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Abptract

Electrical stimmlation of muscles during walking is one
of the methods of increase of motor funstion of the patients
with children's cerebral palasy (CCP).

Scme blomechanical investigations have revealed signifi-
cant disorders of kinematics and dynamics of walking the pa-
tianta with CCP, The type and parameters of stimulating
aignals providing painleas effective muscle contraction have
been established by means of the analysis of possible kinds
of electrical pignals and their evaluation on ithe basis of
eriteria being worked out.

Parameters of stimulating electrodes and their interre-
lationship with anthropometric characteristics of patients
have been established. By means of possible ways of thering
information about atep phases on the basis of precision cri-
terion advisability of usage of an interlinked angle trans-
ducer has been determined for syachronizatior of a moment of
supplying stimulating signal wiih a step phasge.

The results of applicatior of electricail stimulation of
wuscles dur walking of patiente with CCP have been eatim—
ated by oblective methods.

At pregent numerocus attempts are known on creation of
artificial systems of control by the work of internal human
body organs and pkeletal musculature with usage of an excit-
ing action of an electric current.

The possibilitiy of using artificial cortrol systems for
restoration of the function of paralyzed muscles is a matter
of a great interesi. Such tasks rise in particular in the
cege of childrenr's cerebral palsy (CCP).

The problem of a gait correction of these patients is
extremely urgent because of a large number of patients with
OCP and a limited store of means of their rehabilitation. The
paper for the first time raises a problem of a gait correc-
tion of the patienta with CCP.

The correction of movements by the method of & func-
tional electrical stimulation (FES) is known to be the moat
reasconable into the swing phase /1/.

As the movements at the ankle-Joint during Phaae
are not so important as the movementa at the knee~jolnt,and
changes of an amplitude of movements and of angular speeds
&% the hip-joint of the patlents with CCP are rather small,
the problem of correction the movement of extension at the
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knee-joint during swing phase of a step wae conpidered as the
moat significant. It is worth to note thati increase of exten-
eion at {he knee-joint up to the mcment of a stance promotes
reduction of total energy expenditures during walking /2/.

For correction of extenalon at the knee-joint during
ewing phase an application of additional forces is required.
1t i1s guppused that these forces can be provided at the re-
sult of contraction of the extensoras of the shank with the
action of an external electrical excitation on them. Correec-
tion of the movement under the action of these forces is poa-
gible only in that case if they have a sufficient value and
are applied at the required time intervals. In such & way the
problem of a movement correction is preceded by the problem
gi getting of & necessary force of a.provoked muscle contrac-

ON.

Ag to the point of view of the theory of automatic con-
trol the groblem of a movement correction by means of an
electrical stimulation consists in the creation of such a con-
troller with the help of which it could be poasibdble to provide
normalized movements /fig.1/. _

Ag the data on the application of FES devicea for the
patients with the CCP are abeent, firet of all it was neces-
sary to chear up the following: a) the fundamental possibility
of a lecal (without irradiation), effective, provoking a
certain effort, sufficient, for example for extension at the
knee~joint, painless interaction of an electric excitation
on the lower extremiiy muscles affected with the CCP; b) the
fundamental poasibility of interaction on the volume and the
speed of the movement &t the knee-joint by means of an elesc-—
trical excitation of the muscles.

Ag a result of inveatigation of 55 patients with the CCP
above-mentioned questions have been settled positively.

¥ith the correction of exteneion at the knee-joint the
objeet of control is a shank. As the features of the correc-
tion object are not known the total tasgk is fractiomed into
gsome private taaks.

The foremoat task is determinmation of 8 necessary type
and parameters of control commands U(t). Enown up to date
theoretical and experimental data on the properties of a
nuscle and a neural-muscular apparatus as the control object,
as well as information about kirde of signels which can be
used for the FES don'ti allow to choome the type and para-
metera of control commandg,.

