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1
ELECTRICAL STIMULATION ELECTRODE

This application is a continuation-in-part of U.S. pa-
tent application Ser. No. 745,018, filed June 14, 1985,
now U.S. Pat. No. 4,722,354, issued Feb. 2, 1988.

The present invention generally relates to electrodes
and, more particularly to electrodes suitable for trans-
cutaneous nerve and/or muscle stimulation.

Continued development of electrical medical devices
has produced a need for a variety of electrodes.

Although many of these electrodes have, as a design
objective, good electrical signal transmission between a
patient’s skin surface and electrical leads interconnected
with a device, each has specific requirements dependent
upon the type of apparatus for which it is to be used.

As an example, electrocardiograph (EKG) and elec-
troencephalograph (EEG) machines are primarily mon-
itoring type devices which require small contact sur-
faces, or area, with the patient’s skin.

On the other hand, transcutaneous electric nerve
stimulation (TENS), and muscle stimulation devices
require relatively large skin surface contact to effect
such nerve and muscle stimulation.

Transcutaneous electrical nerve stimulation is useful,
for example, in post-operative and chronic pane con-
trol, while muscle stimulation is useful, for example, in
maintaining and development of muscle tissue. Elec-
trodes suitable for use in nerve and muscle stimulation
preferably provide a uniform electrical coupling across
the skin electrode interface.

As hereinbefore noted, electrodes suitable for nerve
and/or muscle stimulation may be relatively large hav-
ing dimensions of several inches or more.

Because nerve and/or muscle stimulation causes mus-
cle contraction, a considerable amount of skin move-
ment is associated therewith.

Additionally, perspiration from the skin is more likely
to loosen or disrupt the electrode because of its large
size. As should be apparent, the larger the electrode, the
longer the evaporation path, or distance, the perspira-
tion occurring at the center regions of the electrode
must travel in order to evaporate, or be released to the
atmosphere.

It has been found that prior art electrodes which have
been secured to the surface of a patient’s skin with medi-
cal adhesive tape, or the like, have a tendency to lift off
from the skin because of perspiration and movement of
the patient’s skin during treatment.

Because an electrode suitable for nerve and/or mus-
cle stimulation must provide for an electrical signal to
be distributed over the entire surface of the elecrtrode,
the electrode must necessarily be conductive.

Prior art electrodes have utilized a number of con-
ductive elements, such as carbon impregnated rubber
and vinyl, as well as metallic foils.

However, a useful electrode must be flexible in order
to accommodate relative movement of the patient’s skin
therebeneath, as hereinabove-described.

Because nerve and muscle stimulation electrodes may
be utilized over along period of time, as may be neces-
sary in connection with sports injuries, the electrode
must be compatible with the skin and flex therewith.

Insufficient flexing of the electrode can result in se-
vere irritation of the patient’s skin and electrical “hot
spots” due to uneven electrode-skin contact, which
manifests itself in a rash and a burning sensation.
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The sensation of burning may be sensed by the patient
within a few minutes after application of electrical sig-
nals during nerve and/or muscle stimulation, while the
rash conditions generally take a longer period of time to
develop.

It has been found that the use of prior art electrodes
in nerve and/or muscle stimulation results in a skin rash
in up to 25% to 35% of the people undergoing treat-
ment.

An additional problem associated with the necessary
stretchability of electrodes utilized in nerve and/or
muscle stimulation procedures is that while the elec-
trode must be able to flex, or stretch, in order to accom-
modate skin movement during treatment, the conduc-
tivity of the electrode should not be interrupted, or
distorted, due to the stretching of the electrode.

Prior art electrodes have comprised the flexibilty of
the electrode in an effort to provide uniform current
densities over the entire contact area of the electrode.
These electrodes typically utilize a metallic mesh, or
foil, to provide contactivity of the electrode and utilize
a conductive gel between the electrode and the patient’s
skin in order to accommodate movement therebetween.

There is, however, relative movement between the
relatively rigid electrode and the skin, which is accom-
modated for by the gel. This relative movement often-
times causes the gel to move from beneath the conduc-
tive portion of the electrode, thereby limiting the useful
life of the electrode on the skin.

