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(57) ABSTRACT

A system and method of stimulating a nerve of a patient is
provided. A electro-therapy device is used that includes a
signal generator and two electrodes. The first electrode is
positioned on an epidermis of the patient over the nerve to be
stimulated, The second electrode is positioned on an epider-
mis of the patient at a second location. A The electro-therapy
device is configured to alternately deliver to a first and second
electrode a summation of first and second signals which result
in a therapeutic signal encompassing the nerve of the patient.
The intensity of the first and second signal is adjusted over
time.

20 Claims, 3 Drawing Sheets
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1
NONINVASIVE OR PERCUTANEOUS NERVE
STIMULATION

RELATED APPLICATION

The present application claims priority of provisional
patent application No. 61/809,688 filed Apr. 8, 2013, the
contents of which are incorporated herein in their entirety.

BACKGROUND

Electro-therapy is the application of electrical energy to the
body of a human patient to provide a therapeutic effect. The
therapeutic effects produced by electro-therapy include the
blockage of pain, residual pain relief possibly due to the
release of endorphins or other opiate-like analogs, relief from
headache pain, increase of blood flow, increases in the range
of motion, cartilage regrowth or regeneration, accelerated
bone growth, electronic epidural for childbirth and other ben-

_eficial effects that result from the introduction of a low fre-

quency electric field into tissue beneath the skin. Electro-
therapy as defined by this application does not include

. electro-osmuosis, electroporation, gr iontophoresis, or any

other process in which electrical energy such as an electrical
field or electric currents are used to promote the transdermal
transportation of chemicals or fluids into or out of the body.
Nor does it include electrosurgery. where radiofrequency
electrical energy is used to cut or cauterize {issue.

Blectro-therapy typically includes a non-invasive tech-
nique to introduce the electrical energy into the patient’s
body. Disposable electrodes are placed on the epidermal sur-
face of a patient and coupled to an electric generator. The
generator supplies two or more oscillating or complex mor-
phology electric currents to a patient, with respective selected
electrodes separated from one another on the patient’s body
with a pain site located directly underneath at least one elec-
trode with the majority of the electrle field positioned in a
hemisphere beneath the skin surface on which each electrode
resides. The electric currents have frequencies of at least
about 1 KHz and differing by as little as 1 Hz up to about 250
Hz from each other. A nonlinear action of nerve fiber mem-
branes andfor other electrochemically-active structures or
fluids causes a multiplication of the two independent fre-
quency signals in a volume of tissue surrounding and beneath
each electrode to produce a therapeutic effect in depth. The
mixing yields a disteibution of synthesized sum and differ-
ence frequencies among which is a therapeutic low frequency
equivalent to a beat frequency of the signals.

In order to penetrate the tissue beneath the skin and provide
4 therapeutic effect, electrical signals applied to the body
must overcome the elecirical impedance of the skin. Electri-
cal impedance is a property of the skin that limits the amount
of current that can pass through the skin. The top layer of the
skin, the stratum corneun, is made up of dead skin cells and
contributes to the skin’s high electrical impedance. Dry, intact
skin can have an impedance which exceeds a hundred thou-
sand ohms. Even carefully prepared skin, i.e., where the hair
has been shaved or otherwise removed, where debridement of
devitalized or contaminated tissue has been performed, and
where the skin’s surface has been moisturized, can still have
animpedance of over one thousand ohms. A potentially large
voltage would be necessary to overcome the skin impedance
and drive a therapeutically useful amount of electrical current
at a frequency through body tissues, but the large voltage and
resulting high current density may cause a significant burn at
the surface of the skin. The relatively large amount of energy
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2

required, limits the voltage level that can be applied as well as
the amount of time that a portable generator device powered
by batteries can be used.

It is known in the art that applying electrical energy to the
skin can reduce the impedance of the skin. For example,
Carim et al. discloses in their U.S. Pat. No. 6,032,060 issued
on Feb. 29, 2000 directing electrical energy through a medicat
electrode placed on the skin of the patient in order to electri-
cally condition the skin. The reduction in skin impedance
increases the ability to monitor bioelectric signals and can
reduce the amount of energy necessary for electroporation or
transdermal iontophoresis.

Known devices and systems are designed for sensing elec-
trical signals generated by the body or for delivering pharma-
ceuticals to the body. These devices have physical charactes-
istics and electrical properties that make them suitable for
their intended uses, Thus, while methods and systems fo
penetrate beneath the skin to provide a therapeutic effect are
known, they are generally invasive and difficult to administer.
‘What is needed is a non or minimally invasive method and
system of stimulating a nerve for a therapeutic effect, particu-
larly methods and systems that are compatible with a Bio-
wave® stimulator and electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1aillustraies atop view of an exemplaty percutaneous
electrode array for applying therapeutic electrical energy to a
treatment site in the body of a patient.

