patient gait patterns with those of normal gait .
patterns.
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Fig. 1 - Post-Treatment Gait Pattern. The lines In the first four traces represent the times
when the respective muscles are active. The bottom trace is the foot-fall pattern.
One unit corresponds to contact of heel; two units, fifth metatarsal head; four

units, first metatarsal head; one unit oscillation, toe. Any combination is a simple
sum.
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At a later time, the second stage of analysis is performed. A program
has been developed which reads the reduced data from the designated tape
file, calculates the relative event times, the averages, standard deviations,
and correlation coefficients. Al but “the relative event times are then
printed on the teletype and appended to the proper data file.

SIGNIFICANGE

This computerized data analysis scheme was implemented based upon
useful information obtained from hand calculations. The analysis results
from data on normal individuals will provide a list of significant data
parameters. Thus the deficiencies of abnormal patterns and the efficacy
of treatment programs can be judged by comparison of significant pare-
meters of patient gait patterns with those of normal gait patterns.

REFERENCES

EBERHARD H. and INMANYV. - The principal elements in human locomotion. In: Human
Limbs and Their Substitutes, P. Klopsteg and P. Wilson, editors. Hafner Publishing Co.,
New York, 1954,

MILNER M., BASMAJIAN J. and QUANBURY A. - Multifactorial analysis of walking by elec-
tromyography and computer. Am. J. Phys. Mad. 50: 235-258, 1971,

ROZIN B., ROBIN G., MAGORA R., SIMKIN A. and GONEN B, - Investigation of gait - 2. Gait
analysis of normal individuals. Electromyo. 12: 183-190, 1971.

SHERWOOD A. - Automated electromyographic analysis of gait. Twenty-eight Annual Con-
ference on Engineering in Medicine and Biology, Louisiana, USA, 1975.




FINE VOLUNTARY CONTROL OF THE DELTOID MUSCLEK/;WHILE
FINGER MOVEMENT IS RESISTED /

!

T. Simard; Université de Montréal, Montréal, Canada J
It would appear that in the functional evaluation and treatment .of patients
with neuromuscular lesions there is a need to refine the methodology in
terms of functional refationship between body segments. The present
investigation has considered this relationship in terms of the effect of
finger extension on neuromuscular activity within the deltoid muscle.
Lundervold (1951) has observed that shoulder muscles were activated in
relathionship to the different finger movements required for typewriting,
and Paillard (1960) has pointed out that delicate hand movements depend
on healthy function of the scapular girdle. Pauly (1978) has demonstrated
that the level of activity in the elbow flexors increases as finger move-
ment was resisted, while Paquette and Simard (1975) have observed that
shoulder activity varied according to elbow position and to resistance
applied to hand movement. It has been deemed necessary, based on this
fater study, to evaluate the effect of varying degrees of resistance applied
to a given body segment on the ability of subjects to voluntarily contro!
the neuromuscular activity of a different body segment. The segment where
resistance was applied was the more distal segment.

The effect of finger extension against resistance on the voluntarily con-
trolled neuromuscular activity from within the posterior portion of the
deftoid muscle was considered with female subjects. The detection of the
neuromuscular activity was done with a specially developed quadripolar
wire electrode. The electrode was made with four fine insulated wires
which were bared one mm at the end to be inserted into the muscle. The
wires were placed in a hypodermic needle in such a way that each end
was isolated from the next one by one mm. This electrode has allowed,
in turn, for the detection of four bipolar signals. Two of these electrodes
were inserted, one at one cm above and one at one cm below a central
point of the upper one-third of the posterior portion of the right deltoid
muscle. The four bipolar signals from each of the two electrodes were rec-
orded simultaneously with an electromyographic system, and the system
allowed for the feedback of the auditory and visual signs of the action
potentials. These sensory signs were used to facilitate voluntary control
over the action potentials. The utilization of electromyographic feedback
fn motor learning has been reviewed by Basmajian {1974).

Each subject was seated comfortably, hand his right upper extremity was
stabilized with an experimental splint which held the arm in slight abduc-
tion and flexion, the elbow in extension, the forearm in mid-supination, the

wrist in a slightly extended position, and the fingers were left free. The
training procedure for voluntary control of the neuromuscular activity has
included the isolation and maintenance of the activity of a single motor
unit (SMU) for two minutes while all other activity was suppressed. The
subject was then required to: 1) maintain the activity of the SMU during
free extension of the fingers, and 2) to inhibit the activity of the SMU
during free extension. A bar of an electrodynamometer was positioned
then at the level of the first phalanges of the four fingers. The maximal
force generated through finger extension was transduced to a linear f_re-
quency signal, and recorded on a digital voltmeter and simultaneously with
the electromyographic data on a linograph paper system. The subject was
required now to maintain the controlled aciivity of the SMU while the
fingers were extended against the bar with maximal force, and subse-
quently with 25 per cent of the maximal force, then 50 per cent and them
7% per cent.

The preliminary analyses of the results have shown that the isolation of
the activity of a SMU was achieved, and the ability to both activate and
inhibit the SMU was successful, in general, during free extension of the
fingers. The application of 25 and 50 per cent of maximal extension force
has increased activity in the deltoid. This increased motor unit activity
was overcome with practice, however, and control of the SMU was re-
established, and only some of the subjects were able to overcome the
influence of 75 per cent and maximal extension force. The use of the
quadripolar electrode has permitted a greater sampling of different motor
units within a given muscle when the isolation and control of a SMU is
required.