In addition, this relative motion between the skin and
the electrode does not provide for the maintenance of
the position of the electrode relative to the nerve and-
/or muscle being stimulated.

Precision positioning of the electrode is, of course,

. performed by a physician, or the like, knowledgeable in

the treatment method. Inaccurate placement of the
electrode, or slipping of the electrode from its intended
position, may significantly reduce the beneficial effects
of the treatment.

Hence, there is a need for a flexible electrode for use
with electrical stimulation devices which adheres well
to the patient’s skin, is easily removed therefrom, and is
able to move with the patient’s skin in order to ensure
proper continuous placement of the electrode relative
to nerve or muscle tissue being stimulated, as well as
providing long-term continuous electrical connection
therewith without irritation of the skin or discomfort to
the patient under treatment. The electrode of the pres-
ent invention fulfills these needs.

SUMMARY OF THE INVENTION

A flexible transcutaneous electrical nerve and/or
muscle stimulation electrode in accordance with the
present invention includes a conductive fabric compris-

. ing an array of conductive fibers with interstitial areas
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therebetween.

Flexible conductive adhesive means are provided and

disposed within the interstitial areas and on one side of
the conductive fabric for adhering the flexible transcu-
taneous electrical nerve and/or muscle stimulation elec-
trode to the skin of the patient and providing an electri-
cal conducting contact therebetween.
" Interconnection with an electrical stimulation device
is provided by means of an electrical lead wire, which is
interconnected with the conductive fiber and adapted
for interconnection with the electrical stimulation de-
vice.

Ex. $S 1010, p. 3
Smart Solutions



4,867,166

3

A non-conductive sheet is disposed on the other side
of the conductive fabric for preventing undesired elec-
trical contact therewith.

More particularly, the conductive fabric may com-
prise woven conductive fibers which enables the con-
ductive fabric to be stretched up to 20 percent greater
than the original conductive fabric dimensions in the
direction of stretch. Alternatively, the conductive fab-
ric may comprise a honeycomb latch needle knit which
is capable of being stretched up to about 100 percent
greater than a first original conductive fabric dimension
and capable of being stretched up to about 20 percent
greater than a second original conductive fabric dimen-
sion.

Utilization of this knit enables significant stretching
of the electrode without a decrease in the conductivity
of the fabric. The resulting flexible transcutaneous elec-
trical nerve and/or muscle stimulation electrode has

more stretch in one direction than in an opposite or- .

thogonal direction; however, during use, the primary
motion of the skin beneath the electrode as a result of a
nerve and/or muscle stimulation is, in one direction,
along which the primary stretch direction of the elec-
trode is aliged.

Conductivity of the conductive fabric is provided by
the conductive fiber which may include a blend of stain-
less steel and polyester, with the stainless comprising
about 20 percent by weight of the result in fiber and the
polyester comprising about 80 percent by weight of the
conductive fiber.

The non-conductive sheet may be any suitable
stretchable plastic, which is held against the conductive
fabric by means of a pressure sensitive adhesive.

The non-conductive sheet and the pressure sensitive
adhesive are also operative for holding the electrical
wire lead against the conductive fabric to provide elec-
trical contact therebtween. This contact is enhanced by
utilizing a stranded electrical lead wire, which may be
stainless steel, and fraying an end portion thereof to
thereby provide greater contact area between the elec-
trical lead and the conductive fabric.

DESCRIPTION OF THE DRAWINGS

The advantages and features of the present invention
will be better understood by the following description
and drawings in which:

FIG. 1is a perspective view of a flexible transcutane-
ous electrical nerve and/or muscle stimulation elec-
trode in accordance with the present invention showing
its disposition on a patient’s skin;

FIG. 2 is a perspective view of the stimulation elec-
trode with a portion of a non-conductive sheet thereof
peeled back to show an electrical lead wire therein;

FIG. 3 is a cross-sectional view of the transcutaneous
electrical nerve and/or muscle stimulation electrode
generally showing conductive fabric, a flexible conduc-
tive adhesive, electrical lead wire, non-conductive sheet
and a pressure sensitive adhesive;

FIG. 4 is an enlarged view of the conductive fabric
utilized in the present invention generally showing a
honeycomb latch needle knit;

FIG. 5 is an illustration of the conductive fabric uti-
lized in the present invention stretched in a transverse
direction; :

FIG. 6 is an illustration of the conductive fabric uti-
lized in the present invention stretched in a longitudinal
" direction; and
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4
FIG. 7 is an illustration of woven conductive fabric
suitable for use in the present invention.

