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RATE-CONTROLLED TETANIZATION
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Summary

The onginal Ljubliana Functional Electeonic Peroneal Brace was
designed 50 that parameters of electrical pulses except the amplitoede
of the stitnulus are fixed before the application of the device. The
constancy B duration »f the terstibhg train did not satisfy all
fungtional reqoirements when the patient wanted to change his walking
speed, Therefore, an improvement of the Ljnbljana FEFR was introduc.
ed to provide continuouns automatic adjustment of duration of the
letanizing train in accordance- with thﬂDFatient's walking speed. The
tetanizing time lasting 85 to 90 per cent the swing phase has proved
most suitable. | . ]

In designing the advanced wversion of the Ljpbljana FEPBE the
following requirements were considered: the basic part of the device
is a cireuit measuring the time of the swing phase and determining the
tetanizing train duration. The electronic solution of these requirements
including low energy concumption, srmall number of elements and
miniaturyzation is described and the related problems are discussed.

This type of the brace was tested on Lve patients and the resulls are
under evaluation.

Three years experience with the application of the Ljubljana
Functioral Electronic Peroneal Brace to the patients with hemipare-
sls or hemiplegia due to cerebral vascular accident or head injucry
being o successful substitute for the classical mechanical splints,
with the aim of improving their gait shows us: that this device beside
being a successful substitute for the classical mechanical splints,
which prevent drop foot, also produces functionl movement (i e.
dorsal flexion and eversion) of foot in some stages of walk and
promotes the recovery of function of paretic peroneal muscles
[1, 2, 3]. The device has been designed in such a way, that paramet-
ers of electrical pulses applied to the peroneal nerve trunk should
be fixed before the application. Amplitude of the stimulus is the
one parameter which can be modified in course of use by the patient
himself. These properties make the Ljubljana Functional Electronic
Feroneal Brace an appropriate device to help most patients in the
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e of rehabilifation when any considerable influence on the
ing d lies beyond their possibilities. Yet, in advanced siages
of rehabilitation when the patient can easily change the walking
spead I:oﬁ' himself, the constancy of most parameters of the stimulus,
especia duration of tetanizing train, does not satisfy all functional
requirements. The duration of tetanizing train fixed beforehand
turng out to be too long in case the patient’s gait becomes faster,
respectively too short in case his gait mes slower (Fig. 1).
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Fig. 1.

Thus, the functional electrical stimulation of th
roneal muscles does not agree with the mechanics of walmg which
can result in an unsteady gait and even other undesirable conse-
quences. ‘Also, the transmission of information along the afferent
pathways to the spinial cord which improves the motor frinction of

aretic’ muscles is not synchronized- with single stages of walk
any longer. Such a stimulation is tem -:thaull:,f ‘no more adequately
programmed. This can seriously affect t Enlmnun of the spinal
reflex motor activity involved in walking, tion which
bas just beed improved 1o a certain extent. - -

Considering these facts, we décided to improve the Ljubljana
FEPRB to such & degree that the tetanizing train duration would be
determined by the patient's walking speed and, conseguently,
could be accomodated at every step. The mean tetanizing time wo d
be shghtlg,r shorter compared to the swing stage which suits wu]l
all requirernents of FES of the peroneal muscles. :

The following virements for the elec’tronic r:m:u:t are
includedin the demg'n the brace: '

The fundamental element of the brace is the circuit measuring
the time of the swing phase. Acoo to this measurement the
electronic circuit s properly adjust the time of the stimulation
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From the electronic point of view, requirements are simple, but
the design itself is not as simple as that if we add basic require.
ments for all orthotic and prosthetic circuits, i, e, amall energy
consutnption, a small number of elements, and miniaterization.

en raising the foot, a shoe-heel switch is triggered and
measurement of the swing phase time begins, Each time the heel
touches the ground the swing phase is comipleted, as well as the time
measurement. The time interval which, due to the gait changes from
0.3 to 2 sec., is converied hﬂ' the time voltage converter inio- a time
propartional voltage, which is stored in. memory circuit. The
time measuring and conversion circuits are shown by the block
diagram {Fig. 23}. . :

BUOCK DIAGRAN
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Fig, 2. L \

"By the triggering of the switch ih ‘the shoe-hes]l we pet an in-
creasing linear voltage — the time' base = 't';:-Eeni'ng the¢ modulator
over the Schmitt trigger and the stirvulation begins, The voltage of
the time base corresponds to the swing ghase time of each sten. In
a simplified. circuit- the time 'base could be replaced by a simple
charging of the RC constznt. Given: voltage is then stored in a
suitable RC constant representing.tha memory. The same time base
is applied for comparison with the memory voltage which cor
responds to the length of the previous step. As the voleage of the
time base and memory.is equal it gives rise to the steep. transition
of voltage on the differential amplgilfier' serving as the comparator.