The results are in agreement with the previous studies cited, which have
shown that the shoulder muscles are susceptible to activation while the
hand is in a functional state. The ability of subjects to overcome the
influence of the application of 25 and 50 per cent of maximal finger exten-
sion force on activity in the deltoid muscle demonstrates a method to
evaluate motor function to its highest degree.
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CONTROLLED INTRAMUSCULAR MICROSTIMULATION./A NEW
METHOD FOR THE STUDY OF MOTOR UNIT MECHANiCAL
PROPERTIES IN MAN j

J.A. Stephens and A.Taylor; Sherrington School of Physiology, St. Thomass Hospital
Medical School, London, England

The understanding of the physiology of muscle has been geatly advanced in
recent years by studies in animals in which correlations have been found
between the histochemistry and morphology of motor units and their
contraction characteristics. The application of this In man has been impe-
ded by the lack of a suitable method for recording single motor unit con-
tractions. While the spike triggered averaging technigue ol Milner-Brown,
Stein and Yemm (1973a) has proved valuable in relating recruitment order
to motor unit twitch amplitude, contraction time and fatigability {Stephens
and Usherwood, 1975) it suffers from the disodvantage of not allowing the
study of Unit tetani or selective glycogen depletion. Moreover, study of
high threshold units is very difficult because of problems in isolation of
single motor unit spikes in strongly active muscle. The alternatively avai-
lable technique described by Sica and McComas (1971) in which carefully
graded stimulation is applied to the nerve trunk, is also unsuitable be-
cause the selection of units in any one muscle is inevitably restricted and
problems of stability of stimulation make study of tetani very difficult.
With these limitations in mind we have recently developed a technique we
call conirolled intramuscular microstimulation which suffers none of these
drawbacks and allows the mechanical properties of human motor units to
be characterised as fully as in animals (Stephens and Taylor, 1975). We
present it here in the expectation that it may form a valuable supplement
to clinical electromyography in normal and abnormal muscle.

The method depends on the excitation of motor axons within a muscle
where they are spatially separated (c.f. Stélberg, 1968; Stalberg and Trontelj,
1970). as found by Milner-Brown, Stein ad Yemm (1973b}, finely graded
stimulation of these axons can result in unitary EMG and force responses.
The present report establishes that this technique is suitable for general
use in the study of human motor unit contractions. Electrical responses
are monitored by a conventional monopolar EMG needle Inserted into the
body of the muscle. A bipolar concentric EMG needle is used for stimula-
tion and inserted into the muscle near the motor point 1 or 2 cms from
the recording elecirode. The position of the stimulating electrode and
stimulus strength (100 psec, 0-30v) are adyusted till an all or nothing EMG
response is detectable (Fig. 1 A). Provided reliable stimulation can be
achieved without stimulating another unit, the mechanical response to

repeated stimuli can be averaged to give twitch and tetanic responses
(Fig. 1 B and C). Recording of the mechanical responses depends of course
on the existence of a suitable anatomjcal situation. We have so far used
the method successfully for the first dorsal interosseous muscle in the
hand (Stephens and Taylor, 1975) and gastrocnemius (O'Donovan and Ste-
phens, 1976).

Two problems have to be faced in deciding the Valldlty of the method.
First it must be established that not more than one unit is being excited
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Fig. 1 - Electrical and mechanical recordings of single motor units in human first dorsal
interosseous muscle. A: All or nothing EMG response following graded intramus-
cular microstimulation. Note the added stimulation of a second unit at stimulus
strength 10V. B & G: The twitch and tetanic contractions of a single unit. 10pps
stimulus set just below threshold for the EMG of the same unit in D, B, C & D
averages of 128, 17 & 17 sweeps respectively. E: Unitary EMG response elicited
by intramuscular microstimulation. F: Electrical activity recorded during weak
voluntary muscle contraction. Same recording electrode position as in E. Note
the same unitary EMG potential In E & F.



and second that the stimulation results in full activation of the unit. It is
known that the muscle fibers of a unit are widely scattered Within,-’é muscle
(Brandstater and Lambert, 1969; Burke and Tsairis, 1973) which makes
it likely that some electrical activity would be seen of a second,unit firing
during carefully graded stimulation {c.f. Fig. 1 A). Furthemore, control re-
cords with stimulus reduced to just subthreshold for the unit: concerned
show no force development indicating that either nho other unit is being
excited or it has such a weak contraction strength that it does not contri-
bute significantly to the force recorded. Activation of the whole unit is
assured because on some occasion it is possible to record the recruit-
ment of the particular unit by voluntary contraction and show that the
EMG unit waveform is identical to that produced by stimulation (Fig. 1
E and F).

To date, risults have been obtained in normal muscles and in muscles
affected by prolonged ischaemia following chronic arterial disease (O'Do-
novan, Rowlerson and Taylor, 1976). In the latter case, evidence has been
obtained that the fast contracting units in these muscles have abnormally
low contraction strengths. Selective glycogen depletion of these units has
shown them to be composed of abnormally small Type Il fibres.

The widespread use of EMG in the clinical investigation of muscle dissases
has been dictated more by its convenience than an understanding of the
underlying processes involved in its interpretation. The technique of mic-
rostimulation, on the other hand, offers a direct means of examining the
proper functioning of normal and abnormal muscle in terms of the mecha-
nical properties of motor units. As such it may be particularly useful in
detecting the consequences of abnormal muscle morphology, histoche-
mistry and tissue chemistry in terms of altered motor unit force develop-
ment, and in so doing, reveal changes in muscle function previously unde-
tectable by routine EMG evaluation [Tobin and Porro, 1973).
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THE RECRUITMENT ORDER AND FATIGABILITY OF HUMAN
MOTOR UNITS

LA, Stephens and T.P. Usherwood; Sherrington School of Physiology, St. Thomas’'s Hos-
pital Medical School, Lendon, England

To date, studies of the mechanical properties of human motor units have
been limited to measurements of twitch tension, twitch contraction time
and recruitment threshold (Sica & McComas, 1971; Milner-Brown, Stein &
Yemm, 1973a). Using the technique of spike triggered averaging (Buchtal
& Schmalbruch, 1970; Milner-Brown, Stein & Yemm, 1973b) we have now
been able to examine, for the first time in normal subjects, the relation-
ships between these properties and motor unit fatigability.