The analysis carried out and classification of the pos-
gible kinds of control commands have shown the necessity of
studying the reasonability of application at the correction
system the control commands of a random charaecter - a bio-
electric signal ~ and of & determinate character: 1) con-~
tinuous, amplitude-modulated sinusoidal aignal. 2) diascrete
signal as a train of square current pulses.

For carrying out investigations and with the purpose
of grounding the siructure and parameters of a correction sys-
tem special methods have been worked out /3, 4/.

Selection of control commands of a correction system was
performed on the eriteria which have been worked out. These
criteria can be divided into three groups: functional, tech-
nical and physiological. The patients with CCP for whom the
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A structural diagram of 8 correction aysten for extengion
at the knee~joint:

-1 = the object of control (the shank); 2 - a mea
member; 3 - comparator; 4 - a controller (stimnlator);
5 - an actuator (muscles-extensors of the shank).
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- a) Dependences of & maximum value of an exerted moment of
a force upon the curreni pulse length (a repetition fre—
quency of pulses is 50 pulses/sec).

b) The borders of a comfort zone under the action of a
current pulses.
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syatem IS provided, will nae it only in that cape if the in-
fluence of the system does not cause unpleagant feelings. So
one of the main requirements which control commands must
meet ig the requirement of a comfort.

One of the functional eriteria of selection of the con~-
trol commands type may be a maximally possible value of a
developed force moment which determines potential resources
of different type commands. The other functional index is the
time of transitional procesees when guppl the control
conmands of different iype and parsmeters onto the actuator
and when picking-up them off the astuator. The parameters
of the commands which provide getting maximum force momenta,
make an opportunity to evaluate some technical characteris-
ticas, e.g. an expendable energy, the size and the weight of
the device and of a power sup 1ly.

It is necessary to take into account specific properties
¢f the actuator - a8 liv muscle, which is connected with
its nature. It 1s known that mmecular force evoked by elec-
trical gtimuwlation decreases gradually as a result of develo-
ping fatigue. Evidently, that for practical use the commands
providing a sufficient moment of a muscular contraction
force, prowoking with it the least fatigue, arouse the greatest
intereat. The selection of the type and parsaetera of control
commands was performed in consideration of above-mentioned
indices on the base of experimental data.

Comparative investigation of sinusoidal amplitude-modn—-
lated and square control commands was performed for 5 normal
patients and 20 pathological cases of disease by CCP with a
moderate degree of affection.

Control commands were used as a train of aquare current
pulaes corresponding to the border of &8 comfort wone. The re=-
sulte of investigation of the actuator output characteristics
in norm and pathology have shown that the greatest moment of
& muscular force was provided while uging the pnlaes with a
length from 30 up to g50 microgeconds, the amplitude of 65 mi
(milliampere), the frequency of 40-50 He /fig.2/. Increase
of the pulse length up to 1,000 microseconds reduces a maxi-
mally poeslible force moment on an average to 50 per cent from
a maximum moment which corresponds to above-mentioned lengtha.

Investigation of a sipusoidal smplitude-modulated signal
has shown that the greateat moment of muscles-extensors of the
shank is provided if a carry frequency is at the range of
3-8 Kc/a %kiloc:claa per second), a modulation frequency ias at
;ge :'.-"'r e o§/80-160 B, voltage amplitude is not more than

v - L N ’

The ratio of maximum force moment values exerted by the
extensors of the ahank with voluntary development of the ef-
fort and under the action of the commands in the form of a
Square and a sinusoidal signal is 1 : 0.58 : 0.46 for the
norm and 1 : 0.65 : 0.41 for the patients with CCP /tig. &/.