se generater in such a way activates the Schmitt,tri
which shuts the modulator and interrupts the stirulation. In this
way the length of the previous step determines the stimulation time
during the present step.-Between the modulator and the Schmitt
trigger, the RC circuit is built in to decide upon the rising and fal-
ling of the stimulation train. If the present step is shorter-than the
previous the switch in the shoe-heel blocks the Schimitt trigger inter-
rupting the stimulation, In this case the situation doss not cor-
respond to-the requirements eccording to which the time of the
stimulation {t.) shouldd be shorter than that of the swing phase (1,).
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In all pther cases that may occur taking into account the dynamics
of the gait, requirements concerning t,< t. are more or less tulfilied.
We are to point out that at the very birst unchanged step all prescrib-
=d paramneters for the stimulation are normal and functicnaliy cor-
rect. As for the circuit of stimulation, we have chosen two versious:
the universal one, using the converter and the cutput stage with the
supply voltage Ucc=100 V, and the circuit we have taken from the
standard peroneal brace [4, 5]. This circuit makes use of the
modified blocking oscillator ing as an output stage. Final ener
consumprtion depends upom the design of the output stage. The
stnallest consumption is obtained when the transmission over the
cutput stage feeds the current only during the width of the stimal
ation impulse. Far this reason it is more convenient to use the
design w the output stage it enevgized by the suitable voltage,
with re to the desired amplitude of the stimulation.
memory must have the contact circuit or transmitting

information from the measuring to the memory part. There are
three possibilities: the a%plication of photocoupler, a relay or a
diode-switching circuit. The existing photocouplers have essential
weak points preventing the application in our case in spite ol the
ideal principle. One OF the main weak points is the great energy
consumption, i. e. the great supply voltage for the light source. Our
d;si%u will make m c!:-f the rel:érd because of itti simplicity, though
this design is not y optimised ¢oncerning the gnergy consump-
tion. The final brace will make use of the diode circuit which 1s
economical but more complicated.

In general our circuit gives wide possibilities, and enables
simple mgl? and adjusting of all the important parameters
Jimportant for the experiment. The relay is adjusted so as to provide
inlerruption at 8 V, which means that the battery musi be recharged
in order to prevent damage.

-The electronic circuit of the brace is shown in Figure 3.

Transistors and single parts of the circuit carry out the fol-
lowing functions: the circuit with transistors T, and T, is the Miller
sawtooth generator, the transistors T, and T, or Ty nmi T, represent
the phase inverter and impedance transformation. The transistor T
ang ihe condenser Cs form the metnory and the impedance trans-
fonnation. The transistors T, and T, from the differential amplifier
comparing the memory mltag: with that of the time base. The
Schrmitt trigger consists of the transistors T,, and T,;. A stable
multivibrator determining the frequency of stimulation consists of
the transistors T,, and T,,, and the transistor T,,, which together
with the time constant C,, (P,, + Ry} determines the width of the
output stimulation im . The transistor T,, serves for the
modulator. The increasing and decreasing of the stimulation train is
set by the value of the condenser C, The transistor T,, is the
impedance transformer, the T,, transistor is the amplifying and
phase inverting stage, while the T, is the output stage. The transist-
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or T,; converts the battery voltage from 9 to 100 V. The amplitude
of elecirical stimulation is adjusted by the potentiometer P,

FLWCTIONIL FLECTIGNE PERGMEAL WRACE
WTH MRLONG RATE DEPEMDENT  FE DA DN

Fig. 3.

The more important characteristics are:

— ouiput voltage can be set between 0 and 80 V;

— stimulation frequency range from 15 te 150 Hz;

— width of the rectangular stimulation impulse can be set
from 15—1500 uS, and the tetapizing train duration with
regard to the swing phase duration is 0.3 to 2 sec;

— adjustment of relation t/t. is possible within the limits of
0.5 and 0.9.

' ndencsyh of the stimulation time upon the duration of the
swing p is shown in Figure 4, k=0.7 (t.=k-t,).

The time of the increasing stimulation train is 5 per cent ot
t,, while the decreasing time is 15 cent of t.. The time of increas-
ing or decreasing can be chosen , and for greater changes by
‘adding a resistor in the collector lead R,y and C,.

The steady state on current of the circuit with the stimulation
off is 12 mA. At the normal galt (t.=1 sec) the energy consuraption
at the maximum output voltage on 2 kohms load is 23 mA. (the
stimulation frequency was 50 Hz and the impuise width 0.3 msec).
We presume that the final consumption using the diode switching
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circuit would be smaller, and therefore more preferable for the
final design.

This ?pe of brace was tested on 5 patients and the results are
in course of evaluation. So, any definitive opinion about it would be
premature. However, stimulus duration t. of 10 to 15 percent shorter
than the swing duration t, turned out to be the most adequate. The
necessary mean fetanizing train duration will be fixed more
precisely by means of kinesiologic studies. Such a stimulation could
pos]iilbl]r raise the question of new electronic solutions of the
problem. :
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It would be intéresting to find out whether k does or does not
depend upon the duration of the swing phase, and what effect it has
on swing-phase duration. o ' .

Miniaturization is one of the main problems while designt:s

A prototype. The circuit.in Fig, 3. will be somewhat less complica
without some emitter followers. The ermergy consnmption will
remain within the limits of 25 mA, which means that the capacity of
batteries during the 10 hour walk will be 250 mA hours, This is
more than is needed becuse only s few patients will make use of the
maximum amplitude of the stimulus. While des:ui;umg the standard
F-Emneal brace it was found that economically and technically
easible miniaturization would be within the limits of the battery
volume. The volume .of the complete peroneal brace with the
automatically adjusted stimulation time would be appr. 150 cm?,
using NiCd stan batieries; - . -
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