The hand is immobilised in Plasticine ad the force of abduction of the index
finger produced by contraction of the first dorsal interosseous muscle
recorded (Stephens & Usherwood, 1975). Using the action potential of a
single motor unit from this muscle as trigger, the twitch response of the
unit was extracted from the total force of abduction by averaging over 64
sweeps, the subject maintaining a steady contraction such that the unit
fired at a slow rate (= 3pps). After at least two control readings, the sub-
ject maintained a contraction such that the unit fired steadily at 10 = 3pps
for 5 minutes. At the end of this fatigue period, circulation to the muscle
was occluded to prevent recovery and the force of abduction immediately
averaged as before. Circulation was then restored and the force averaged
again after 10 minutes recovery. Only one unit had not recovered comple-
tely by this time. An index of motor unit fatigability was defined as the
ratio of the twitch amplitude at the end of the fatigue test to its mean
control amplitude.

Figure 1 shows that motor units recruited at low contractions strengths
were generally unfatigued or even potentiated after the fatigue test. High
threshold units, on the other hand, were uniformly higly fatigued. Units
recruited at contraction strengths < 5% of maximum voluntary contrac-
tion strength (MVC) had relatively low twiich tension (0.18-15g) were
relatively slowly contracting (twitch contraction times 39-146msec) hand had
fatigue indices in the range 0.73-1.83 (I unit 0.44). Units recruited at con-
traction strengths > 10%MVC were larger (twitch tension 15-26g), faster
(twitch contraction times 33-57msec) and had fatigue indices in the range
0.09-0.34. Significant positive correlations were found between fatigability
and twitch tension and twitch amplitude and recruitment threshold.

The interrelationships round in this study between contraction strength,
twitch contraction time and fatigability are broadly similar to those found
previously in animal muscles (see for example Burke, Levine, Tsairis &




Zajac, 1973; Proske & Waite, 1974; Reinking, Stephens & Stuart, ";975]. In
contrast to animal experiments, however, studies in the human gllow the
association of motor unit mechanical properties to be given dit_f'iect fune-
tional significance in terms of the order of motor unit recruitment (cf.
Stephens & Stuart, 1975). It seems clear, for example, that the present
results provide at least part of the explanation for the common experience
that weak voluntary muscle contractions can be maintained w‘ithout fati-
gue for much longer periods than strong contractions. Indeed this may
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Fig. 1 - Relathionship between the threshold of motor unit recruitment and fatigue index.
A, B & C show results from three different motor units. In each case the upper
trace Is & control and the lower the twitch recorded at the end of the fatigue
test.hThe points corresponding to these units are labelled appropriately on the

graph.

be a common design feature of the organisation of motor units within
muscles, representing perhaps an adaptation to usage which enables them
to participate in a wide range of activities from those demanding main-
tenance of small forces for long periods of time to those requiring the
development of large force for a short period of time.

In view of the known correlations between muscle fibre histochemistry
and mechanical properties (Burke et al. 1973) it would be of interest to
include an examination of motor unit fatigability as well as motor unit
contraction strength in patients suffering from various neuromuscular dis-
orders. Such investigations may be of particular significance in cases-
where the recruitment order is abnormal following for example, reiner-
vation (cf. Stein & Brown, 1873) and where comparison can be made with
the morphology and histochemistry of muscle fibres revealed at muscle
biopsy.
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EXCITATION OVERFLOW IN THE MUSCLES OF THE UPPER LEG:
A POLYELECTROMYOGRAPHIC STUDY

A. Stevens, H. Stijns and N. Rosselle; Department of Physical medicine and Electromyogra-
phy; Laboratory of Electromyographic and Clinical Kinesiology University of Leuven,
Leuven; Belgium. Department of Physical Education, Section of Physmal Therapy,
University of Leuven, Leuven, Belgium’

The purpose of this investigation was to evaiuate:

1. the excitation overflow at different loads, including 25%, 50%, 75%
and 100% of the maximal isometric force of the opposite limb.

2. the comportament of the overflow activity as a function of time.
3. the individual factors.

The following muscles of 23 young college students were investigated by
means of an 8 channel polymyograph with mirror galvanometer inscrip-
tion: m. vastus mediali, m. vastus lateralis, m. rectus femoris and m. biceps
femoris of the right leg for evaluation of the excitation overflow and the
same muscles on the left for evaluation of the activity during contraction.
Surface electrodes with a markedly constant bipolar distance were used
for detection. The activity was integrated by full waves integrators, cons-
tructed by the service of bioengineering of the university hospital (Ir.
Fauconnier). .

The subjects were lying on an inclined table, adjusted to an angle of 30°
with the horizontal. The right knee was extended in the neutral or zero
starting position, while the left was flexed at 60° starting from the zero
point.

The subjects were well secured by belts, They were then instructed to
execute a maximal isometric contraction, in extension, for 3 seconds
with the left leg.

Subsequently, they executed isometric contractions at 25%, 50% and
75% of the maximal force, with 3 minute intervals between each of these
loads.

Two measurements of the integrated activity during 1 sec. were taken
and expressed in mY X sec by means of the reset method. The first meas-
urement was taken at the beginning of contraction against the specified
loads, and the second about 1 second later.

The movements, skewness and kurtesis were calculated from the data
collected on the different muscles.

Barlett's chi-square statistic Indicated that the variances for a specified
muscle at the same %% of loading in the different subjects were not all
extimates of the same population variance.

Consequently non-parameter statistics were used to test the nulla hypo-
thesis H, that the samples extracted from populations with the same
distribution.

A. This hypothesis is rejected because of the differences in degree of
distribution between 100%, 75%, 50% and 25% (cfr. Test of Friedman).
This is expressed by a X? distribution with 3 degrees of freedom, as is
shown in the following table.

