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57 ABSTRACT 

A relatively thin and flexible strip of inert plastic hav 
ing electrodes and lead wires encapsulated therein is 
provided for implantation about a single nerve so that 
electrical stimuli may be applied thereto. 

26 Claims, 13 Drawing Figures 
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IMPLANTABLE NERVESTIMULATION 
ELECTRODE 

This is a continuation, of application Ser. No. 46,085 
filed June 15, 1970, now abandoned. 
This invention relates generally to the medical arts 

and more particularly to an improved device for elec 
trically stimulating a single nerve. 

BACKGROUND OF THE INVENTION 
There are many different types of therapy that re 

quire surgical procedures wherein electrodes are im 
plated in the body for stimulating a selected nerve. Pain 
inhibition is an example of application wherein devices 
of the type that will subsequently be described are a 
particularly advantageous tool. A source of power elec 
trically coupled to the electrode may also be implanted 
or an external source of power may be utilized. Regard 
less of the techniques that are used, it is absolutely es 
sential that the body be able to tolerate the foreign ob 
ject for extended periods of time. 

U.S. Pat. No. 3,421,511, granted on June 14, 1969, 
to S. I. Schwartz et al. discloses the general type of de 
vice to which the present application is directed. A pair 
of arcuately formed electrodes are encapsulated within 
the relatively large block of an inert plastic. The nerve 
to be stimulated is deposited in the arcuate electrodes 
and an integral plastic flap is folded over the exposed 
nerve. Coiled lead wires that are similarly encased by 
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the inert plastic couple the electrodes to a source of 30 
electrical signal energy. 
While the foregoing patent does make a substantial 

contribution to the arts it still has some inherent short 
comings that limit its application. For example, the 
mass in which the electrodes are imbedded is relatively 
large. Accordingly, it is very difficult for the surgeon to 
slip the mass underneath the isolated nerve without in 
troducing trauma. In practice it has been recognized 
that manipulation will inevitably result in trauma to the 
nerve. In some procedures the surgeon actually shakes 
the exposed nerve to induce trauma and thereby cancel 
out the effect of neuralgia. 
Another serious shortcoming of the prior art device 

is the use of electrodes formed in an arcuate shape in 
transverse cross-section. Generally speaking many 
nerves are oval in transverse cross-section and not cir 
cular. Thus, in addition to requiring a more bulky mass 
for support purposes, the prior art structure may very 
well induce trauma by forcing the nerve to conform to 
the arcuate shape of the electrode. In this connection 
it will also be pointed out hereinafter that the prior art 
does not provide sufficient space about the nerve in the 
vicinity of the electrodes to permit the flow and circula 
tion of nutrient bearing fluids. 
The present invention overcomes the shortcomings 

of the prior artin a very efficient manner. A pair of sub 
stantially flat electrodes are secured to a surface of a 
relatively thin strip of a Dacron mesh reinforced sili 
cone rubber strip. Each of the electrodes are coupled 
to a thin, flexible metallic lead wire that is similarly in 
sulated and inert to body fluids and tissues. Using a 
suitable tool, the surgeon need only lift the nerve suffi 
ciently to clear the thickness of the strip which is then 
deposited underneath the nerve with one of the elec 
trodes in opposition thereto. The strip is then folded 
over the nerve so that the other electrode also makes 
light contact with the nerve and then the strip is sutured 
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in place. Tabs may also be provided on the strip to fa 
cilitate handling thereof during surgery. 

it will be appreciated that, because the strip is rela 
tively thin, the nerve is not likely to experience trauma 
due to excessive handling thereof. In addition, because 
the electrodes are substantially flat, they cannot distort 
the nerve. The combination of flat electrode means and 
a thin, flexible support therefor does not inhibit the 
normal flow of nutrients over the nerve. Provision of 
handling tabs also simplifies the surgical procedure. 
Accordingly, it is a primary object of the present in 

vention to provide an improved, implantable device for 
stimulating a single nerve by means of electricity. 