DETAILED DESCRIPTION

Turning now to FIGS. 1 and 2, there is shown, in
perspective view, a flexible transcutaneous electrical
nerve and/or muscle stimulation electrode 10 in accor-
dance with the present invention.

As shown in FIG. 1 and hereinafter described in
greater detail, the electrode 10 is flexible in two direc-
tions, as indicated by arrows 14, 16, while in place on a
patient’s limb 20, or body, not shown. As more clearly
shown in FIG. 3, the electrode 10 includes a stretchable
conductive fabric 22, flexible conductive adhesive 24,
which is disposed on one side 28 of the conductive
fabric 22 for adhering the flexible transcutaneous elec-
trical nerve and/or muscle stimulation electrode 10 to
the skin of a patient (not shown in FIG. 3) and electrical
lead wire 30 interconnected with the conductive fabric
22 as hereinafter described, for providing electrical
signals to the conductive fabric 22 when interconnected
with an electrical stimulation device, not shown, by
means of a connector 34, or the like.

In addition, a non-conductive sheet, such as a flexible
plastic 32 disposed on another side 36 of the conductive
fabric 22 by means of a pressure sensitive adhesive 38,
provides means for preventing undesired electrical
contact with the conductive fabric 22, as may occur
during wearing of the device.

It should be appreciated that the conductive fabric 22
must be insulated from outside objects and other areas
of the patient’s skin in order to preferentially couple
electrical signals into: the patient’s body where pre-
scribed by an attending physician.

It has been found that a knit fabric, preferably a one-
quarter-inch honeycomb latch needle knit fabric, as
depicted in FIG. 4, provides for a fabric which may be
stretched up to about 100 percent greater than a first
original conductive fiber dimension in the direction of
stretch, see arrow 40 and FIG. 5, and up to about 20
percent greater than a second original fabric dimension
in a second direction of stretch, see arrow 42 and FIG.
6, without loss of conductivity of the fabric. Knits of
this nature are commercially available from knitters,
such as, for example, Paragon West Knitting Mill in
Anaheim Hills, Calif.

Woven fabrics, such as illustrated in FIG. 7, are also
suitable if less stretch is required, as may be the case
when the electrode is utilized on less curvature portions
of the body, such as the back. ’

The conductivity of the fabric is provided by the
individual conductive fibers 46. It has been found that a
conductive fiber No. BK50/2 manufactured by Bakaert
of Belgium, which includes a blend of 20 percent 316
stainless steel and 80 percent of polyester when latch
needle honeycomb knitted to a density of about 2.5
pounds per square yard, produces a conductive double-
stretch knit which is particularly suitable for transcuta-
neous nerve and/or muscle stimulation electrodes.

The double-stretch nature of the knit fabric, when
incorporated into the electrode of the present invention,
as hereindescribed, provides for an electrode which is
contourable to the shape of a patient’s body or limb.

This is particularly important with relatively large
stimulation/electrodes in accordance with the present
invention. The electrode 10 may have dimensions in the
range of, for example, 2 inches by 3 inches, hence, the
electrode must be “fitted” by stretching of the electrode
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10 to the skin 20 of a patient in order to provide a uni-
form contact therebetween.

It is particularly important that the electrode 10 and,
of course, the conductive fabric 22, do not degrade
during constant and repetitious movement and stretch-
ing thereof, as the electrical signals activate muscles and
nerves within the patient’s body which result in contin-
ued movement, or contraction, of the skin. Because the
conductive fabric is a loose knit, stretching thereof does
not deteriorate any of the conductive fibers therein to

any substantial degree, thus causing loss of conductivity

of the electrode.