- Investigation of a fatigue development process /fig. 5/
bas shown that when useing a asinusoidal amplitude-modulated
signal, the decrease of a force moment during 300 second ia
60 per cent from a maximum one., During the same time the de-
creage of a force moment with woluntary development of the
effort and under the action of a pulse train is 30-40 per
cent from a maximum,
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Dependence of a value of 8 force moment exerted by the
musciss-extensors of the shank upon the ters of

. control commands in the form of a sinusoidal signal:

&) upon th:éroquem ofcarrying signal at the fre-
quency nodulatine signal equsl 100 Hsx;

b) upon the frequency offmodunlating aignal at the fre-
quency of¥%carry signal equal 3 KHs. The depth of
modulation is 1 -

The ratio of the values of maximum force moments, exerted
‘a) with a voluntary development of the effort; bi under
the action of a train of curreat impulses; ¢) under ithe
action of a sinusoidal amplitude-modulatsd signel. FProm
the left - is a norma; from the right - in pathology.
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The "process of a fatique development

- - 1101‘!1 .
— = pathology
at a voluntary development of a mnoment

under the action of stimlating square
current impulises

4 «~ under the ':action of a sinuscidal - amplitude
-modulated mignal :
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It is worth to note that with the seme moment of the
force the energy of a sinusoidal signal almost two orders
ontnumbers the ene of a pulse train /5/. )

When us an ulae signal it is possible with aimple
means to provide efficiency, reliability and atability of a
correction system.

Investigation of a posaibility of using the bioelectric
activity as control commands hes revealed the measured values
of the bioelectiic signal paremeters (an average 1 h of
the pulses,an sverage frequency) to be sufficiently ored
from those ones which provide an effective conitrmstion of
the muscles. .

4As the frequency of a pules formation of a biceleciric
signal varies, it should be awaited of significant fluctua-
tions of a forece moment when using this s as a control
command. The experimentsa have proved oui above-mentioned con-
clusions and have revealed mncreascnability of application
of a muscle .electrical activity as control e e in the
aystems of a movement correction. _ ___

Thus, &t the resuli of research the reasonability of ap-
plication of the control commands as & sort of a train of a
current impulses has been proved for the correction system,
the control with a muacular force moment value being carried
out by changing the 1 h of pulses.

¥Weis's law was used for the evaluation of efficiency
of different length impulses. Weis's law inderlines the com= _
nection of & threshold length of a aingls current 1:9:1135

with its amplitude i = —5— + b, where { - is the o

pulse, T - ia the length of the impulme; a, b - are the
g:meters, characterizing the properties of an evoked tissuna.
t @ -~ is the valus of a charge which is transferrad by the

current impulse of the length 2(pig.8).

Bvidently I « T= q .

The charge, exceeding the threshold wvalus Q exceed is
equal Q - I.1, whe:nt-rgs o -

In consideration of the Weis's law it is poasible to pro

that lim Q exceod = 0, &as well am 1lim Q exceod. = §Q - a

oy - a T—=0

At the intervel 0 <« T« 8=t up, derivative

Q' sxceed, = -~ E’i—f—qmz does not turn into 0, so the function

Q exceed. 15 & 0t000lusly decreasing one at this interval,

and is limited from above by the value ¢ - a, and from below -

by the zero. Thus it may be supposed that short pulses would

be more effective than long pulses carrying the same charge.,
Weis's law is true for single pulses. However is may be

supposed that to some axtent the obtained data would be true

snd for a train of greatly spaced pulses. The experimental

data which had been received,prove this thought and gshow that

pulses of a less length larger amplitude carry a less

charge than & train of pulases of'a larger length. In thia

cage the greatest moment of the force of the below-knee muscles—

extenaors is provided.
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Determination of the efficlancy of the impulse action by
means of the Weis'a law,.
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Determination of trangient characteristics:
1 - disturbance action; 2 - a transient process.
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The analysis of the results of the research of the elec-
iTrode parameters has revealed the following. We have a re-
liable objective method for determination of the electrode
slzes as well as the sides of their piacement: at the systems
of correction of extension at the knee-joint it is reason-
able to use the electrodes similiar on their form to the
rectangular ones, with gemi-¢ircular edges. The sizea of
elecirodes and the thigh perimeier, measured on the border
of the middle and lower third, are clopely connected.