First measurement Second measurement

=3 Vast. M. Rect.F. Vast.L. Bic.F. Vast. M. Rect.F. Vasi.L. Bic.F.
K= 54,66 53,34 51,99 50,21 61,60 61,60 52,40 57,5

All these values are significant on 0,5%» scale.
There is also a significant difference between the integrated overflow
activity, detected at 25% of the maximal load, and the integrations made
at complete rest (base line), which equals 1,2 mV xsec. This is illustrated
by the t distribution for 22 degrees of freedom.

First measurement Second measursment

Vast, M. Rect.F. Vast.L. Bic.F. Vast. M. Rect.F. Vast.l. Bic.F.
t= 3,97 6,23 4,19 58 4,11 5,83 4,75 6,04 ‘

This table is significant on 1% scale.

B. There is also a difference in the degree of distribution between the
subjects for the different muscles and the loads (cfr. Test of Kruskal and
Wallis).

This is demonstrated in the following table of X* values for 22 degrees
of freedom,

Vast. M. Rect. F, Vast. L. Bic. F.  Slgnificance
25% 41,61 163,87 42,33 4430 X2 o = 33,92
50% 41,74 41,92 40,03 43,01 at least significant
75% 42,07 40,06 42,03 42,39 on 24% scale
100% 34,42 on 5% scale

However the nulla hypothesis (Ho) is not rejected for m. vastus med., m.
vastus lat., m. biceps fem., at maximal loading (X*:vast.m.32,71; vast
l.: 33,13; bic.: 31,386).




/
C. Spearman’s rank correlation coefficient hetween the integrated excita-
tion overflow in the right leg and the exterted force on the left is slightly

significant for m. rectus femoris, and very partially so for m. vastus lat.
I

m. Rect. F. r.=046; test for Hy; 2=2,17 (1,5% s.): First measurement.
m. Rect. F. r=0,49; test for Hy; Z : 2,28 (1,1% s.): Second mea'éurement.

m. Vast. L. r,=0,37; testfor Hy; Z: 1,75 (4% s.}: Second measurement.

The null hypothesis of independance is maintained for the other muscles
and test situation.

D. Evaluating the comportment of the excitation overflow as a function of
time, the second measurement showed an increase in the integrated acti-
vity in the muscles Investigated and at different loads, as shown by the
sign test: '

100% loading: T significant on 0,5 scale unilateral for all the muscles.

75% loading: vast. med. and lat. on 0,5 s.; rect. fem.: 2,5%: bic. fem.:
5% s.

50% loading: T significant on 2,5% s. for all the muscles.

25% loading: vast. med. and lat. on 5,0% s.

E. Kendall's rank correlation test for 4 paired observations (25% up to
100%) is positive in 59,23% (range 51,78-66,39) of the 184 sets in this
study. A power curve with a significant coefficient of determination can be
drawn in 36,54% of the position rank correlations (range 32,62-51,04).
The mean value of the power equals 2,10. the standard deviation 0,72 and
the standard error 0,17.

An exponential function of the form Y = ae™ describes significantly the
curves in the other 63,64% [(48,96-76,38).

It is equally possible to realize a linear equation of the form Z=ay+ aix + asy
between the integrated activity of excitation overflow Z, the integrated
value X of the activity during contraction in the investigated muscle and
the developed force Y for example: a;: —20,25; a: 1,67; a: —3,77 in one
set of data about m. rectus femoris,
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EMG AUTOMATIC ANALYSIS OF THE TIBIALIS ANTERIOR
MUSCLE IN NORMAL SUBJECTS

V. Taglietti, G. Cinquini, A. Moglia and A. Arrigo; Istituto di Fisiologia Generale & Clinica
delle Malattie Nervose e Mentali della Universita di Pavia, Pavia, ltaly ;

The aim of this study is to set up a program using a digital minicomputer,
for an automatic analysis of the EMG tracings.

The main steps of our research are: 1) isolation of an EMG signal (MUAR)
with its own real onset and offset points, 2) identification of the MUAPs
among the sampled signals, In other words identification of each dischar-
ging signal that is found to be repeated at least 3 times: 3) measurements
of the MUAPs parameters (duration, amplitude, number of phases, number
of peaks etc.): mean value = SE. as well as statistical evaluation of the
parameters under examination.

During the first step of this program, the computer constitues a «ciclic
buffer» representing at least 17 msec of EMG tracing; when a fixed digital
threshold is exceeded, a sufficient number of points are accumulated in
such a way that each signal is preceded by an initial tract of at least
5 msec.

In a subsequent phase a cleaning operation is effected, eliminating the
signals having insufficient amplitude in comparison with a fixed value (as
they come from a distant M.U.) or displaying a remarkable difference het-
ween the initial and the final tract.

The accepted signals must be recognized to be «real MUAPs» as described
above, before being analyzed; the other signals (artifacts or superimposi-
tions of different MUAPS) are eliminated. This cleaning operation has been
carried out using the cross correlation coefficient between each conside-
red MUAP and a chosen series of following MUAPs, accepting as «real»
those MUAPs that repeat themselves 3 times.

The signals so recognized are then submitted to an averaging operation
to improve the signal-noise ratio.

Afterwards a comparison is made between the last identified MUAP and
a set of 3 (or 5) previously identified MUAPs; the last MUAP will be
therefore accepted only if it appears to be different from the others, At
the end of this stage a series of different «real MUAPs» will be obtained,
each different from the others, which could be stored on a mass storage
device.

During the third step the parameters of a single MUAP are calculated,
using suitable threshold and comparison among the points of each MUAP.
The reasulits will be output on a peripheral device.

For this research we have employed a minicomputer Digital PDP/8L, pro-
vided with 8 K memory, connected to an A/D converter {TMC CAT 400/C)
and supplied with a dual unit of digital tape devices.