In order to be effective in transmitting electrical sig-
nals to the patient’s skin 20, the electrode 10 utilizes a
conductive adhesive 24, such as one manufactured by
Valley Lab, Inc., of Boulder, Colo., under the name
Polyhesive, this proprietary product is useful in a2 num-
ber of electrode applications and has the advantage of
being flexible so that it will move with the conductive
fabric without losing contact with the patient’s skin, or
interrupting the electrical signals transmitted there-
through.

In the manufacture of the electrode 10, the conduc-
tive adhesive 24 is poured onto the surface 28 in a liquid
form, whereupon it fills the interstitial areas 50 of the
conductive fabric 22.

Thereafter, the adhesive is set into a gel-like material,
which has good adhesion to the patient’s skin, and is
releasable therefrom without the annoyance of hair-
pulling and the like. The conductive adhesive 24 is
commercially available and is compatible with the skin
in that it produces no irritation thereof.

Because the Polyhesive conductive adhesive 24 is in
itself flexible, it does stretch with the conductive fabric
between the interstitial areas 50 defined by the fibers 46.

Turning to FIGS. 2 and 3, the non-conductive plastic,
or backing layer, 32 is adhered to the other side 36 of
the conductive fabric 22, and both the backing layer and
the pressure sensitive adhesive 38 hold the lead wire 30
in physical and electrical contact with the conductive
fabric. In order to enhance contact therebetewen, the
conductive lead 30, which may be stranded stainless
steel, has an end portion 54 which is frayed and spread
apart slightly.

In manufacture, the conductive lead is placed on the
conductive fabric 22 for a distance of about one-third
the length thereof. Thereafter, the backing layer 32,
with adhesive 36 applied thereto, may be firmly placed
over the frayed portion 54 and bonded by pressure
applied thereto.

This relatively simple method of contacting the lead
wire 30 with the conductive fabric 22 enables some
movement therebetween as the conductive fiber and
electrode stretch.

It should be appreciated that stretching along the
direction 40, the major direction of stretch, may stretch
the frayed strands 58 apart from one another, thus re-
ducing the relative motion between the frayed end of 54
and the conductive fiber 22.

Because the conductive adhesive 24 is subject to
drying, a release liner 60 may be provided for storage of
the electrode before and after use. This liner may be of
any suitable plastic, or silicon-coated paper, which is
strippable from the conductive adhesive 24 without
disturbing the integrity of the conductive adhesive.

Although there has been hereinabove-described a
specific arrangement of a flexible transcutaneous elec-
trical nerve and/or muscle stimulation electrode in
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accordance with the invention for the purpose of illus-
trating the manner in which the invention may be used
to advantage, it will be appreciated that the invention is
not limited thereto. Accordingly, any and all modifica-
tions, variations, or equivalent arrangements which may
occur to those skilled in the art, should be considered to
be within the scope of the invention as defined in the
appended claims.

What is claimed is:

1. A flexible transcutaneous electrical nerve and/or
muscle stimulation electrode comprising:

a conductive fabric comprising conductive fiber
means for both enabling the conductive fabric to be
stretched, and for directly coupling electrical sig-
nals to a patient’s skin, said conductive fabric com-
prising an array of conductive fibers with intersti-
tial areas therebetween;

flexible solid conductive adhesive means disposed
within said interstitial areas and on one side of said
conductive fabric for both adhering the flexible
transcutaneous electrical nerve and/or muscle
stimulation electrode to the skin of a patient and
providing an electrical conducting contact there-
between; .

electrical lead wire means interconnected with said
conductive fabric and adapted for interconnection
with an electrical stimulation device for providing
electrical signals to said conductive fabric; and,

non-conductive sheet means disposed on another side
of said conductive fabric for preventing undesired
electrical contact with the conductive fabric.

2. The flexible transcutaneous electrical nerve and/or
muscle stimulation electrode according to claim 1
wherein the conductive fiber means comprises woven
conductive fibers and said flexible solid adhesive means
comprises a material of sufficient flexibility to stretch
within the interstitial areas and along the one side of the
conductive fabric to enable the conductive fabric to be
stretched without the flexible solid adhesive means
separating from the conductive fibers.

3. The flexible transcutaneous electrical nerve and/or
muscle stimulation electrode according to claim 2
wherein said conductive fiber comprises a blend of
stainless steel and polyester.