It is an important object of this invention to provide 
an implantable device, as described above, having a 
substantially reduced bulk, as compared to the prior 
art. 
Another object of this invention is to provide an im 

plantable device, as described above, comprising a rel 
atively thin, folded strip made of a material that is inert 
to body fluids and tissues wherein substantially flat 
electrode means are formed on a surface of the strip. 
An advantage of this invention is that implantable 

strip described above may be slipped under and then 
secured by suture means about a single nerve without 
inducing a trauma therein. 
A feature of this invention is the usage of thin, flexi 

ble wire leads encapsulated in insulating plastic mem 
bers that are inert to body fluids and tissues. 
These and other objects, features and advantages of 

the invention will, in part, be pointed out with particu 
larity and will, in part, become obvious from the follow 
ing more detailed description of the invention, taken in 
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conjunction with the accompanying drawing which 
forms an integral part thereof. 

DESCRIPTION OF THE DRAWING 

In the drawing: 
FIG. 1 is a transverse, cross-sectional elevational 

view of one embodiment of the prior art; 
FIG. 2 is a transverse, cross-sectional elevational 

view of another embodiment of the prior art; 
FIG. 3 is a perspective view of the present invention; 
FIG. 4 is a developed, perspective view of one em 

bodiment of this invention; 
FIG. 5 is a schematic view illustrating positioning of 

the present invention beneath a single nerve; 
FIG. 6 is another schematic view illustrating the pres 

ent invention positioned about a single nerve; 
FIG. 7 is an enlarged transverse cross-sectional view, 

partially schematic of the present invention; 
FIG. 8 is a pictorial view showing the device of FIG. 

4 wrapped about a nerve; 
FIG.9 is a view similar to FIG. 8 showing an alterna 

tive lead arrangement; 
FIG. 10 is a plan view of a contact member; 
FIG. 11 is a vertical section taken along line 11-11 

of FIG. 10; 
FIG. 12 is a top plan view showing the button of FIG. 

10 assembled to a plastic member; and 
FIG. 13 is a side elevational view of the assembly 

shown in FIG. 12. 
The present invention can best be appreciated by a 

discussion of and a comparison with the prior art as 
represented by FIG. 1 and FIG. 2. The implant 10 is 
comprised of a relatively large mass 12 of an inert plas 
tic material. Electrode 14 are molded integrally with 
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the plastic mass 12 and conductive leads 16 for cou 
pling the implant 10 to a source of electrical energy are 
secured to one end of each of the electrodes 14. The 
opposite end of each of the electrodes 14 is formed 
with an arcuate recess 18 that is coincidental with a 
notch 20 formed in the lower portion of the plastic 
mass 12. A single nerve N is deposited in the notch 20 
and the electrode recess 18. 

It should be noted that the plastic mass 12 is defined 
by a relatively thin, upper section 12a and a relatively 
thick, lower section 12b, the two sections 12a and 12b 
being joined at one end by an integral hinge 12c. 
Initially the two sections 12a and 12b are side-by-side. 
After the device 10 is implanted and the nerve N is 
properly positioned the upper section 12a is folded 
over the lower section 12b and the two free ends 
thereof are secured to each other by sutures 22. 
The structure 10' shown in FIG. 2 is substantially the 

same as that shown in FIG. 1 except that the plastic 
mass 24 is initially U-shaped in transverse cross-section 
and is defined by upper and lower sections 24a and 
24b, respectively having substantially the same thick 
ness. The sections 24a and 24b are joined to each other 
by integral hinge means 24c. 
The prior art illustrated by FIG. 1 and FIG. 2 has sev 

eral shortcomings. Perhaps the most obvious is the 
sheer bulk of the device. It will be readily apparent that 
because of their thickness it is extremely difficult to slip 
the lower sections 12a and 24a underneath the nerve 
N. In practice it would be necessary to lift the nerve N 
at least sufficiently to clear the lower section 12a or 
24a thus causing severe trauma to the nerve N. 

Still another shortcoming of the illustrated prior art 
is the shape preformed in both the electrode recess and 
the notch 20 formed in the lower sections 12a or 24a. 
Necessarily the nerve N must conform to the pre 
formed shape. However, nerves are not necessarily cir 
cular in transverse cross-section. In fact, in vivo, nerves 
are generally oval in cross-section. This is a condition 
not recognized by the prior art. Thus, either incomplete 
contact will be made between the nerve N and the elec 
trode recess 18 or the nerve N will be crimped thereby 
further inducing trauma. 
By way of contrast, the present invention eliminates 

