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METHOD AND APPARATUS FOR TRANSDERMAL STIMULATION OVER THE
PALMAR AND PLANTAR SURFACES

CROSS-REFERENCE TO RELATED APPLICATIONS
j0001] This application is a continuation of ULS. Patent Application Serial No.
13/840,936 filed March 15, 2013, which is a continuation i part of PCT International Patent
Application Namber PCT/US20611/052415, filed September 20, 2011, which claims benefit of
priority to ULS. Provisional Patent Application Senial No. 61/403,680 filed September 20,
2010, The present application is also a continuation-in part of U.S. Patent Application Serial
Na. 12/308,329 filed July 23, 2009, which is a continuation-in-part of U8, Patent Application
Sertal No. 11/866,329 filed October 2, 2007, which clains priotity to U.S. Provisional Patent
Apphication Senial No. 60/848,720 filed October 2, 2006, Each of the above referenced
apphications 1s incorporated herein by reference in their entirety.
0002} The following applications are also incorporated herein by reference in their
entirety for all purposes: PCT Application Serial No. PCT/USIN 34167 filed October 26,
2010; PCT Application Serial No, PCTAUIS 0054353 filed October 27, 2010, ULS, Patent
Application Senial No. 12/508,529 filed July 23, 2009, which is a continuation in part of ULS.
Patent Apphcation Serial No. 11/866.329 filed October 2, 2007, which claims priority to U.S.
Provisional Patent Application Serial No. 60/848.720 filed October 2, 2006; U.S. Patent
Application Serial No. 12/695,087 filed January 27, 2010, which is a continuation of U8
Patent Application Serial No. 117332797 filed January 17, 2006; U.S. Patent Application
Serial Nos. 12/509 362 filed July 24, 2009; 12/469 365 filed May 20, 2009 which is a
continuation of U8, Patent Application Serial No. 11/866,329 filed October 2, 2007 which
claims priority to ULS. Provisional Patent Application Serial No. 604848720 filed October 2,
2006, and 12/469,625 filed May 20, 2009 which 1s a continuation of U.S. Patent Apphication
Serial No. 11/866,329 filed October 2, 2007 which claims priovity to U.S. Provisional Patent
Application Serial No. 60/848,720 filed October 2, 2000; and 12/509,304 filed July 24, 2009
which is a contimsation of U.S. Patent Application Serial No. 127508529 fled huly 23, 2009
which is a continuation-in-part of U.S. Patent Application Serial No. 11/866,329 filed October
2, 2007 which claims priority to ULS. Provisional Patent Application Serial No. 60/848.720

filed October 2, 2006; and 12/509,345 filed July 24, 2009 which is a continnation of U.S.
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Patent Application Serial No. 12/508.529 filed July 23, 2009 which is a continuation-in-part of
1.8, Patent Application Serial No. 11/866,329 filed QOctober 2, 2007 which claims priority to

118, Provisional Patent Application Serial No. 6(/848 720 filed October 2, 2006,

{0003] The present apparatus and methods relate generally to energy emitting
apparatus and methods for providing a medical therapy. The apparatus and methods may

provide for central and peripheral nerve and other tissue modulation or stimulation therapies

BACKGROUND
{0004} The OAB and Ul market iy the United States is well over a $12 billion a yesr
wdustry, It affects over 16% of all Americans, for a total U.S. market of approximately 34
niithion men and women each year. Due to social stigmas attached to OAB and Ul as well as
misunderstanding of the signs and symptoms associated with OAB and UL only 40% of those
affected (13.0M) seck treatment. Of those 13,0 million individoals, nearly 30% are unsatisfied
with their current therapy.
0005 The use of pulsed electromagnetic stimulation (PES) has been well established
as a beneficial therapy in a vartety of medical applications. The scientific principle bebind this
techmology is that an electric cwrent passed through a coil will generate an electromagnetic
field. These fields, in turn, have been shown to induce current within condactive materials
placed within the field. When applied to the human body, pulsed electromagnetic stinwulation
has been found to be an effective method of stunulating nerves resting within the
electromagnetic field. Recent data highlights the beneficial effects of invasive, needle-based
clectrostimulation (ES) of the posterior tibial nerve m individuals with OAB and UL ES has
been found to modulate bladder dysfunction through its action on the pudendal nerve and the
sacral plexus which provides the major excitatory aput to the bladder,
[0006] Current treatment options for OAB and UT are exercise and behavioral
modifications, pharmacological therapies, surgical intervention, and neuromodulation.
Although each of these treatment oplions targets the Ui and OAB populations, each has severe