FIG. 16 illustrates a side view of an exemplary percutane-
ous electrode array for applying therapeutic electrical energy
to a treatment site in the body of a patient.

FIG. 2 illusirates an exemplary system for nerve stimula-
tion of an exemplary embodiment.

FIG. 3A illustrates an exemplary placement of electrodes
for bilateral sacral nerve stimulation.

FIG. 3B illustrates an exemplary anierior and posterior
placement of electrodes for sactal nerve stimulation.

DETAILED DESCRIPTION

The present disclosure generally relates to methods and
systems of an electro-therapy and more particularly to a
method and system for applying a therapeutic electrical sig-
nal for stimulating a nerve. The method and system described
herein uses Biowave® technology, including a Biowave®
stimulator and Biowave® electrodes (¢.g., noninvagive and/
or percutaneous), The Biowave® array of needles in the per-
cutaneous electrode provides a direct conductive pathway
through the outer layers of skin resulting in an efficient man-
ner for delivering therapeutic electrical energy into the body
of a patient, which is provided by an electro-therapy genera-
tor device. An eleciro-therapy generator device suitable for
the production of such energy is described in U.S. Pat. No,
6,584,358, entitled “Blectro-Therapy Method and Appara-
tus,” to Carter et al., assigned to Biowave® Corporation,
which is hereby incorporated by reference in its entirety for
each of its teachings and embodiments.

Exemplary Biowave® electrodes that are suitable for over-
coming the electrical impedance of the skin are described in
U.8. Pat. No. 6,792,315 to Carter et al., entitled “Blectro
Therapy Method and Apparatus,” and U.S. Pat. No. 7,013,179
to Carter et al, entitled “Percutaneous Electrode Array,” both
assigned to Biowave® Corporation, which are hereby incor-
porated by reference in their entirety for each of their teach-
ings and embodiments. FIGS. 1a and 15 illustrate a top and
side view, respectively, of an exemplary percutaneous elec-
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trode array for applying therapeutic electrical energy to a
treatment site in the body of a patient. The percutaneous
clectrode 100 includes a substrate 110, a plurality of elec-
trodes 120, an adhesion layer 130, and a plurality of voids 140
in substrate 110. Adhesion layer 130 is mounted to a rear side
of substrate 110 and protrudes through voids 140 in substrate
110. Adhesion layer 130 secures the electrode to the patient,
and preferably aids in the conduction of the electrical signal
into the body. Substrate 110 provides support for adhesion
layer 130.

Each electrode 120 may comprise a rectangular parallel-
epiped attached at a proximal end to the substrate. Alterna-
tively, each electrode 120 may comprise a cylinder or cone.
The distal end of either electrode embodiment preferably
further comprises one or more of a rounded triangular and
pointed tip. In one embodiment, the width or diameter W1 of
each electrode is between 20 to 250 micrometers.

The total surface area of the electrodes in the percutaneous
array equals the area of each electrode times the number of
electrodes in coritact with the skin. This area is large enough
to carry the electrical current introduced into the body by the
electro-therapy generator device, while limiting the current
density through the attached skin area. The surface area of
each percutaneous electrode comprises the area of the distal

_ tip of the electrode plus the surface area along both sides of

the effective length of the electrode, L1, i.e. the length that is
inserted into the skin. Preferably, the total percutaneous elec-
trode surface area i$ greater than 0,2 square centimeles.

. In another example, the total electrode surface area is less
than 0.2 square centimeters, but the substrate has a surface
area greater than 14.1 square millimeters. The current con-
ducting area of the substrate in combination with the area of
the electrodes limits the current density to the skin.

The effective contact area of the electrodes is equal to the
total surface area of the electrodes times a reduction factor
(e.g., 56%) that accounts for the electrode element surface
area which comes in contact with the body’s ionic environ-
ment (e.g., 70% of the electrode’s length), and the number of
electrodes that are in contact with the skin (e.g., 80% of the
total number of electrodes in the array). The Food and Drug
Administration (FDA) currently limits the current density for
electro-therapy devices to less than 10 milliamps per square
centimeter of contact area. Several different configurations
can be used in order to achieve the effective contact area Lo
reduce the current density below the FDA limit. One way to
increase the area is to increase the length L1 of each electrode
120 in the percutaneous electrode array, i.e., the length in
contact with the ionic environment of the body, in order to
maximize the area for electrical conduction. The maximum
Jength is determined by observing the structure of the skin in
the human body.