the aforementioned shortcomings in a very simple, yet 
efficient manner. Turning now particularly to FIG. 3, 
there is shown an implantable electrode 30 comprising 
the present invention. Conductive leads 32, 32' are a 
pair of spaced bundles of fine stainless steel filaments, 
each about 12 microns in diameter. Normally, about 50 
to 450 such filaments are used in a bundle. For delicate 
work, say, in the vicinity of the eye, a lesser number of 
such filaments would be used, say, 60 to 90 filaments. 
The bundles are encapsulated in a physiological, inert 
plastic sheath 34 such as silicone rubber and serve to 
couple the electrode button 44 to a signal utilization 
means 36 similarly encapsulated in an inert plastic ma 
terial that is reinforced with a Dacron mesh 38. Thus 
the entire assembly comprising the electrode 30, the 
sheath 34 and the signal receiving means 36 may be im 
planted in a human being without adverse side effects. 
As shown in FIG. 4, for example, the electrode 30 is 

comprised of a relatively thin strip 40 between 0.009 
inch and 0.025 inch thick made of a material that is 
inert to body tissues and fluids, for example a Dacron 
mesh reinforced silicone rubber of medical grade. The 
central or narrower section 42 of the strip 40 has a pair 
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4 
of conductive electrodes 44 suitably secured on a sur 
face thereof. Platinum has been found to be a satisfac 
tory material for the electrodes 44 which are approxi 
mately 0.005 inch thick. Conductive lead wires 32,32 
couple the electrodes 44 to the signal receiving utiliza 
tion means 36. In the preferred embodiment both ends 
48 of the strip 40 are enlarged to provide a portion for 
the surgeon to grasp with a suitable tool. 
From the foregoing it will be appreciated that only a 

minimum manipulation of the nerve N is required, as 
shown in FIG. 5, in order for the surgeon to slip the 
plastic strip 40 beneath the nerve N. Preferably, the 
electrode assembly 20 is molded in a U-shape with the 
enlarged ends 48 in spaced opposition to each other. 
The strip 40 is flattened prior to insertion, and then, 
when in place, is allowed to assume its original shape 
by its inherent memory so that the ends 48 may be se 
cured to each, such as by sutures (not shown). 
FIG. 7 illustrates an important advantage of this in 

vention. Because the strip 40 is flexible it can readily 
conform to the generally oval shape of the nerve N in 
stead of, as in the prior art, forcing the nerve to con 
form to the shape of the electrode. Further, the thin, 
flexible strip 40 provides spaces 50 on opposite sides of 
the nerve N for the flow of nutrients while still main 
taining a maximum number of nerve fibers in contact 
with the electrodes 44. In this connection, it is impor 
tant to note that only a very light "kissing' contact is 
made between the nerve N and the electrodes 44, 
owing in part to the integral hinge action of the central 
portion 42 of the strip 40. 

In FIG. 8 there is shown covered leads 41, 41' ex 
tending in a direction perpendicular to the nerve N 
while in FIG. 9 the leads 41, 41' secured to the member 
40 extend parallel to the nerve. The surgeon would of 
course choose the arrangement placing the least strain 
on the nerve. The covered leads 41, 41' are cemented 
to the member 40 by a suitable adhesive. It will be 
noted that they enter a common sheath 34. 
The shape of the contact member 44 has been found 

to be important as it is essential to avoid the presence 
of sharp edges which could irritate or cut into the 
nerve. A preferred method of attachment is shown in 
FIGS. 10–13. A dished member 50 is provided with a 
staple 52 welded thereto. The staple, of the same plati 
num alloy as the member 50, is passed through the plas 
tic member 40 and the legs 53 are bent over to secure 
the contact button 50 in place. Prior to this assembly 
the lead 41, 41' of a high tensile strength platinum alloy 
are welded to the staples 52 and passed through an 
opening 54 in member 40. A suitable construction for 
leads 41, 41' is a platinum-tungsten alloy containing, 
say, 15 - 30 percent of tungsten. Typically it may be 
composed of 16 strands each 0.001 inch in diameter 
formed in a braid. The short leads 41, 41', as shown in 
FIGS. 3 and 4 are then welded to the conductive leads 
32 to 32' discussed earlier. 

