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57 ABSTRACT 
Apparatus for electrically stimulating a leg muscle in 
cludes an air-filled chamber located in the sole of the 
shoe beneath the ball of the foot and coupled to a mi 
croswitch in the heel by an air channel or a thin hose 
and a diaphragm. The switch in turn activates an elec 
tric pulse generator in synchronism with the normal 
walking pattern. The pulse generator supplies electric 
pulses to a pair of electrodes attached to the leg mus 
cles to be stimulated. 

11 Claims, 3 Drawing Figures 
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1. 
APPARATUS AND METHOD FOR ELECTRICALLY 

STIMULATING LEG MUSCLES 
This application is a continuation of application Ser. 

No. 783,004, filed Dec. 1 1, 1968, now abandoned, and 
relates to electrical therapy devices for use by humans 
with muscular disfunction, and more particularly to an 
improved electro-therapy device for electrically stimu 
lating leg muscles of a human. 
The present invention relates to electrical therapy 

devices for use by humans with muscular disfunction, 
and more particularly to an improved electro-therapy 
device for electrically stimulating the leg muscles of a 
human. 
For electro-therapeutical purposes elctrical activa 

tion currents of different frequencies and waveforms 
are employed which serve to stimulate given rhythmi 
cal physical functions. 
Usually the start and the termination of the activation 

at the correct instant form an essential condition for ef 
fective use of this kind of device. 
There are known devices of this kind operating on 

available physiological pulses of constant or substan 
tially constant frequency for starting and interrupting 
the activation currents, using, for example, the disten 
sion and constraction of the heart for the blood circula 
tion or the respiration motions of the thorax. 

If such physiological pulses are lacking or weakened 
to a high extent, the activation pattern is controlled in 
a different manner. A known example is the electrical 
stimulation of locomotion of muscular or nervous tis 
sues, the natural stimuli of which operate inadequately 
due to morbid symptoms somewhere else in the body 
so that the normal gait is seriously disturbed. This stim 
ulation is termed functional electrical stimulation ( F. 
E. S.). The purpose is to provide synchronized activa 
tion of one or more tissue groups by electrical pulses so 
that, under the action of a given frequency and a given 
amplitude variation of the current, the normal muscle 
stimulus for an important phase of the locomotive pat 
tern is approached and a locomotive pattern is ob 
tained which substantially corresponds with the normal 
pattern. 

Effective activation of muscles or muscular groups by 
electrical pulses for walking so as to approach the natu 
ral function of the muscles depends primarily upon the 
instant of beginning and upon the duration of the acti 
vation. A possibility of ensuring synchronized activa 
tion resides in processing a signal derived from a nor 
mally operating muscular tissue by means of electronic 
circuitry. This signal is applied with a given delay to the 
muscular tissue to be stimulated, which requires an ac 
curate adjustment and a correct choice of the place 
where the signal has to be taken. A simpler system 
comprises a stimulator actuated by a switch arranged 
in the heel of a shoe. When the body weight bears on 
the foot there is no activation and the leg is distended. 
No activation is required for the time the foot is on the 
ground. By lifting the foot the activating pulses are ini 
tiated. 

In practice, the use of a switch in the heel of the shoe 
has proven that the obtainable locomotive pattern is 
useful, it is true, but it exhibits deviations from the nat 
ural locomotive pattern which seriously impede the pa 
tient's adaptation to the locomotion stimulus. Acquir 
ing a new locomotive pattern may give rise to balance 
disturbance. A switch arranged in the heel of the shoe 
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is switched on and off at an advanced instant by the dis 
placement of the body weight. 
The invention has for an object to avoid these disad 