The Biowave® stimulator is an electro-therapy generator
device. The stimulator can be configured to produce a sum-
mation of high frequency alternating current signals that are
delivered into a single electrode. For example the stimulator
provides a summation of two alternating current sine waves
such that the body produces the desired internal electrical
field at a specific frequency that will achieve optimal nerve
stimulation. In one embodiment, the delivery of a summation
of the first and second signals to the first electrode and the
second electrode is alternated. The high frequency signals are
able to pass through skin into deeper tissues. A therapeutic
electrical field encompassing the nerve of the patient ina
volume of tissue surrounding and beneath each respective
first and second electrode is formed. In a hemisphere beneath
the electrode, polarized structures including the membrane of
nerves act in a nonlinear manner and facilitate the multipli-

5

A

cation of the two high frequency signals resulting in a new
spectrum of signals, The spectrum includes a low frequency
signal in the form of an electrical field that has the ability to
stimulate a nerve fiber. The multiplication of two alternating
current high frequency signals can be performed via Fourier
transform. The multiplication effect occurs inside the body,
which was proven in a rabbit model.

In one implementation, the two high frequency electronic
signals referred to herein as “Feed Signals” are provided into

0 the body non-invasively through a first Biowave® electrode
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placed on the epidermis at a predetermined location (e.g.,
directly over the location of the nerve to be stimulated). The
Feed Signals are multiplied together by materials within the
body giving rise to a low frequency component (i.e., the beat
frequency) in the form of an electric field that develops in a
hemisphere surrounding and beneath the first electrode. The
size of the volume of tissue affected can be changed and is
dependent upon the amplitude of the Feed Signals, electrode
placement, geometry and materials. The Feed Signals then
continue to pass through the body to a second Biowave®
electrode and return to the Biowave stimulator to complete
the circuit. The Biowave® stimulator then delivers the Feed
Signals into the body non-invasively directly through the
second Biowave® electrode, which is placed on the epider-
mis over a second location beneath which a nerve is to be
stimulated, or over a bony prominence that is a comfortable
location to receive the stimulation. The actual location of the
first electrode and second electrode (which are disposable in
this example) depends on the therapeutic effect desired and
will be discussed in more detail in a later section.

The two electrodes are positioned on predetermined loca-
tions on the patient’s body. The first electrode is positioned
directly on the epidermis over the nerve to be stimulated. The
second electrode is positioned on a second portion of the
patient’s body based on the targeted nerve(s). In one embodi-
ment, the ratio of the area of the second pad to the area of the
first electrode is 1:1. In another embodiment, the ratio of the
area of the second electrode to the area of the first electrode is
at least 2:1. The electrode size ratio depends upon the appli-
cation, the number of nerves to be stimulated, the number of
locations along one nerve that require stimulation as well as
the location of the electrodes (e.g., pads) on the body, which
will be discussed more in a later section. )

The application of physiologically high frequency Feed
Signals (c.g., 1 kHz-100kHz), alternately introduced through
independent electrodes gives rise to aspectrum of frequencies
as a consequence of the nonlinear operations performed by
polarized structures, for example nerve membranes that lie
within the volume of tissue around and beneath each elec-
trode (i.e., the treatment site(s)). This nonlinear operation
yields both sum and difference frequencies from the two
original Feed Signals. One of the frequencies generated (i.e.,
the difference between the Feed Signals) is called the Beat
Frequency and is within the range (1 Hz-250 Hz) that has
been determined Lo have a therapeutic effect for the particular
application.

Stimulation of different nerve fibers can produce beneficial
treatment results for several different types of afflictions. For

60 example, some clinical trials have indicated that implanted

stimulation devices or the implantation of a needle down to
the nerve for its stimulation can produce beneficial outcomes.
In this regard, stimulation of the sacral nerve can reduce
pelvic floor pain. Stimulation of the tibial nerve reduces the

65 symptoms affiliated with over active bladder syndrome and

incontinence (e.g., urinary and/or fecal). Stimulation of C-fi-
ber and A-delta fibers can reduce the transmission of pain
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signals, improve range of motion and reduce stiffness, and
stimulation of muscle tissue may decrease muscle spasm,
Where previous devices gencrall y required implantation of
a needle deep in the location of the nerve or even an entire
electronic device, lead wire, and electrode implanted in the
body, the Biowave® technology and methods discussed
herein effectively stimulate nerves to achieve a therapeutic
benefit. For example the therapeutic benefit may be to reduce
pain andfor cure over active bladder syndrome and/or incon-
tinence noninvasively with Biowave® clectrades (i.e., a sur-
face electrode and/or a parcutaneous electrode comprised of
an array of 316L surgical grade stainless steel microneedles,
This enables treatment of the foregoing symptoms with a
small comfortable hand held Biowave® electro-therapy gen-
erator device that may be operated by a patient in a clinic
setting, at home, efe., and thus without doctor supervision,
FIG. 2 illustrates an exemplary system for nerve stimula-
tion, consistent with an exemplary embodiment. System 200
includes an external Biowave® stimulator 202 confi gured to
provide therapeutic electrical energy to a patient 210, The
Biowave® stimulator 202 includes electricat circuitry con-
figured to produce first and sscond Feed Signals, which,

allows the body to create a therapeutic, signal from the first .