It is necessary to tailor the electrode size to match the 
nerve to which contact is made. Thus, for a 1 cm. nerve 
an electrode contact button 0.1 inch X 0.075 inch X 
0.008 inch would be satisfactory; while, for a 1 mm. 
nerve a button 0.06 inch X 0.04 inch X 0.04 inch is suit 
able. 
From the foregoing it will be evident that an im 

proved, implantable device has been provided for elec 
trically stimulating a single nerve. The device has sub 
stantially reduced bulk as compared to the prior art 
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structure and permits relatively simple insertion be 
neath a nerve with a minimum of trauma caused 
therein. The substantially flat electrodes which are po 
sitioned on an inert, flexible strip contact the nerve 
very lightly with spaces being provided on opposite 
sides of the nerve for the flow of nutrients thereabout. 
There has been disclosed heretofore the best embodi 

ment of the invention presently contemplated. How 
ever, it is to be understood that various changes and 
modifications may be made thereto without departing 
from the spirit of the invention. 

I claim: 
1. A device implantable in a living body for the elec 

trical stimulation of a single nerve, said device compris 

a relatively thin strip of flexible, electrically insu 
lating material that is inert to body tissues and flu 
ids; 

b. at least two substantially flat, electrically conduc 
tive electrode means secured to a surface of said 
strip, said electrode means comprising cup-shaped 
noble metal members with the edge of said cup 
shaped members bearing against said strip of insu 
lating material; 

... a staple for securing each said electrode means to 
said strip of insulating material, said staple being 
welded to the inside of said respective cup-shaped 
member, said staples having legs crimped against 
the side of said strip of insulating material that is 
opposite to that to which said cup-shaped members 
are secured; 

d. first conductive lead means electrically and physi 
cally coupled to said electrode means and welded 
to said staples, said first conductive lead means 
being of relatively high tensile strength; and 

e. second conductive lead means secured to each said 
high tensile strength first lead means, said second 
conductive lead means comprising bundles of 
stainless steel filaments in the order of twelve mi 
crons diameter, said bundles containing from 50 to 
450 filaments. 

2. The device in accordance with claim 1 wherein 
said electrically insulating strip is molded in a U-shape 
with the ends thereof in spaced confronting relation 
ship, said electrode means being on the inside surface 
of said shaped strip and in spaced opposition to each 
other. 

3. The device in accordance with claim 2 wherein 
said ends of said strip are transversely enlarged with re 
spect to the central portion of said strip. 
4. The device in accordance with claim 2 wherein 

said strip is made of a plastic material that may be 
opened to a flat configuration and which is character 
ized by a built-in memory that will return the strip to 
said U-shaped configuration upon the release of pres 
sure whereby a nerve positioned between the legs of 
said U-shaped strip will be contacted by said electrode 
eas. 
5. The device in accordance with claim 1 wherein 

said insulating material is a silicone rubber composi 
tion. 

6. The device in accordance with claim 5 further 
comprising a material for reinforcing said silicone rub 
ber. 

7. A device adapted to be implanted within a living 
body and in contact with a single nerve for the electri 
cal stimulation thereof, said device comprising: 

5 

O 

5 

25 

35 

40 

45 

50 

55 

60 

65 

6 
a. a relatively non-elastic thin strip of flexible, electri 

cally insulating material that is inert to body fluids 
and tissues, said strip being defined by a central, 
integral hinge section and two spaced apart ends 
contiguous with said central section, said strip 
being molded in a U-shape with the ends thereof in 
spaced confronting relationship; - 

b. at least two substantially flat, electrically conduc 
tive rigid electrode means secured to a surface of 
said strip in the central section thereof, said elec 
trode means being on the inside surface of said 
strip in each leg of said U-shape and in spaced 
apart opposition to each other whereby a very light 
“kissing' contact is made between said electrode 
means and the nerve when said device is em 
planted; and 

c. first conductive lead means electrically and physi 
cally coupled to said electrode means. 

8. The device in accordance with claim 7 wherein 
said ends of said strip are transversely enlarged with re 
spect to said central portion of said strip. 

9. The device in accordance with claim 7 wherein 
said strip is made of a plastic material that may be 
opened to a flat configuration and which is character 
ized by a built-in memory that will return said strip to 
said U-shaped configuration upon the release of pres 
sure whereby a nerve positioned between the legs of 
said U-shaped member will be contacted by said elec 
trode means. 

10. The device in accordance with claim 7 wherein 
said electrode means comprise cup-shaped noble metal 
members with the edge of said cup-shaped members 
bearing against said strip of insulating material. 