Hmitations.
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{0607} Exercise and behavioral modifications often require patients to adhere to
stringent ropimes, including scheduled voiding, mamtenance of a bladder diary, and intense
exercise regunents. While this may be a viable option for a small group of highly dedicated
individuals, its daily impact on one’s life makes #t an unatiractive option for most individuals.
j0008] Pharmacological intervention is the most widely prescribed therapy for OAB
and UL Unfortunately, as with the ingestion of any chemical, patients are often subject to side
effects from their drug therapy. This is especially detrimental in older and elderly patient
populations where mteraction with other prescribed medications can have adverse effects.
Further, there 1s a lugh rate of dissatisfaction, approximately 30%, amongst individuals osing
pharmacological treatiment.

{0009] Surgical intervention 18 an extramely mvasive treatment and often results in the
fong-term, and 1n some cases permanent, requirement for catheterization. The high expense of
these procedures, coupled with the negative impact the procedures have on the patients guality
of life, make this an option only when all other treatment options have been exhausted.

{0016} Neuwromodulation iz another treatment alternative for QAB and Ul patients.
Sacral nerve stimulation {SNSY has shown itself to be an effective treatment option for those
with OAB or UL However, the procedure requires the permianent implantation of ap electrical
stimulation device in the patient. Ope estimate puts the cost at nearly $14,000 with additional
routing care costs of $393 per patient per vear. Addittonally, SNS’s risk of battery failure,
implant infection, and electrade migration, lead to a high reoperation rate and make this
procedure vnatiractive.

{0011} Maore recently, the intreduction of a posterior tiblal nerve stimulator, often
referred o as SANS, has shown iself to be another newromodulation altemative. Yet as is the
case with other forms of newromedulation, this system is mvasive in its nature. It requires the
msertion of a needle two inches into the patient’s ankle region in order to stimmulate the
posterior tibial nerve. As well, it requires 3 minimum of 12 sessions for initial treatment, with
the possibility of additional sesstons needed for maintenance. Despite its ugh cost and
invasive nature, though, an abundance of published peer-reviewed clinical trials demonstrate

the safety and efficacy of the SANS therapy.
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SUMMARY
{0012} In certamn variations, a method for providing transdermal electrical stimulation
therapy to a patient is provided. The method may include positioning a stimulator electrode
over a glabrous skin swrface overlyving a target nerve of a subject. Electrical stimulation may
be delivered through or across the glabrous skin surface to the target nerve 1o stimalate the
target nerve, while remaining safe and tolerable to the patient. Electrical stimulation may be
delivered at frequencies that may be painfud or intolerable when apphed over non-glabrous
surfaces of the body. The electrical stimulation may be utilized to treat various conditions,
e.g , prinary incontinence and overactive bladder,
{0013] In certain variations, an applicator, e.g., an ergonomic applicator, for providing
transdermal electrical stimulation therapy to a patient is provided. The applicator may be
configured 1o position a stimulator clectrode over a glabrous skin surface of the subject to
deliver transdermal electrical stimulation through or across the glabrous skan surface to an
underlying target nerve, resulting m stimulation of the target nerve.
[0014] in certamn variations, a method for providing an energy based stinnlation
therapy to a subject is provided. The method may include positioning an energy enntiing
device m proxmmity to a glabrous surface overlymg a target tissue. Energy may be delivered
throagh the glabrous skin surface to the target tissue to stimuolate the target tissue.
j0015] {n certam variations, another method for providmng an epergy based stimulation
therapy to @ subject is proved. The method may include positioning an energy enutting device
in proximuty 10 a skin surface overlying a target nerve. Energy may be delivered at a
frequency of about 1 Hz to about 30 Hz through the skin surface to the target nerve, thereby
generating motor and/or sensory nerve conduction of the target nerve while remaining safe and
tolerable to the subject. Optionally, energy may be delivered at less than 10 Hz to generate
nerve conduction.
{0016] In certain variations, systems for electromagnetic induction therapy may
iclude one or more conductive coils disposed within or along an applicator. The coils may be
configured to generate a magnetic field focused on a target nerve, muscle or other body Hissues
in proximity to the coil. One or more sensors may be utilized to detect electrical conduction i
the target nerve, to detect a muscular response caused by an electrical conduction in the target