vantages and relates to an electro-therapeutical appa 
ratus for applying electrical activation currents to mus 
cular or nervous tissues for stimulating locomotion and 
is based on the condition that correct actuation of the 
activation currents should be achieved when the body 
weight is displaced from one foot to the other. Accord 
ing to the invention an air-filled chamber is provided 
beneath the foot-sole where the ball of the foot bears 
on the sole of the shoe. This chamber actuates pneu 
matically an electric switch, which is part of an electric 
pulse generator, by means of the pressure variations 
produced by the displacement of the body weight. The 
pressure variations produced in the air chamber affect 
a movable partition, the displacements of which open 
or close the contacts of a micro-switch. By using an air 
hose between the air chamber and the movable parti 
tion the micro-switch may be arranged at any place 
outside the shoe. There may be used a shoe having two 
soles, between which the air chamber is arranged. This 
requires a special shoe structure. It is simpler to pro 
vide a separate sole comprising two layers between 
which the air chamber is located, which sole can be put 
into any shoe and may be employed over again. For the 
pneumatic actuation of the switch the air chamber may 
communicate with the movable partition by means of 
a flexible hollow tube. 
The invention will now be described in greater detail 

with reference to the accompanying drawing which 
shows a preferred embodiment of the invention in 
which: . . . 

FIG. 1 shows a shoe suitable for use with the appara 
tus according to the invention. 
FIG. 2 shows the required parts of the apparatus in 

a practical arrangement. 
FIG. 3 shows another embodiment of the inven 

tion, and 
FIG. 4 shows a further, embodiment of the in 

vention. - 

Between a rigid inner sole 1 of a shoe 2 and the bot 
tom sole 3 an air chamber 4 is formed. The volume 
thereof must not be affected by foot motions not asso 
ciated with the locomotive pattern so that the rigidity 
of the inner sole 1 has to be such that external pressure 
is prevented from varying said volume. Therefore, the 
bottom sole 3 has to be slightly flexible to provide the 
volume variations of the enclosed chamber 4 when the 
body weight bears on the sole. The conventional high 
rigidity of the heel 5 permits of making a space 6 
therein for accommodating the micro-switch 7. The 
control-pin 8 of the micro-switch 7 is connected with 
a diaphragm 9, one side of which is in contact with the 
air chamber 4 through the air channel 10 extending in 
a recess of the double sole. The channel may be formed 
by a thin rubber hose. The air chamber 4 may be 
formed by an envelope of plastic material arranged in 
the space between the two soles. 
When the foot is in contact with the ground, the bot 

tom sole 3 bending under the weight of the body com 
presses the air in the chamber 4 and the diaphragm 9 
reponds to the propagation of this pressure so that the 
micro-switch 7 interrupts the activation current. When 
the foot is lifted, the air-chamber 4 resumes its initial 
shape so that the micro-switch 7 switches on the activa 
tion current for stimulating the subsequent displace 
ment of the foot. 
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Of the parts of the apparatus shown in FIG. 2, the 
transistorized pulse generator 11 is carried in the 
pocket of the jacket or in a shoulder bag or preferably 
fastened by a belt to the hip. Connecting wires 12 for 
the switch may be passed along the leg 13 and an active 
electrode 14 and a counter-electrode 15 are connected 
by conductors 16 to the output of the pulse generator 
11. By means of adhesive plaster or other suitable fas 
tening means the electrodes 14 and 15 are stuck to 
places on the leg most suitable for a most effective mus 
cular stimulation by the activation currents. 

It is not necessary to arrange the control-means of 
the stimulator beneath the foot of the leg to be acti 
vated. The activation currents may also be controlled 
by air pressure means placed beneath the foot of the 
sound leg, as shown in FIG. 4 if the stimulator is 
provided with means with the aid of which the 
rhythmical production of the activation pulses is 
adjustable with respect to opening and closing of the 
switch in a manner such that the functional stimula 
tion is brought about by the rhythmical motions of 
the sound leg. 
What is claimed is: 
1. An electro-therapeutic apparatus for electrically 

stimulating the muscular or nervous tissues in a leg 
which has inadequate neurological control to obtain 
normal locomotion comprising, means for generating 
activation currents that are switched on and off by the 
change-over of the body weight from one foot to the 
other, an electric switch connected to said current gen 
erating means, an air-filled chamber having a flexible 
wall and adapted to be located beneath the foot-sole at 
the point where the ball of the foot is in contact with 
the sole of a shoe, pneumatic coupling means coupling 
the air chamber to the switch for providing pneumatic 
actuation of the electric switch in response to the in 
crease and decrease in pressure produced by the dis 
placement of the body weight on the ball of the foot 
during walking, a pair of electrodes adapted to be 
placed in contact with the leg muscles to be stimulated, 
and means connecting said electrodes to the output of 
said current generating means. 