11. The device in accordance with claim 7 wherein 
said insulating material is a silicone rubber composi 
tion. 

12. The device in accordance with claim 11 further 
comprising a material for reinforcing said silicone rub 
ber. 

13. The device in accordance with claim 7 further in 
cluding a staple for securing each said electrode means 
to said strip of insulating material, said staples being 
welded to the inside of said respective cup-shaped 
member, said staples having legs crimped against the 
side of said strip of insulating material that is opposite 
to that to which said cup-shaped members are secured. 

14. The device in accordance with claim 13 wherein 
said first conductive lead means is of relatively high 
tensile strength and are welded to said staples. 

15. The device in accordance with claim 14 further 
including second conductive lead means secured to 
each said high tensile strength first lead means, said 
second conductive lead means comprising bundles of 
stainless steel filaments in the order of twelve microns 
in diameter, said bundles containing from 50 to 450 fil 
aments. 

16. The device in accordance with claim 15 further 
including a physiologically inert sheath within which 
said second lead means are secured. 

17. A device adapted to be implanted within a living 
body and in contact with a single nerve for the electri 
cal stimulation thereof, said device comprising: 

a. a relatively non-elastic thin strip of flexible, electri 
cally insulating material that is inert to body fluids 
and tissues, said strip being defined by a central, 
integral hinge section and two spaced apart ends 
contiguous with said central section; 
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b. at least two substantially flat, electrically conduc 
tive rigid electrode means secured to a surface of 
said strip in the central section thereof whereby a 
very light "kissing' contact is made between said 
electrode means and the nerve when said device is 
implanted; and 

c. conductive lead means electrically and physically 
coupled to said electrode means. 

18. The device in accordance with claim 17 wherein 
said strip is molded in a U-shape with the ends thereof 
in spaced confronting relationship, said electrode 
means being on the inside surface of said shaped strip 
in each leg of said U-shape and in spaced opposition to 
each other. 

19. The device in accordance with claim 17 wherein 
said electrode means comprise cup-shaped noble metal 
members with the edge of the cups bearing against said 
strip of insulating material. 
20. The device in accordance with claim 17, wherein 

said insulating material is a silicone rubber composi 
tion. 

21. A device adapted to be implanted within a living 
body and in contact with a single nerve for the electri 
cal stimulation thereof, said device comprising: 

a. relatively thin strip of flexible, electrically insulat 
ing material that is inert to body fluids and tissues, 
said strip being defined by a central section and 
two spaced apart ends contiguous with said central 
section, said strip being molded in a U-shape with 
the ends thereof in spaced confronting relation 
ship; 

b. at least two substantially flat, electrically conduc 
tive cup-shaped noble metal electrode means se 
cured to a surface of said strip in the central section 
thereof, the edge of said cup-shaped members 
bearing against said strip of insulating materials 
said electrode means being on the inside surface of 
said strip in each leg of said U-shape and in spaced 
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8 
opposition to each other; 

c. a staple for securing each said electrode means to 
said strip of insulating material, said staples being 
welded to the inside of said respective cup-shaped 
member, said staples having legs crimped against 
the side of said strip of insulating material that is 
opposite to that to which said cup-shaped members 
are secured; 

d. first conductive lead means of relatively high ten 
sile strength electrically and physically welded to 
said staples; and 

e. second conductive lead means secured to said high 
tensile strength first lead means, said second con 
ductive lead means comprising bundles of stainless 
steel filaments in the order of 12 microns in diame 
ter, said bundles containing from 50 to 450 fila 

ents. 
22. The device in accordance with claim 21 further 

including a physiological inert sheath within which said 
second lead means are secured. 

23. The device in accordance with claim 21 wherein 
said ends of said strip are transversely enlarged with re 
spect to said central portion of said strip. 

24. The device in accordance with claim 21 wherein 
said strip is made of a plastic material that may be 
opened to a flat configuration and which is character 
ized by a built-in memory that will return said strip to 
said U-shaped configuration upon the release of pres 
sure whereby a nerve positioned between the legs of 
said U-shaped member will be contacted by said elec 
trode means. 

25. The device in accordance with claim 21 wherein 
said insulating material is a silicone rubber composi 
tion. 

26. The device in accordance with claim 25 further 
comprising a material for reinforcing said silicone rub 