The MUAPs of the tibialis anterior muscle of normal subjects were picked
up by a concentric needle using a Medelek apparatus for amplification,
connected with a J. Packard F.M. tape recorder.

The subjects were voluntary with ages ranging from 27 to 75, as shown
by Arrigo e Coll. (1875).

The clinical examination did not show any evidence of peripheral nerve
or muscular involvement.

The values of MUAPs obtained in cases 1 and 2, who were certainly nor-
mal subjects, as in previous studies, were averaged and compared with
all the rest of the cases.

Fig. 1 and 2 show the results and statistical evaluation.

Significant differences were found when taking into consideration the age
range, subclinical diabetes (2 subjects) and alchool addiction (2 subjects).
The data obtained confirming this analysis, seem to be useful for a better
identification of subclinical or bordeline cases.
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ELECTROMYOGRAPHIC AND KINEMATIC STUDIES ON
WALKING PATTERNS WITH VARIOUS FOOTWEAR

T. Takahashi, K. Numasaki, H. Miura and M. Hasue; Fukushima Medical College, Fukushima,
Japan

Various kinds of footwear have been used in daily life, and especially in
Japan we have had many traditional and foreign types. It is postulated
that the type of footwear should have some influence on gait.

The purpose of this study is to analyse walking patterns and activities of
leg and foot muscles when various footwear are worn.

MATERIALS AND METHODS

Twenty-five young adults without any diseases were selected, and each
subject was instructed to walk at his natural speed ten times with diffe-
rent footwear, Three kinds of footwear (Fig. 1), the fitst with fully-flexible
soles (rubber sandal, setta, zori, and house slipper}), the second with
semi-flexible soles (shoes with various heel heighst), and the third with
inflexible soles (geta, takageta, and wooden sandal) were used for the
study.

The electrical activities of leg and foot muscles (tibialis anterior and pos-
terior, gastrocnemius, peroneus longus, extensor hallucis and digitorum,
flexor hallucis and digitorum longus, and abductor and adductor hallucis)
were relayed from dual-wire internal electrodes into the amplifier. The
signal was recorded on an eight-channel oscillograph. Electrical stimula-
tion was performed to ascertain the position of the electrodes.

Walking patterns were observed with a stroboscopic camera, and temporal
change of angles of the hip, knee, ankle, and first metatarso-phalangeal
joints were measured and correlated with muscle activities.

RESULTS

Walking patterns and activities of leg and foot muscles when a given
footwear was worn was compared with those in barefoot walking. The
results were as follows:

1. Electromyographic study
Group A muscles which are working as the movers of the ankie (tibia-
lis anterior and posterior, gastrocnemius, and peroneus longus) chan-
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ged their phasic and quantitative activities when the footw-‘éar with

semi-flexible soles were worn. The active phase of the tibialis anterior

shifted gradually to the stance phase as the heel heigh was raised.
Group B muscles ranging from the leg to the toes (extensor hallucis
and digitorum longus and flexor hallucis and digitorum longus) showed
quantitative changes when the footwear with inflexible soles were
worn. Furthermore, activity of the flexor hallucis longus was revealed
both in the stance and in the swing phases.

Group C muscles which are intrinsic muscles of the foot changed their

phasic quantitative activities as did group B when the footwear with

inflexible soles were worn. Those muscles were active even in a part

of the swing phase.
On the other hand, the footwear with fully-flexible soles had little
influence on activities of all the three groups of muscles.

Kinematic study

Temporal change of angles of the hip during walking was hardly influen-
ced by the degree of flexibility of footwear soles. The range of motion
of the knee joint decreased when the footwear with inflexible soles
were worn, but was identical to that in barefoot walking when the
footwear with fully-flexible socles were worn.

Temporal change of angles of the ankle joint was influenced by the
footwear with inflexible and semi-fiexible soles, and its range of motion
gradually decreased as the heel height of those with semi-flexible
soles was raised. The range of motion of the first metatarso-phalangeal
joint decreased markedly when the footwear wtih inflexible and semi-
flexible soles were worn.

On the other hand, the footwear with fully-flexible soles had little in-
fluence on angular changes of all the joints as in the case of the
electromyiographic siudy.

The results obtained in these siudies are briefly summarized in Table 1.

CONCLUSIONS

1.

Footwear with fully-flexible soles hardly exert any influence on angu-

lar changes of the joints and muscle activities of the lower limb. Therefore,
walking with such footwear in almost identical to walking barefoot.

2.

Footwear with semi-flexible soles decrease the motion of the first meta-

tarso-phalangeal joint alone, and have some influence on activities of the
ankle muscies only when the heel height is raised. Those footwear with a
heel height over seven centimeters exert an especially great influence on
muscle activities. -
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Table 1

Change of muscle activitles in various footwear

bl

Shoes

Geta, Takageta,Wooden sandal Rubber sandal, Setta, 2ari, Slipper

peni-flexible sole

inflexible sole

fully flexible sola

A = groupe
Tib. aat,
Gastro.
Peroneug.

Tik. poat.

®

S

B - groupa
E.H.L.
7.0.L.
E.D.L.
F.D.L.