2. An apparatus as claimed in claim 1 further com 
prising a movable partition member mechanically cou 
pled to the switch and to said pneumatic coupling 
means so that displacement of the partition member 
due to air pressure variations in the air-filled chamber 
will open or close the contacts of said electric switch, 
and wherein the air-filled chamber is adapted to be in 
cluded in the sole of the shoe. 

3. An apparatus as claimed in claim 2 further com 
prising a shoe with a recess in the heel and wherein the 
switch comprises a micro-switch, said microswitch with 
the movable partition member being arranged in said 
recess in the heel of the shoe, and said pneumatic cou 
pling means includes an air channel in the sole of said 
shoe for establishing pneumatic communication be 
tween the air chamber in the shoe sole and the movable 
partition member in the heel recess. 

4. Apparatus as claimed in claim 2 wherein said 
pneumatic coupling means includes a thin flexible hose 
and said partition member comprises a flexible dia 
phragm one side of which communicates with the air 
chamber via said thin flexible hose, and wherein said 
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air chamber includes an envelope of plastic material 
adapted to be located in a recess provided in the shoe. 

5. An apparatus as claimed in claim 1 wherein the air 
chamber comprises two layers of flexible material 
forming together a separate sole with said air chamber 
therebetween and adapted to be located inside the shoe 
in the area where the ball of the foot contacts the shoe. 
6. An apparatus as claimed in claim 5 further com 

prising a movable partition member mechanically cou 
pled to the switch and said pneumatic coupling means 
includes a flexible hollow tube, and characterized in 
that for pneumatic actuation of the switch the air 
chamber communicates with the movable partition 
member by means of said flexible hollow tube so that 
the displacements of the movable partition member 
open and close the contacts of the switch. 

7. An apparatus as claimed in claim 1 wherein the 
air-filled chamber is adapted to be located beneath the 
ball of the foot of the normal leg so that the electric 
switch is actuated in response to the change in pressure 
produced by the displacement of the body weight on 
the ball of the foot of the normal leg. 

8. A therapeutic apparatus for electrically stimulat 
ing the nerve tissues controlling the muscles in a leg 
having inadequate neurological control in order to ob 
tain a normal walking pattern comprising, means for 
generating activation current pulses, an air-filled cham 
ber having a flexible wall and adapted to be located be 
neath the ball of the foot of the sound leg, pneumatic 
coupling means coupling the air chamber to the pulse 
generating means for periodically actuating said pulse 
generating means in response to the change in pressure 
in the air chamber produced by the displacement of the 
body weight on the ball of the sound foot during walk 
ing, a pair of electrodes adapted to be placed over said 
nerve tissues on the defective leg, and means connect 
ing said electrodes to the output of said pulse generat 
ing means. 

9. Apparatus as claimed in claim 8 wherein the air 
chamber comprises a separate shoe sole including at 
least one layer of flexible material, said separate shoe 
sole being adapted to be located within a shoe in the 
area where the ball of the foot normally contacts the 
shoe, and wherein said pneumatic coupling means 
comprises a thin flexible tube coupling the air chamber 
to the pulse generating means. 

10. Apparatus as claimed in claim 8 wherein said 
pulse generating means further comprises a micro 
switch actuated by the pneumatic coupling means. 

11. A method of electrically stimulating the muscles 
of a human leg under abnormal neurological control in 
order to produce a normal walking pattern comprising, 
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attaching electrode means to a part of the abnormal leg 
to be stimulated, connecting a source of electric energy 
to the electrode means, placing an air-filled chamber 
under the ball part of the foot of the normal leg, and 
pneumatically coupling the air chamber to an electric 
switch connected to said energy source in a manner to 
provide pneumatic actuation of the switch and hence 
the energy source in response to the change in pressure 
produced by the displacement of the body weight on 
the ball of the normal foot during walking. 
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