nerve, or to detect stimudation of & nerve, muscle or other body tissues and to provide feedback

Petitioner - Avation Medical, Inc.
Ex. 1023, p. 4



1

-

{

i 4]

30

Attorney Docket No. EMRNNZGO702

about the efficacy of the applied electromagnetic induction therapy. A controller m
communication with the sensor may be adjustable to vary a corrent through the at least one
cotl so as {o adjust the magnetic field focused upon the target nerve, muscle or other body
tissnes, Optionally, a user or patient may detect stimulation of a nerve, muscle or body tissue
and the therapy may be adjusied based on feedback from the user or patient.

10017] In certain variations, the applicator may be configured to intermittently apply or
deliver pulsed magnetic fields to a target nerve, muscle or tissue without causing habituation
of the target nerve, muscle or tissue.

j0018] In certain variations, methods of electromagnetic induction therapy may inchude
one or more of the following steps. A first portion of a patient’s body may be positioned
relative to Or i proximity to an applicator or an applicator may be positioned relative to or in
proxuniy to a fist portion of a patient’s body, such that a target nerve, muscle or tissue within
the first portion of the body is in proximity to one or more conductive coils disposed within or
along the applicator. A corrent may be passed through a coil 1o generate a magnetic field
focused on the target nerve, muscle or tissue. An electrical conduction through the target
nerve, a muscular response caused by an electrical condoction through the target nerve or
stimulation of a nerve, muscle, or body tissue may be detected by a sensor positioned along a
second portion of the body. A signal from the sensor indicative of the electrical conduction or
stimulation may be received, which provides feedback about the efficacy of the applied
electromagnetic induction therapy. The current may be adjusted by a controller in
communication with the condoctive coils based on the feedback.

{10019} Optionally, a user may detect stimulation of a nerve, muscle or body tissue and
the therapy may be adjusted based on feedback from the user. In certain vaviations, pulsed
magnetic fields may be intenmittently applied or delivered a target nerve, muscle or tissue
without causing habituation of the target nerve, muscle or Hissue. Such intermitient magnetic
tields may be used to treat chromic conditions, e.g., chronic pain, withont causing habituation,
{0028} lu certain variations, applicators may be ergonomic or may be designed or
configured to accommodate, approximate or be positioned relative to or in proximity to
specific regions of the body or anatomy. The specific regions of the body or anatomy may be
positioned relative to the applicators, or the applicators may be positioned relative to the

specific regions of the body or anatomy to treat various conditions, for example, osteoarthritis,
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arthritis, back or neck pain, atrophy or paralysis, chronic pain, phantom or neuropathic pain,
neuralgia, migraines, orthopedic conditions.

{0021} Other features and advantages will appear herematier. The features and
elements described herein can be used separately or together, or in vanous combinations of

one or more of them.