and secorid Feed Signals. The system includes a first elec-
trode 264 and a second electrode 206, both coupled to the
Biowave® stimulator 202. Both the first and second Feed
Signals are alternately applied to the patient 210 through the
first electrode 204 and then through the second electrode 206
respectively to form the therapeutic signal inside the body.
The therapeutic signal that is developed inside the body
beneath both the first and second electrodes 204, 206 can be
regulated in amplitude and frequency to produce the desired
effect. The voltage of the signal applied via the electrodes can
be regulated from 0 Volts to a maximum voltage via the
Biowave® electro therapy generator device 202. In one
embodiment, the maximum voltage is set to 27.5 Volts.

In one embodiment, the first electrode 204 and the second
electrode 206 each comprise a single pad, wherein the second
electrode 206 is larger than the first electrode 204. Each
electrode may be a Biowave® noninvasive electrode or a
minimally invasive percutaneous electrode. In onie embodi-
ment, one of the electrodes is a Biowave® non-invasive elec-
trode while the other electrode is a Biowave® percutaneous
electrode.

While FIG. 2 iflustrates a foot that is used for tibial nerve
stimulation, it will be understood that the electrodes can be
applied fo different parts of the body depending on the
nerve(s) to be stimulated and the therapeutic results desired,
as will be made clearer with the various examples below.

As discussed above the Biowave® electrodes 204 and 206
may be both noninvasive, both percutaneous, or any combi-
nation thereof, The electro therapy generator device e.g.,
Biowave® stimulator) 202 provides optimal delivery of the
Biowave® signals through the epidermis of a patient directly
above the nerve to be stimulated. The size of the Biowave®
electrodes used is based on the targeted nerve(s) in question.
Four different combinations of Biowave® electrodes are dis-
cussed below.

In a first exemplary combination, both the first and second
electrodes 204 and 206 are non-invasive. Further, both elec-
trodes 204 and 206 are of equal area such that the density of
the electrical field will be the same under each electrode. The
active electrical field forms in an equa hemisphere beneath
each electrode 204, 206. The diameter of the hemisphere of
the active electrical field is slightly larger than the diameter of
the electrode.
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The first exemplary combination provides an equal treat-
ment on two separate nerves, which can be in two different
locations. In this regard, FIG, 3B illustrates an exemplary
anterior and posterior placement of electrodes for sacral
nerve stimulation, Alternatively, the two electrodes are placed
adjacent and within a predetermined radius (e.g., distance) of
each other to treat multiple branches of a nerve or one nerve
over a larger area. In this regard, FIG. 3A illustrates an exem-
plary placement of electrodes for bilateral sacral nerve stirmu-
lation, This is one of two preferred placements for sacral
nerve stimulation treatment. In one example, cne electrode
can be positioned over the pubis on the anterior of the body,
and one electrode can be positioned centrally over the sacrum
on the posterior of the body, as illustrated in FIG. 3B. In
another example, two same size electrodes can be placed
bilaterally over the sacrum, capturing the left and right
branches of the sacral nerve, as illustrated in FIG. 3A. The
minimum distance between the two electrodes is one inch for
bilateral sacral nerve stimulation. In one example, to treat a
single nerve over a larger area, two electrodes of the same size
can be positioned one inch apart from one another—both
located directly over the nerve pathway in the body, For
example, the nerve stimulation of this exemplary combina-
tion can be performed at home {e.g., by the patient without
doctor supervision).