®

€ « groupe
Abd. hall,
Add. hall,
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3. Footwear with inflexible soles decrease angular changes of the knee,
ankle, and first metatarso-phalangeal joints, and have certain influence on
activities of the extrinsic and intrinsic muscles of the toes especially
when those with interdigital thongs were worn. Consequentlj}, walking
with such footear is clearly different from that with other kinds of foowear.
4. According to the above-mentioned results, it should be presumed that
rigidity of the soles of footwear and their heel heights have an influence
on various aspects of level walking. ‘

EMG ANALYSIS IN HEMIPLEGIC PATIENTS TREATED BY MEANS
OF FUNCTIONAL ELECTRICAL STIMULATION (FES) OF THE
PERONEAL NERVE

s.L.Visser and G. Zilvold; Academic Hospital Free University, Amsterdam, The Netherlands

METHOD

Thirteen patients with a chronic residual hemiplegic state were examined
before treatment, after a conventional physiotherapeutic treatment for
three months, and after a treatment with Functional Electrical Stimulation
(FES) of the peroneal nerve for three months. Standardized constant iso-
metric contractions of half maximal strength were executed during 60
seconds, first dorsal flexion of the foot and then plantar flexion of the
foot. The EMGs of dorsal flexion muscles (tibialis anterior muscle) and
plantar flexion muscles (soleus muscle) were recorded with surface elec-
trodes and analyzed by a PDP 8/1 computer. Executed tension, integrated
amplitude, peak-to-peak amplitude and number of peaks were measured
per second.

In the 60 second contraction period, trend, mean and standard deviation
were calculated. The more detailed description of the method and normal
values have been reported by Visser and de Rijke (1975).

RESULTS

1. Before treatment

In dorsal flexion the tension executed was increased, nevertheless the
amplitudes and the number of peaks were decreased. In plantar flexion
the tension as well as the amplitudes and number of peaks were
decreased. This can be interpreted as a paresis with a dominance of
dorsal flexor muscles. The dorsal flexor muscles were in a tonic con-
dition (high tension, low level of electrical activity).

2. Conventional physiotherapeutic treatment

In dorsal flexion the tension executed decreased to value below normal.
On the other hand, the amplitude and number of peaks increased (ho-
wever, still below normal values). In plantar flexion the tension exe-
cuted increased but was still low, and the amplitudes and number of
peaks did not show any change.




The accompanying activity in the antagonistic muscles was fo“imd 1o
increase. This can be interpreted as a paresis with decreasing domi-
nance of dorsal flexor muscle and increasing dominance of plantar
flexor muscles and too high a level of activity in antagonistic/muscles
which should be relaxed. |

3. After FES treatment

In dorsal flexion a further decrease occurred in the tension executed.
In plantar flexion the tension executed has decreased again. The inc-
reased activity of the antagonist has disappeared.

This can be interpreted as an improved balance between dorsal and
plantar flexor muscles and an improved relaxation of antagonists.

DISCUSSION

Before treatment a paresis existed with dominance of dorsal flexor mus-
cles which were in a tonic condition. After conventional treatment the
paresis had shown a decreasing action of dorsal flexor muscles, an inc-
reasing action of plantar flexion muscles, and in antagonistic muscles too
high a level of activity was observed. After FES treatment the paresis still
existed, but the functional balance between dorsal and plantar flexor mus-
cles had improved. The contractions were less tonic and there was less
activity in the antagonistic muscles. This may very well improve walking
capacity.
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INTEGRATED ACTIONS OF MASTICATORY MUSCLES:
SIMULTANEOUS EMG FROM EIGHT
INTRAMUSCULAR ELECTRODES

M. Vitti* and J.V. Basmajian: Facultate de Odontologia de Piracicaba UEG, Piracicaba, Sao
Paulo, Brasil, and Emory University Regional Rehabilitation Research and Training
Center and the Georgia Menta! Health Institute, Atlanta, Georgia, USA

Shortly after World War I, Moyers (1949) introduced electromyography
for investigating masticatory dynamics. Since then many papers have heen
published, using different kinds of apparatus and instruments according
to a particular study or investigation to be performed. This heterogeneity
has been against potential uniformity in the interpretation of the eleciro-
myograms. Diverse opinions are numerous among authors who have stu-
died the muscles of mastication electromyographically in normal subjects.
It is obvious also thai mastication is one of the most important functions
of the mouth and dental medicine, and considerable data about these
functions are still missing for the human being. We have undertaken, the-
refore, to analyze through electromyography the temporalis, masseter,
medial pterygoid, anterior belly of the digastric, mylohyoid and genichoid
muscles in individuals having «normal» or «ideal» dentofacial growth, good
dentition with only minor deviations from «normal» anatomy, and freedom
from temporomandibular joint disturbances.

Indwelling bipolar fine-wire electrodes (Basmajian and Stecko, 1962) were
used exclusively. The electrodes were inserted into each muscle by means
of 27-gauge hyopdermic needles. These electrodes consisted of two nylon-
insulated Karma alloy wires [diameter 25 p) with their tips bared and bent
back to make one bipolar electrode. The complete assembly was sterilized
for one hour at a temperature of 130°C.

The proximal bared ends of the electrode were connected to spring tem-
pered brass-ware connectors fashioned according to the procedure of
Basmajian et al. (1966). This connected the subject to the input cables of
8 low-level preamplifiers (modified LRA 042 Differential Amplifiers from
Argonaut Associate Incorporated, Blaverton, Oregon). All electrical poten-
tial signals were monitored either by an audio amplifier connected to an
eight-inch loud-speaker and/or by the four-beam Type 564 Tekironix Sto-
rage Oscilloscope. A Hewlett-Packard (Model 3955 C.14 Channel) magnetic
tape recording system was used to record and store the electromyographic
signal. The data stored on the magnetic tapes were transferred to Kodak
Linograph Direct Print bromide paper by means of an ultra-violet recorder
(Honeywell 1508 Visicorder). The whole experiment was also recorded by
a TV camera together with the voice of the experimenior on tape. This
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" permitted correlation of the different phases of movement With/’electro-
myograph on paper. The routine calibration was 500 pY and 100,6 ms per
division, :