BRIEF DESCRIPTION OF THE DRAWINGS
10022] The drawings constitute a part of this specification and include exemplary
embodiments of the invention, which may be embodied in various forms. It is to be understood
that in some instances vartous aspects of the embodiments may be shown exaggerated or
enlarged to facilitate an understanding of the eanbodiments.
{0023] FIG. 1 s a schematic view of an apparatus for ruagnetic induction therapy
according to a first variation.
10024 FIG. 2 1s a schematic view of an apparatus for magnetic induction therapy
according to a second variation,
j0025] FIG. 3 s a schematic view of an apparatus for magnetic induction therapy
according to a third variation.
16026} FIG. 4 is a schematic view of an apparatus for magnetic mduction therapy
according to a fourth variation.
0027} FI1G. § 15 a schematic view of an apparatus for magaetic induction therapy
according to a fifth vanation,
{0028] FIGS. 6A-6D are schematic ilystrations depicting a first method of use of an
apparatus for magnetic induction thevapy. This method is baced on adjusting the position of the
conductive coils so to optimize a magnetic flow applied to a target nerve.
{06029] FIGS. 7A-7D are schematic iHlustrations of a second method of use of an
apparatus for magnetic induction therapy. This method is based on locking the conductive

cotls in position once electrical conduction 1u 4 target nerve has been detected.

{0030 FI1G. 815 a schematic view of a variation that includes a plurality of sensors.
0031} FIGS. 9A-8D are schematio representations of different garments adapted to

operate as apparatus for magnetic induction therapy.

{0032] FIG. 10 is a schematic view of an apparatus for providiag electrical stimulation.
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{6033] FIG. 11 s a schematic view of another variation of an apparatus for providing
clectrical stimulation.
10034} FIG. 12 shows a schematic view of an energy emitting system mcluding a

microneedle patch sensor.

J0035] FI1G. 13-15 shows magnified bottom views of variations of microneedle
patches.

{0036] FIGS. 16-17 shows magnified side views of variations of a mucroneedle patch.
{0037] FIG. 18 shows a magnified bottom perspective view of a nucroneedie pateh.
j0038] FIG. 19 shows a representative cross sectional view of the skin composed of an

outer stratuin corneunt covering the epidermal and dermal layers of skin and the underlying
subcutaneous tissue, with a variation of a nucroneedie patch attached thereto.
{0039] FIG. 20a shows a magnified side view of a variation of a microneedle patch

wicluding multiple electrodes.

j6048] FI1G. 20b-201) show variations of a microneedie patches mcluding mudtiple
electrodes.
0041} FIG. 21 shows a schematic view of an energy emitting system incloding o

mucroneedle patch sensor placed bebind a subject’s knee.

6042} FIGS. 22-23 show schematic views of energy emifting svstems incloding an
electrode needle and sensor.

0043} FIGS. 24-25 show schematic views of energy emitting systems including an
electrode needle withoat a sensor.

{0044] FIG. 26 shows a schematic view of an energy emitting system including a
microneedle patch for providing stimulation.

[0045] FIGS. 27-28 show schematic views of energy emitting systems including an
clectrode needle and microneedle patch for providing stimulation.

{0046} FIG. 29a-29d show a prospective, side, top and rear views of an energy
emtting device tn the form of a foot cradle.

0047} FIGS 30a-30b show schematic views of an energy enntting device m the form
of a knee support.

{60438] FI(s. 31a-31b shows a schematic view of a variation of an arm applicator and a

foot, knee or leg applicator.
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{06049] FIG. 32 shows a schematic view of a vanation of a back applicator.
{0059) FI1G. 33 shows a schematic view of a varation of a system mclading a back

applicator, a sensor and logic controller.

{0031] FI1G. 34 shows a schematic view of system including nnultiple back applicators,
a sensor and logic controfler.

j0052] FIG. 35 shows a schematic view of a variation of a system inchuding a back
applicator held on a patient’s body by an ergonomic positioning element in the form of a belt
and a logic controller.

j0033] FIG. 36 shows a schematic view of a variation of an apphicator designed to

stimnlate a nerve responsible for phantom or peuropathic pain.

[0054] FIG. 37 shows a schematic view of a vanation of a facial neoralgia applicator.
{0055] FIG. 38 shows a schematic view of a vanation of an apphicator which may be

placed over the eccipital nerve for the treatment of migraines.

0056} FI1G. 39 shows a schematic view of a vartation of an applicator which may be
placed over the frontal cortex for the treatment of depression.

j0057) FIG. 40 shows a schematic view of a variation an applicator in the form of a
stimulator coil platform for posittoning one or more coils I proximity to a knee or popliteal
nerve.