‘In 2 second exemplary combination, both the first and

"second electrodes 204 and 206 are non-invasive. The external

stimulator 202 alternates the delivery of an equal voltage to
the first and second electrodes. The first {e.g., primary) elec-
trode has a surface area that is smaller than the second elee-
trode. Put differently, the second electrode is larger in area
than the first electrode 204, The density of the electrical field
(and thus the sensation to the patient 210) is greater under the
first (i.e., smaller area) electrode 204, This first electrode 204
is positioned directly on the epidermis over the nerve (o be
stimulated. The active electrical field forms in a hemisphere
beneath the first electrode 204, The diameter of the hemi-
sphere of the active electrical field is slightly larger than the
diameter of the first electrode 204, While the density (and
therefore the sensation to the patient 210) from the electrical
field is much less under the second (i.e., larger area) electrade
206. Depending on the type of tissue beneath the second
electrode (nerves, muscle, bony prominence, etc.,) the palient
may perceive the sensation from the second electrode to be
anywhere from 0% to 80% of the sensation felt under the
smaller first electrode. The least sensation is perceived by a
patient when the larger second clectrode is placed over a bony
prominence. The second electrode 206 is also placed within a
predetermined radins with respect to ihe nerve to be stimu-
lated. In one embodiment, the minimum distance between the
first and second electrodes is 0.5 inches, while there is no
limitation for a maximum distance, For example, the second
electrode is placed near the region where the first electrode
204 is positioned. The second larger electrode provides some
therapeutic benefit in the hemisphere beneath it but signifi-
candly less than the benefit derived in the hemisphere beneath
the smaller electrode. Placing the second electrode over g
bony prominence in a region near the first electrode allows a
greater active electrical field in otal to be delivered into the
desired volume of tissue (i.e., the active electrical field is
being created beneath both the First and second electrodes). In
one embodiment being in the proximity of the first electrode
204 is not required. For example, to stimulate the ulnar nerve,
asmaller first electrode can be placed on the medial side of the
elbow directly over the ulnar nerve. The contfortable bony
prominence focation for the larger rectangular second elec-
trode is not in nearby proximity on the elbow rather on the
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shoulder; one corner of the larger rectangular second elec-
trode is placed over the acromioclavicular joint and the body
of the rectangular electrode is positioned at an angle across
the spine of scapula on the posterior of the shoulder, Stimu-
lation over a bony prominence is the most comfortable place
to receive the Biowave® stimulation. In this regard, a patient
210 can receive a higher intensity nerve stimulation (e.g., via
a higher setting on the external stimulator 202). Accordingly,
a more dense electrical field forms under the first (smaller)
electrode 204 encompassing the targeted nerve.

The higher the intensity (e.g., voltage applied to the stimu-
lated nerve by the stimulator 202 via the electrodes 204 and
206), the greater the efficacy and the longer the residual effect
of the therapeutic treatment. The intensity of the therapeutic
signal from the stimulator may change over time. In one
embodiment, the patient 210 is allowed to adjust the intensity
of the therapeutic signal to achieve the highest intensity while
still being comfortable. In various embodiments, the patient
210 may be aflowed to adjust the intensity during predeter-
mined intervals or during the entire electrical nerve stimula-
tion session. In one example, the regulation of intensity for
tibial nerve stimulation includes increasing the intensity {0
tolerance during the first interval (e.g., 5 minutes) of the
treatment and then keeping the intensity constant for the
remainder of the treatment (€.8. 30 min).

Of course, if the second electrode 206 is positioned ina
location that is comfortable to the patient 210, the patient 216
may increase the intensity of the stimulation to a higher level.
Thus, in one embodiment, the intensity of the first and second
signal applied by the external stimulator 202 that the patient
may tolerate (€.8. manually adjust) is only limited by the
strength of the sensation under the first electrode 204. That is
because the second electrode 206 is placed at an inherently
comfortable position {e.g., bony prominence). ‘The foregoing
second exemptary combination is the preferred placement for
2 tibial nerve stimulation treatment that may be performed at
home {e.g., by the patient without doctor supervision).

Tn a third exemplary combination, both the first and second
electrodes 204 and 206 are percutaneous and of substantially
similar size. In a preferred embodiment, the sterile percuta-
neous electrodes from Biowave® are used for best resalts.
Thus, the first electrode has a surface area and shape that is
substantiatly similar to that of the second electrode. As dis-
cussed above, percutaneous electrodes each have an array of
imicroneedles that are configured to be inserted into the epi-
dermis of a patient 219. Percutaneous electrodes overcome
the inherent clectrical impedance of the outer skin layers
(epidermis). The microneedie array of an electrode may
include a conductive adhesion layer to help keep the micron-
eedles inserted into the epidermis during the duration of the
freatment. In one embaodiment, the percutaneous electrede
array has approximately 1000 microneedles, 0.75 mm. in
length centered within a 9.5% diameter patch that contains a
hydrogel base layer.

Since the area of the microneedle array is substantially
similar for both the first and second electrodes 204, 206, both
electrodes provide an equally direct pathway for delivering
the therapentic electrical signal through the epidermis into

" deeper tissue of the patient 210 by bypassing the impedance
and capacitance of the skin, "The low impedance connection of
the first electrode 204 and the second electrode 206 is sub-
stantially similar in this third exemplary combination. Addi-
tionally, since the surface area of the electrodes is the same,
the density of the electrical field will be the same under each
clectrode 204, 206, The active electric field forms in an equal
diameter hemisphere beneath each electrode 204, 206. The
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diameter of the hemisphere of the active electrical field is
slightly larger than the diameter of the electrode.