4. The flexible transcutaneous electrical nerve and/or
muscle stimulation electrode according to claim 3
wherein the conductive fiber comprises about 20 per-
cent by weight stainless steel and about 80 percent by
weight polyester.

5. The flexible transcutaneous electrical nerve and/or
muscle stimulation electrode according to claim 2 fur-
ther comprising pressure sensitive adhesive means for
holding said non-conductive sheet means to the conduc-
tive fabric and for contacting the electrical lead wire
means with the conductive fabric.

6. The flexible transcutaneous electrical nerve and/or
muscle stimulation electrode according to claim 5
wherein the electrical lead wire comprises stranded
stainless steel and the non-conductive sheet means and
pressure sensitive adhesive means support a portion of
the stranded stainless steel against and along the length
of the conductive fabric for a distance of about one-
third the length of conductive fabric.

7. The flexible transcutaneous electrical nerve and/or
muscle stimulation electrode according to claim 6
wherein the electrical lead wire portion in contact with
the conductive fabric is frayed into individual strands
and disposed so that stretching of the conductive fabric
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causes the frayed individual strands to separate and
move with the conductive fabric.
8. A flexible transcutaneous electrical nerve and/or
muscle stimulation electrode comprising:
a conductive fabric means comprising woven con-

ductive fibers with interstitial areas therebetween -

for directly coupling electrical signals to a patient’s
skin;
flexible solid conductive adhesive means disposed
within said interstitial areas and on one side of said
conductive fabric for both adhering the flexible
transcutaneous electrical nerve and/or muscle
stimulation electrode to the skin of a patient and for
directly coupling electrical signals to the patient’s
skin;
electrical lead wire means interconnected with said
conductive fabric and adapted for interconnection
with an electrical stimulation device for providing
electrical signals to said conductive fabric means,
said electrical lead wire means comprising stranded
wire having a portion thereof frayed for increased
contact with said conductive fabric means;
non-conductive flexible plastic means disposed on
another side of said conductive fabric means for
preventing undesired electrical contact with the
conductive fabric means; and
pressure sensitive adhesive means for holding said
non-conductive flexible plastic means and said
electrical lead wire means to the conductive fabric
means. .
9. The flexible transcutaneous electrical nerve and/or
muscle stimulation electrode according to claim 8
wherein said flexible solid adhesive means comprises a
gel material of sufficient flexibility to stretch within the
interstitial areas, without the flexible solid adhesive
means separating from the conductive fibers.
10. The flexible transcutaneous electrical nerve and-
/or muscle stimulation electrode according to claim 9

10

20

25

30

35

40

45

50

55

60

65

8
wherein said conductive fiber comprises a blend of
stainless steel and polyester.

11. The flexible transcutaneous electrical nerve and-
/or muscle stimulation electrode according to claim 10
wherein the conductive fiber comprises about 20 per-
cent by weight stainless steel and about 80 percent by
weight polyester.

12. A flexible transcutaneous electrical nerve and/or
muscle stimulation electrode comprising:

a conductive fabric comprising conductive fiber
means for both enabling the conductive fabric to be
stretched up to at least about 20 percent greater
than the original conductive fabric dimension in
the direction of stretch and for directly coupling
electrical signals to a patient’s skin; said conductive
fiber means comprising an array of woven conduc-
tive fibers with interstitial areas therebetween;

flexible conductive adhesive means disposed within
said interstitial areas and on one side of said con-
ductive fabric for both adhering the flexible trans-
cutaneous electrical nerve and/or muscle stimula-
tion electrode to the skin of a patient and for di-
rectly coupling electrical signals to the patient’s
skin;

electrical lead wire means interconnected with said
conductive fabric and adapted for interconnection
with an electrical stimulation device for providing
electrical signals to said conductive fabric, said
electrical lead wire means being frayed into indi-
vidual strands and disposed so that stretching of the
conductive fabric causes the frayed individual
strands to separate and move with the conductive
fabric;

non-conductive sheet means disposed on another side
of said conductive fabric for preventing undesired

electrical contact with the conductive fabric.
* % * * *
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