0058] FIG. 41 shows a schematic view of a system including a variation of a back
applicator held on a patient’s body by an ergonomic positioning element in the form of a
shoelder harness, a sensor, and a logic controller.

{0039 Figures 42A and 428 show an example of how the amount of stimulator power

required to achieve a desired stimulas may be awtomatically adjusted as a result of fibroses.

{0061} Figures 43A and 43B show vanations of a coil device positioned on a skull.
{0061) Figure 44 shows a view of the underside or glabrous surface of the foot and

exemplary sites for delivering electrical stimulation.

{0062} Figure 45 shows a perspective view of one variation of an msole for dehivering
electrical stimulation over a glabrous surface of the foot.

0063 Figure 46 shows a perspective view of a variation of an insole for delivering

electrical stimulation over a glabrous surface of the foot, including a sensor feedback feature.
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{0064] Figure 47 shows a perspective view of one variation of elecivodes for delivering
clectrical stimulation over a glabrous sarface of a foot.

{0065] Figure 48 shows a perspective view of one variation of a hand apphcator for
delivering electrical stimulation over a glabrous surface of a hand.

j0066] Figure 49 shows a perspective view of one vanation of electrodes for delivering
electrical stimulation over a glabrous surface of a hand.

G067 Figure 50 shows an example of an EMG reading.
g X 124

DETAILED DESCRIPTION
{0068] {n certain variations, various apparatus and methods for providing magnetic
induction therapy or electrical stimulation therapy are provided. In certain variations, various
apparatus and methods may provide for central and peripheral nerve and other tissue
wmedulation or stimulation therapies, including both exciation and blocking of nerve tmpulses,
In certain variations, a low frequency mduction therapy may be performed. In certamn
variations, these apparatus and methods may be useful in the treatment and prevention of
wrinary incontinence (U, overactive bladder {OAB) and other conditions.
{0069] In certain varations, apparatus and methods for magnetic mduction therapy, i
which dosage of magnetic energy can be regulated according to conduction in a target nerve
exposed to the magnetic field are provided.
0076} In certain variations, apparatus and methods for magnetic induction therapy, in
which the flow of magnetic energy can be adjusted directionally by the patient or a healthcare
provider without altering the position of a housing contamng conductive coils that produce the
magnetic field are provided.
{0071} {n certamn variations, apparatus and methods for treating a vaniety of ailments by
providing energy to 8 target nerve, for example magnetic energy, electrical energy or
ultrasound energy, at a location and n an amount optimized by detecting conduction in the
target nerve gre provided.
10072} {n certam variations, an energy emitting apparatus for delivering a medical
therapy that includes one or more energy generators, a logic controller electrically connected
to the one or more energy generators, and one or more sensors for detecting eleciric

conduction in a target nerve, which are connected to the logic controller is provided. The ene
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or more energy generators produce eneray focused on the target nerve upon recerving a signal
from the logic controller, and the apphied energy is varied by the logic comrolier according to
an input provided by the one or more sensors based on electric conduction in the target nerve.
The feedback provided by the sensors to the logic controller about the efficacy of the apphied
treatment causes the logic controller to modulate the current transmitted to the coils.

{0073 The applied energy may be a magnetic field, an electrical field, an ultrasound, a
visibie light, or an infrared or an uliraviolet energy. When a magnetic field is applied, the
energy-anmutting device 15 an apparatus that provides a magnetic mduction therapy and that
mciudes one or more conductive cotls disposed 1 an ergonomic housing. A logic controller is
electrically connected to the one or more coils, and one or more sensors detect electric
conduction 1 the target nerve and are connected 1o the logic controller so to provide a
teedback to the logic controller. The condactive coils receive an electric corrent from the logic
controtler and produce g magnetic field focused on a target nerve, and the electric current fed
by the logic controller 15 varied by the logic controller according to an mput provided by the
sensors, thereby causing amplitude, frequency or direction of the magnetic field, or the firing
sequence of the one or more coils, to be varied according to the efficiency of the freatment
provided to the target nerve. In certain variations, the housing containing the conductive coils
may be a flexible wrap, a cradle or a garment, and the coils may be overlapping and/or be
disposed m different positions within the housing, 3o to generate a magnetic field on different
body parts with the desired direction and graphtude.