The foregoing third exemplary combination can provide an
equal treatment on (WD separate nerves, which can be in two
different locations. Alternatively, the two electrodes are
placed adjacent and within a predetermined radius to each
other to treat one nerve over a larger area or multiple branches
of the same nerve. This is the second of two preferred place-
ments for sacral nerve stimulation treatment. In one example,
this sacral nerve stimulation can be petformed at home (e.g.,
by the patient without doctor sapervision).

In a fourth exemplary combination, the first electrode 204
is a Biowave® percutancous electrade, while the second elec-
trode 206 is a Biowave® non-invasive electrode. The external
stimulator 202 alternates the delivery of an equal voltage to
the first and second electrodes. The first (e.g., primary) elec-
trade 204 has & surface area that is smaller than that of the
second electrode 206, Pat differently, the second electrode is
larger than the first electrode 204, The density of the electrical
field (and thus the sensation to the patient 210) is greater
under the first (i.e., smaller area) electrode 204 both because
of the smaller size and because of the smaller impedance.
"Thus, the first electrode has an impedance that is significantly
Iess than the impedance of the second electrode. The first
(percutaneous) electrode 204 is positioned directly over the
nerve to be stimulated. The active electrical field forms in a
hemisphere beneath the first electrode 204. The diameter of
the hemisphere of the active electrical field {of the first elec-
trode 204) is slightly farger than the diameter of the first
electrode 204. While the density and the sensation from the
electrical field is less under the second (i.e., noninvasive and
larger area) clectrode 206, the second electrode 206 is stiil
placed over a bony prominence typically near the region (¢.g.,
predetermined radius) where the first electrode 204 is posi-
tioned. In one embodiment being in the proximity of the first
electrode 204 is not required.

As discussed in the context of the second exemplary com-
bination above, stimulation over & bony prominence is the
most comfortable place to receive the Biowave® stimulation.
Tn this regard, a patient 210 can receive a higher intensity
higher setting on the external
stimulator 202). Accordingly, a more dense electrical field
forms under the first (smaller and percutaneous) electrode
204 over the targeted nerve.

The higher the intensity (e.g., voltage applied to the stimu-
lated nerve by the stimulator 202 via the electrodes 204 and
206), the greater the efficacy and the longer the residual effect
of the therapeutic treatment for certain nerve stimulation
apphications, such as pain nerves. The intensity of the thera-
peutic signal from the stimulator may change over time. In
one embodiment, the patient 210 is allowed to adjust the
intensity of the therapeutic signal toachieve the hi ghestinten-
sity while still being comfortable. Higher intensity stimula-
tion can provide better treatment outcomes to the extent itis
comfortable and well tolerated by the patient 210. For
example, over-stimulation may resull in fatigued muscle tis-
sue and the patient 210 may be sore post treatment, [n various
embodiments, the patient 210 may be allowed (o adjast the
intensity during predetermined intervals or during the entire
electrical nerve stimulation session. The foregoing fourth
exemplary combination may be used to stimulate a tibial
nerve in a therapy session. Inone embodiment, the session is
performed in a medical office setting. For example, the tibial
nerve may be stimulated to treal patients with overactive
bladder symptoms of urinary wrgency {OAB) and inconti-
nence.
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It should be noted that the four exemplary combinations
discussed above may be used for stimuiating C and A nerve
fibers for the treatment of pain. It will be understood that the

~ placement of the first and second electrodes 204, 206 will

vary based on the location and type of pain.

The first (e.g., Biowave®) electrode 204 is generally posi-
tioned directly on the epidermis over the nerve to be stimu-
lated. The location of the second (e.g., Biowave®) electrode
206 depends on the nature of the treatment. The second (e.g.,
Biowave®) electrode 206 is placed over one of the following:
(1) a second nerve to be stimulated; (2) over the source of the
pain (which may be different from the location that the pain
presents); (3) over an adjacent location over the primary nerve
to be stimulated; or {(4) over a bony prominence (a comfort-
able location to receive stimulation) near the region being
treated, .

In one embodiment, the intensity of the therapeutic signal
from the stimulator may change over time, For example, the
intensity may start at a lower level (lower voltage applied
through the first and second electrodes 204 and 206) and
nonlinearly increase over time. In another embodiment, the
intensity increases at one or more predetermined intervals, as
in a step function. The intensity slowly increases to improve
stimulation while maintaining a strong but comforiable
steady state sensation in each step. In one embodiment, the
adjustment in intensity is in response to an'interactive comfort
setting by the patient 210. For example, the patient 210 may
adjust the intensity of the therapy via controls of the external
stimulator 202 to increase (or decrease) the intensity to a
strong but comfortable level of sensation over the first time
period (e.g., several minutes) of the {reatment. The body of
the patient 210 generally quickly adapts to the electrical field
in each interval and the sensation diminishes after several
seconds. As the sensation diminishes, the intensity may be
increased to improve stimulation while maintaining a strong
but comfortable steady state sensation. This adjustment may
be performed by preprogrammed settings on the external
stimulator 202 or interactively by the patient 219.