The muscles were studied during free movements and against resistance.
The records showed that there was activity in the temporalis muscle du-
ring: closing the jaw with contact of the teeth, and against resistance;
free lateral movement to Ipsilateral side, against resistance, and with
occlusal contact; retraction of the jaw from protroction without contact,
and with occlusal contact; incisor chewing gum, chewing gum on the right
and left molar side; normal mastication and in forceful centric occlusion.
There was activity in the masseter and medial pterygoid muscles during
the following movements: closing the jaw slowly without occlusal con-
tact, with occlusal contact and against resistance: free lateral movement
to contralateral side, against resistance, and with occlusal contact; protr-
action of the jaw without occlusal contact, and with occlusal contact;
swallowing saliva and water; incisor gum chewing, chewing gum on the
right and left molar side, normal mastication and in forceful centric occlu-
sion.
There was acticity in the diagastric, mylohyoid and geniohyoid muscles
during the following movements: opening of the jaw slowly and maximatly,
against resistance; closing the jaw against resistance: free lateral move-
ment to ipsilateral and contralateral side, against resistance and with
occiusal contact; protraction of the jaw without and with occlusal contact,
and against resistance, swallowing saliva and water, protraction of the
tongue. They were working in antagonism during chewing gum and normat
mastication.
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KINEMATIC AND MECHANICAL CORRELATES OF SKILL
ACQUISITION: 150 CM. SUBJECT-TO-TARGET DISTANCE

J.Vorro and D.Hobart; Departments of Anafomy, Michigan State University, Michigan,
and University of Maryland, Baltimore, Maryland, U.S.A.

The purpose of this study was to define quantitatively, the modifications
in the dynamic characteristics of myoelectric activity and parameters of
movement occurring during the acquisition of a motor skill. More specifi-
cally, this study utilized a combination of synchronized integrated electro-
myography and cinematography to analyze the effects of a training program
on the discrete voluntary movement changes of an upper fimb while invol-
ved in a novel motor task of throwing a ball for accuracy.

SELECTED LITERATURE REVIEW

The effects of practice on myoelectric activity have been investigated and
factors allowing for the various musculatures order their temporal respon-
ses identified. Person (1958) and Okamoto and Kumamoto (1971) have
noted a high level of activity in both agonists and antagonists in early
attempts at novel movements, with practice establishing reciprocal rela-
tionships between opposing muscle groups. Fischer and Merhautova (1961)
and Kamon and Gormley (1968) agree that trained individuals are able to
increase the amplitude of their action potentials at decisive moments,
while early unsuccessful attempts were characterized by slow and inap-
propiate responses. Hobart and Vorro (1974), Vorro and Hobart (1974) and
Hobart et al. (1975) have been able to further break down the temporal
characteristics of muscle responses. They agree that muscles will exhibit
an earlier premovement contraction and a reduction of time needed for a
muscle to reach peak electrical activity as skill is acquired. Investigations
into the changes in total myoelectric activity resulting from increased pro-
ficiency have produced conflicting results, some authors finding increases
(Mobart et al.), others finding decreases (Kamon and Gormely]).

METHODS AND MATERIALS
Twenty-three adult male subjects participated in a throwing task, the goal

of which was the development of accuracy. The subjects were required to
propel a ball, with the right (dominant} limb, onto a target with a shoulder




flexion movement. The subject-to-target distance was 150 cm. A detailed
description of the task and experimental setting may be found /in Hobart
and Vorro (1974) and Vorro and Hobart (1974). Briefly, synchroﬁized cine-
matography and electromyography were used to gather data inpérmittent[y
(trials 1, 2-3, 531-53 and 101-103) throughout the learning sequence. A 16
mm. Model H 16 Bolex camera operating at a film transport speed of 64
frames per second was used for the photography. Surface elegitrodes, pla-
ced 3 cm. apart from each electrode center and along the muscle fiber
bundles, monitored the electrical activity. They were placed at the mid-
longitudinal and mid-cross sectional point of each muscle. Four pairs of
Beckman standard bi-polar electrodes (disk diameter 1 cm.) were used
for placement on the posterior portion of the deltoid, teres major, latissi-
mus dorsi, and pectoralis major (pars clavicularis). Four additional pairs
of Beckman miniature bi-polar electrodes (disk diameter 2.5 mm.) were
used for the anterior and middle portions of the deltoid, coracobrachialis,
and biceps brachii (caput breve). Skin resistance measures of less than
3000 ohms were achieved with all subjects. The myopotentials were pro-
cessed and recorded by an eight channel Beckman Type RM Dynograph.
The response characteristics of the integrator couplers were: 3DB cut-off
points of 75 and 1500 Hz, with a 6DB per octave roll off at the high and low
frequencies. These couplers took the high frequency myoelectric respon-
ses and routed them to the input transformer of the preamplifier, bypass-
ing the preamplifiers input chopper. A frequency response extending to
200 Hz was obtained, exceeding the highest muscular potential frequen-
cies. After amplification in the preamplifier, the signal was passed back
into the integrator coupler by a single stage transitor circuit in order to
produce sufficient signal amplification for linear rectification. The signal
was then coupled to a full wave rectifier and «integrated» by a low pass
filter. The signal was thus turned into DC and the ripple on the DC filtered
out for frequencies above 40 Hz. The signal was then coupled to the
amplifier for recording. The preamplifier gain was set at 1 mv/cm. and the
amplifier gain at Xt mv/cm. Data were quantified numerically with the
use of an X/Y coordinate digitizer and reduced to variables of interest by
an BM 370-145 computer. A stepwise linear regression technique was
utilized for the statistical analysis. This procedure recursively constructed
descriptive equations, taking into account the interrelations among the
variables, which best described the observed phenomenon, skill acquisi-
tion. Mean values were calculated for the dependent variable, performance
score (the deviation of the ball from the target center). The kinematic va-
riables: movement time, release angle, and release velocity were compu-
ted for each subject for each trial hlock. The myotemporal variables:
premovement contraction time, time to peak electrical activity, and coordi-

nation time (elapsed time between the beginning of contraction for each
muscle and the beginning of contraction for the first muscle to contract,
the anterior deltoid) were also computed for each subject and for each
trial block. A similar calculation was: made for the remaining myoelectric
variable, total electrical activity.