{0074} The one or more coils may be stationary or movable within the housing,
making it possible to optimize the direction of magnetic flow to the target nerve by disposing
the coils i the most effective direction. In different variations, the coils may be movable
manually by acting on a knob, lever, or similar type of actuator, or may be translated
automatically by the logic controller in response to the input provided by the sensors. When a
preferred position for the coils has been established, the coils may be locked in position and
maintain that position during successive therapy sessions. In other variations, the sensors may
be wcorporated within the housing, or instead mav be disposed on a body part of interest
independently of the housing.

{6075} In siill other variations, the inductive coils are disposed n a housing that is

situated externally to a patient’s body, and additional inductive cails are implanted into the

10 .. . .
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body of the patient and are magnetically coupled to the external inductive coils. With this coil
arrangement, energy may be transmitted from the external cotls to the imternal coils either to
recharge or to activate an implantable device. In yet other variations, the eleciric current may
varied by the logic controller both on the basis of an input provided by the one or more sensors
and also an input provided by the patient according to a musculdar response she has percetved,
for example, the twitching of a toe after application of the magnetic field.

{0076] In vet other variations, the source of energy for nerve stimulation may be
electrical energy and nerve conduction may be detected at a site sufficiently distant from the
site of stimulation, so o enable detection of nerve conduction despite any interference from
the dirvect electrical stimull. In these variations, direct electrical stimulation of nerve and
muscle may be tailored 1o provide optimual therapy and, in the case of glectrode migration or
other electrode malfunction, to report lack of stimulation of the bodily tissues. Furthermore,
these variations enable a reduction i power requirementt, because control of the signal s
provided by the sensor to the signal generator loop.

[0077] {n other variations, an energy emitting system for providing a medical therapy
is provided. The systenm may inclode one or more conductive coils disposed within or along a
housing and configured to geperate a magoetic field focused on a target nerve in proxumity to
coils] one or more sensors i the form of microneedle patch configured to detect electrical
conduction m the target nerve; and a controller coupled to the conductive coils and optionally
in communication with the sensor,

{0078] In other variations, an energy emitting system for providing a medical therapy
is provided. The system may include one or more microneedle patches hayving one or more
microneedle arrays deposited on a surface of one or more electrodes and configured to
generate or deliver an electrical or magnetic stimulus or field focused on a target nerve in
proximity to the microneedle patch; one or move sensors configored to detect electrical
conduction in the target nerve; and a controller coupled to the conductive coils and optionally
i communication with the sensor. Optionally, the above variations may incorporate an
electrode needle. Optionally, the above variations or systems may be ptilized without a sensor
or mechanism for detecting conduction or stimulation.

{0079] Methods of use of the above apparatus, systems and variations thereof for

treating various conditions are also described herein.

il .. . .
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{0086} Referving first to FIG. 1, a first variation includes a coil wrap 20, which is
depicted as disposed over ankle 22 circumferentially to surround a portion of tibial nerve 24,
Becauvse tibial nerve 24 s targeted, this variation s particularly sutted for the treatment of
OAB and V1§ In other variations, coil wrap 20 may be configured to surround other body parts
that contain a portion of tibial nerve 24 or of other nerves branching from or connected to
tibial nerve 24, sull making these variations suitable for treating OAB and VI In still other
varigtions, cotl wrap 20 may be configured for surrounding body parts that contain other
nerves when treatments of other ailments are intended.

j0081] Coil wrap 20 may be manofactured from 4 variety of materials suitable for
wearing over ankle 22, Preferably, coil wrap is produced from a soft, bedv-compatible
material, natural or synthetic, for example, cotton, wool, polvester, ravon, Gore-Tex®, or other
fibers or materials known 1o a person skilled in the art as non-irritating and preferably
breathable when tatlored 1nto 2 garment, Coil wrap 22 may even be manufactured from a
nolded or cast synthetic material, such as a urethane gel, to add extra comfort (o the patient by
providing a soft and drapable feel. Additionally, coil wrap 20 may be produced from a single
taver of material or from multiple material lavers and may include padding or other tilling
between the lavers,