The therapy session generally lasts a predetermined period
{e.g.. 20 to 30 min). As discussed above, the therapy session
may include different intensity steps. In one embodiment,
after the first predetermined interval, the intensity of the treat-
ment is maintained. Put differently, the first predetermined
interval is used for the adjustment of the intensity to the
highest intensity that is still comfortable to the patient 210
while the second predetermined interval (e.g., the remainder
of the 30 minute treatment) the adjusted intensity is main-
tained. During the second predetermined interval, the body of
the patient 210 may still adapt to the electrical field but at a
much slower rate than during the first several minutes.

For example, for pain therapy applications as the sensation
of the input stimulation diminishes, the intensity may start at
alower level (e.g., lower voltage applied through the first and
second electrodes 204 and 206) and nonlinearly increase over
iime to maintain a strong but comfortable steady state sensa-
tion during the entire duration of the treatment. The intensity
adjustment may be electronically controlled by the external
stimulator 202 or manually by the patient 210 interacting with
the external stimulator 202,

For example, for sacral nerve stimulation, the intensity of
the stimulation may be continually increased to a medium
sensation over the first interval {e.g., 5 minutes) of treatment,
The intensity level is then maintained for the remainder (ie.,
second interval) of the treatment session (e.g., 20 to 30 min-
ufes).

For example, for tibial nerve stimulation, the intensity of
the stimulation may be continually increased to a medium
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sensation over the first inferval (e.g., 5 minutes}) of the treat-
ment or until the blg toe exhibits an uncontrolled motor
response. At this time, the intensity level is kept unchanged
for the remainder of the treatment session (e.g., 20 to 30
minutes).

In another example, for tibial and sacral nerve stimulation
applications, the intensity is only increased during a first
predetermined interval (e.g., 5 min.) and then maintained
constant for the remainder of the therapy session (e.g., 30
min). In one embodiment, the patient 210 performs the
adjustment during the first predetermined intervai,

When a countdown timer (e.g., of the Biowave® stimula-
tor) reaches zero minutes and seconds, the intensity of the first
and second electrodes automatically drops to zero and the
therapeutic treatment stops. In one embodiment, the patient
210 can halt the application of the first and second signals
after a predetermined time (e.g., 5 minutes of therapy).

While the foregoing has described what are considered to
be the best mode and/or other examples, it is understood that
various modifications may be made therein and that the sub-
ject matter disclosed herein may be implemented in various
forms and examples, and that the teachings may be applied in
numerous applications, only some of which have been
described herein. It is intended by the following claims to
claim any and all applications, modifications and variations
that fall within the true scope of the present teachings.
Accordingly, the disclosure is intended to cover alfernatives,
modifications and equivalents, which may be included within
the scope of the disclosure.

While the foregoing has been described in conjunction
with exemplary embodiments, it is understood that the term
“exemplary” is merely meant as an example, rather than the
best or optirnal.

Except as stated immediately above, nothing that has been
stated or illustrated is interded or should be interpreted to
cause a dedication of any component, step, feature, object,
benefit, advantage, or equivalent to the public, regardless of
whether it is or is not recited in the claims,

It will be understood that the terins and expressions used
herein have the ordinary meaning as is accorded to such terms
and expressions with respect to their corresponding respec-
tive areas of inquiry and study except where specific mean-
ings have otherwise been set forth herein. Relational terms
such as first and second and the Jike may be used solely to
distinguish one entity or action from another without neces-
sarily requiring or implying any actual such relationship or
order between such entities or actions, The terms “com-
prises,” “comprising,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-

cess, method, article, or apparatus that comprises a list of

elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus. An element proceeded
by “a” or “an” does not, without further constraints, preclude
the existence of additional identical elements in the process,
method, article, or apparatus that comprises the element.
The Abstract of the Disclosure is provided to allow the
reader to quickly ascertain the nature of the technical disclo-
sure. It is submitied with the understanding that it will not be
used to interpret or limit the scope or meaning of the claims.
In addition, in the foregoing Detailed Description, it can be
seen that various features are grouped together in various
embodiments for the purpose of streamlining the disclosure,
This method of disclosure is not to be interpreted as reflecting
an intention that the claimed embodiments require more fea-
tures than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter lies in less
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than all features of a single disclosed embodiment. Thus the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a sepa-
rately claimed subject matter.
What is claimed is:
1. A method of stimulating a nerve of a patient, comprising:
providing an electro-therapy device comprising:
asignal generator configured (o produce first and second
signats; and
a first and a second electrode;
positioning the first electrode on an epidermis of the patient
over the nerve to be stimulated;
positioning the second electrade on an epidermis of the
patient at a second location;
alternating the delivery of a summation of the first and
second signals to the first electrode and the second elec-