RESULTS AND CONCLUSIONS

The criterion measure or performance score was significantly altered
during the learning sequence (166 cm. average deviation from the target
center at trial 1, to 53 cm. during the final trial block), with the majority
of learning occurring very early in the practice period (38 em. between
trial 1 and mean of trials 2 and 3). in order to produce this rapid and con-
siderable performance improvement, the subjects found it necessary to
make specific kinematic and mechanical changes in the throwing motion.
The overall kinematic alterations occurring over the learning sequence
were as follows: the angle of the limb at ball release decreased 914, 879,
.793, and .741 radians; total movement time of the limb excursions decrea-
sed .243, 194, .191, and .189 seconds; and the velocity of the limb at ball
release increased 5.53, 7.71, 8.09, and 8.27 radians/second. Apparently, the
subjects found that success could best be mediated through a combina-
tion of these changes. Accuracy, then, was improved by producing a more
rapid overall limb excursion, combined with a lower [(more direct) limb
angle at ball release, and an increase in velocity at that point.

Generally, the mechanical variables followed a consistent pattern. As
practice progressed, all eight muscles began their premovement contrac-
tion times considerably earlier then in the initial trial, with the largest
increases occurring between trial blocks 1 and 2-3. All coordination times
decreased, indicating that the subjects found it necessary to shift the
inftiation of contraction for the various musculatures so as to mare closely
approximate that of the anterior deltoid. The largest portion of the change
in coordination time occurred between trial blocks 1 and 2-3. The times to
peak electrical activity were very individualistic. From the initial trial
onward, the subjects either increased or decreased these times to affect
whatever alterations were needed for success. Total electrical activity
generally increased throughout the learning sequence, however, with the
greatest increases occurring hetween trial blocks 1 and 2-3.

The initial equation, descriptive of the improvement of performance bet-
ween trial blocks 1 and 2-3 indicated that 4 myotemporal, 2 kynematic, and
4 total activity variables were primarily responsible for early skill acquisi-
tion. These included: decreased release angle {0.35 rad.), increased re-




lease velocity (2.18 rad/sec.), increased premovement time for the middle
deltoid, teres major, and pectoralis major (.039, .043, and .034 seé respec-
tively), increased time to peak electrical activity for the teres major (.002
sec.), and increased total electrical activity for the coracobrachialis, teres
major, and anterior and middle portions of the deltoid (.320, .37, .708, and
241 sg.cm. respectively).

The second equation, descriptive of improvement later in the Iearmng se-
quence, identified 7 myotemporal, 1 kinematic, and 2 total activity variables,
while the final equation indicated 6 myotemporal, 1 kinematic, and .3 tetal
activity variables as being of primary importance. The muscles making up
these equations varied and their index of change was greatly reduced.
The subjects found it necessary to engage in considerable experimentation
in order to achieve success and to be consistent with thalt success, The
early alterations, as indicaied previously, accounted for the sizable impro-
vement in performance. These variables, indicated by the regression te-
chnigue, were the most salient in the experiment. They represented the
largest change in the actual values between the early trial blocks and that
change accounted for the largest adjustment in skill level. Additional imp-
rovement at the task utilized the newly established baselines (post third
trial} and only slight modifications were made from that point onward. As
practice progressed, the subjects found it necessary to substitute variah-
les dealing with temporal aspects into the equations. Seemingly, a tem-
poral sequencing of the musculature became more important in the later
stages of the practice sessions, accountmg for any additional improve-
ment in the skill level.

It was concluded that: 1. the largest mayority of skill improvement occur-
red within the first three trials, 2. the kinematic variables demonstrated a
large initial adjustment within the first three trials, 3. total electrical acti-
vity increased considerably within the first three trials, as did the myotem-
poral variables, 4. myotemporal variables tended to replace the more
guantitative changes in total electrical activity and kinematics as the
subjects became more proficient at the task. Improvement subsequent to
the third trial was more a function of subtle adjustments in temporal se-
quencing than further gross modifications in total electrical output or limb
position and rate.
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GAIT ANALYSIS IN HEMIPLEGIC PATIENTS TREATED BY MEANS
OF FUNCTIONAL ELECTRICAL STIMULATION (F.E.S.) |
OF THE PERONEAL NERVE i

G. Zilvold; Academic Hospital Free University, Amsterdam, The Netherlands ’

METHOD

Thirteen patients with a chronic residual state (no spontaneous improve-
ment) were treated 3 months with conventional physiotheraphy treatment
(gait-training), active/passive movements, and treatment according to
Kabat (proprioceptive neuromuscular facilitation). They were treated, the-
reafter, for another three months by means of Functional Electrical Stimu-
lation (F.E.S.). In F.E.S. treatment the peroneal nerve was stimulated on
the affected side during the swing phase of the leg. Dorsoflexion and
eversion of the foot was obtained with this procedure.

The gait pattern was analyzed before treatment (BT), after 3 months con-
ventional physiotherapy treatment (AC}, and after 3 months treatment with
F.ES. (AS). This was done by the measurement of such phenomena as
the stance-phase, swing-phase and the bipedal-time by means of a regis-
tration system developed specially for this goal (F. van Faassen, 1974).
During the last examination the parameters were registered not only with
the stimulator functioning (AS-SF), but also without the stimulator (AS-S0).
In the healthy individual, if one divides the steep-time of the left leg by the
right, one gets the symmetry-factor ¢ which is normally 1 when the condi-
tion is ideal.

RESULTS

In the statistical analysis of the results there was no significant improve-
ment in the symmetry-factor from situation BT to AC. In the condition AC
to AS-SF there was a significant improvement, which did not exist from
situation AC to AS-80.

CONCLUSION

The conclusion is that the gait-pattern of a hemiplegic patient becomes
significantly more symmetric by the application of F.E.S.
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