This allows to determine the proper sizes of electrodes
by a simple meagurement of a thigh perimeter. An spproximate
relationship of an active electrode eizes is 0.4F + 0.1P, :
where F - ig a thigh perimeter measured on the border of the
lower and middle th ..

The above-mentioned data on the type and parameters of
the control commands,on the form and sizes of the electrodes
were used for determination of the tranagitional characteris—
ties /fig. /.

With development of a force moment by the extensors of
the shank, under the action of a control command a pure time
delay is T4= 60 microseconds and the time of & transient
process la o= 260 microseconds. With decrease of a force
moment a pure time delay and the time of a transient process
were relatively 75« 100 microseconds, T 4=120 microseconds.
The study of trangient characteristics oé the actuator (a
muscle) together with the object of the control (the shank
and the foot) bas shown that 74 = 60-80 microseconds; To =
= 160 microseconds. At voluntary control the time of & tran-
elent process is significantly longer - 7"o= 400-600 micro-
geconds. Such data were considered as 1ni%ial ones for the
development of a correction system.

Thus the analysis of possible ways of building the sys-
tems of control by walking has shown, that a Byatem the con-
irol by whick is carried out using natural processes follow-
ing human walking should be chomen as an initial model of &
correction asystem for extension at the knee-joint.

The transient charactsriatios obtained for the correc-
tion obiect as well as biomechanical data on the walking of
the patlients with CCP testify to the reascnability of using
the relay mode of the correction system performance.

For an effective work of a correction system of such a
type ite synchronization with the phases of a atep is re-
quired. Different phenomena accompanying walking may carry
the information about the phames of a step: a bivelectric
activity and myotonic characteristica of ithe lower extremity
muscles,some olements of the step (e.g. the beginning of the
heel stance, the push-off the heel from the ground, the push-
off the toe from the ground), kinematic characteristica of
walking. The comparison on the bage of a precision eriterion
of different ways of synchronization of the syatem correc=
tion performance for extension at the knee-joint with the
Phases of a stepr has revealed that using synchronization on the
value of a Imee angle for these purposes allows to reduce to
zZero an_angle valug_vgriatign on/when the correction system is
switched of/ and elizinate its Zerzexniense upon the walking rate,

At the worked out one-channeled systew of correction an
angular synchronization transducer of an snalogue type is used
which performs triggerins of the system at the required phase
of a swing phase of a step.
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At the output of the system the control commands formed
a3 8 pulse train. The weight of a model without a Power source
is 370 g, the sizes - 130 mm x 90 .2 x 40 mm. When both of
the legs are affected a two-channeled syatem iy worked
out for the correction of exteneion at the knee-joints was
used,

The application of the sorrection mystem for extension
at the knee-joint when walking the patients with OCP allowed
to increase the angle B and the average velocity V of exten-
sion at the knee-joint up to the moment of touching the
ground with & foot (tmble 1). , .

B" Prp By L0 4, ety Neent )

L% "y
n 29 34 4 58 B 65
F. D D 9 P B 2 &

R - assembly average
¢ - standard devistion

These offects are caused by a direct action of the cor=—
rection system onto the extensors of the shank. However it
is interesting to note and a side effect which congiste in
that for the reeponse on a changed biomechanics of extenaion
at the knee-joint of the patients, the angle of of flexion
8t the knee-joint was increased at the end of a stance phage,
at the beginning of a swing phase. This aerved za a prepara-
tion for the extremity to a subgequent extension at the knee-
Joint under the action of the correction syatem.

In such s way & comparative study of a voluntary and
corrected walking of patients with CCP has shown that the
correction system suggesting an extension at the knee-joint
improves kinematics and dynamics of the movements in this
Joint. At present finishing of the deslgn is being carried
out.
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