trode, wherein the first and second signals penetrate -

through the epidermis into decper tissue;

forming, from the first and second signals, a therapeutic
elecirical field in the deeper tissue encompassing the
nerve of the patient within a volume of tissue surround-
ing and beneath each respective first and second elec-
trode; and ’

adjusting an intensity of the first and second signal over

‘time. ' . . .

2. The method of claim 1, wherein the adjustment of the
intensity of the first and second. signal slowly increases to
improve stimulation, '

3. The method of claim 2, wherein the adjustment of the
intensity is in response to an interactive comfort setting by the
patient,

4. The method of claim 1, further comprising halting the
application of the first and second signals after a predeter-
mined time.

5.The method of claim 4, wherein the predetermined time
is 20 to 30 minutes,

6. The method of claim 1, wherein the second locationis on
an epidermis of the patient at one of:

(1) over a second nerve to be stimulated;

(2) over a source of a pain,

(3) within a predetermined radius of the nerve to be stimu-

iated; or

{4) over a bony prominence within a predetermined radius

with respect to the netve to be stimulated.

7. The method of claim 1, wherein:

the nerve is a sacral nerve;

the first and second electrodes are non-invasive electrodes;

the first and second electrodes are of equal area such that

the density of the electrical field is the same under the
first and second electrodes; and

an active electrical field forms in an equal hemisphere

beneath each electrode.

8. The method of claim 7, wherein a diameter of the hemi-
sphere is larger than a diameter of each electrode.

9. The method of claim 7, wherein the first and second
electrodes are placed adjacent and within a predetermined
radius of each ofher to treat multiple branches of the nerve.

10. The method of claim 7, wherein the nerve stimulation is
performed by the patient without 2 doctor supervision and
part of a therapy to at least one of (i} reduce pelvic floor pain,
and (if) improve range of motion of the patient.

12

11. The method of ¢laim 1, wherein:
the nerve is a tibial nerve;
the first and second electrodes are non-invasive electrodes
and are configured to each create an electrical fieldina
3 body of the patient;

the first electrode has a surface area that is smaller thana
surface area of the second electrode such that the density
of the electrical field is greater under the first electrode
than the second electrode; and

a diameter of a hemisphere of an active electrical field

heneath the first electrode is larger than a diameter ofthe
first electrode.

12. Theé method of claim 11, wherein the second electrode
is positioned over a bony prominenceon a body of the patient.

13. The method of claim 12, wherein the second electrode
is positioned within a predefined radius of the nerve.

14. The method of claim 12, wherein the nerve stimulation
is performed by the patient without a doctor supervision and
is part of a therapy to cure symploms of urinary or fecal
incontinence and overactive bladder syndrome (OAB).

15. The method of claim 11, wherein the nerve stimulation
is performed by the patient without a doctor supervision and
is part of a therapy to cure symptoms of urinary or fecal
incontinence and overactive bladder syndrome (OAB}.

16. The method of claim 1, wherels:

" the nerve is a sacral nerve;

the first and second electrodes are percutaneous electrodes
= and are configured to each create an electrical fieldina

body of the patient; '

the first and second electrodes are of substantially similar
surface area and shape;

a diameter of a hemisphere of an active electrical field
beneath the first electrode is substantially similar to an
active electrical field beneath the second electrade; and

the diameter of the hemisphere of each active electrical
field is slightly larger than the diameter of each elec-
trode,

17. The method of claim 16, further comprising position-
ing the second electrode on a second sacral nerve of the
patient.

18. The method of claim 1, whereir:

the nerve is a tibial nerve;

the first electrode is a percutaneous electrode and the sec-
ond etectrode is a non-invasive electrode, the clectrodes
being configured to each create an electrical field in a
body of the patient;

the first electrode has an impedance that is less than the
impedance of the second electrode;

4 diameter of a hemisphere of an active electrical field
beneath the first electrode is larger than an active elec-
trical field beneath the second electrode; and

the diameter of the hemisphere of each active electrical
field is stightly larger than the diameter of each elec-
trode.

19. The method of claim 18, wherein the second electrode

is positioned over a bony prominence ona body of the patient.

20, The method of claim 18, wherein the second electrode
is positioned within a predefined radius of the position of the

oo Hrst electrode.
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