{0082} Cotl wrap 20 contains one or more conductive coils 26 arranged to produce a
pulsed magnetic field that will flow across tibial nerve 24 and generate & current that will flow
along tibial nerve 24 and spread along the length of tibial nerve 24 all the way 1o its sacral or
pudendal nerve root onigins. Coils 26 may be a single coil shaped in a sunple helical pattern or
as a figure eight cotl, a four feaf clover coil, 8 Helmholtz coil, a modified Helmbholiz coil, or
may be shaped as a corgbination of the aforementioned coils patterns. Additionally, other coil
designs beyond those mentioned hereinabove might be utilized as long as a maguetic field s
developed that will encompass tibial nerve 24 or any other target nerve. When a plurality of
coils is utilized, such coils may be disposed on a single side of ankle 22, or may be disposed
on more than ove side, for example, on opposing sides, strengthening and directionatizing the
flow of the magnetic field through tibial nerve 24 or other peripheral nerves of interest,

{0083} Coil wrap 20 is preferably configured as an ergonomic wrap, for example, as an
essentially eylindrical band that can be pulled over ankle 22, or as an open band that can be

wrapped around aokle 22 and have its ends connected with a buckle, 4 hoop and loop system,
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or any other closing system known 10 a person skilled in the art. By properly adjusting the
position of coil wrap 20 over ankle 22, a patient or a health care provider may optimize the
flow of the magnetic fleld throagh tibial nerve 24, based on system feedback or on sensory
perceptions of the patient, as described m greater detail below.

{0084} The electric current that produces the magnetic field by flowing through coils
26 is supphed by a progranmmable logic controller 28, which is connected to coils 26, for
example, with a power cord 32. A sensor 30 that feeds information to logic controller 28 is
also provided, in order to tailor the strength of the magnetic field and control activation of
cotls 26 based on nerve conduction. The purpose of sensor 30 15 to detect and record the firing
of the target nerve and to provide related information to logic controtler 28, so to render the
intended therapy most effective. For example, sensor input niay cause logic controlier 28 to
alter the strength or pulse amplitude of the magnetic tield based on sensor input, or fire the
coils 11 a certain sequence.

0085 in thig variation, as well as in the other variations described hereinafter, sensor
30 may include one or more sensor patches and may be placed at different distances from the
region of divect exposure to the magnetic field. For example, sensor 30 may be configured as a
voltage or current detector in the form of an EKG patch and may be placed anywhere i the
vicinity of the target nerve to detect its activation. For ease of description, the term "cotls” will
be used heremafter to indicate "one or more coils” and "sensor” to indicate "one or more
sensors,” unless specified otherwise,

{0086} By virtue of the above described arrangement, cotl wrap 20 provides a
reproducibly correct level of stimulation during an imtial therapy session and during
successive therapy sessions, because the presence or absence of nerve conduction 1s detected
and, in some vanations, measured when coil wrap 20 1s first fitted and fine-tuned on the
patient. In addition to properly modulating the apphed magnetic field, the positioning of coils
26 over ankle 22 may also be tailored according fo the input provided by sensor 30, so to fine-
tune the direction of the magnetic fiekd. Such an adjustent of the direction, amphtade, and
level of the stimulation provided {o the target nerve through the above described avtomated
feedback loop, to ensure that peripheral nerve conduction is being achieved, is one of the key

features.
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{0087} {f the magnetic pulse does not substantially mterfers with sensor 30, sensor 30
may be placed directly within the fleld of stimulation, so that power supplied to the system
may be conserved. This is particularly important for battery-powered systems. Alternatively,
sensor 30 may also be placed at a distance from the magnetic field and still property detect
neural stimulation.

j0088] 1n a method of use of coil wrap 20, the amplitude andfor firing sequence of
coils 26 may be ramped up progressively, so that the magnetic field is increased in strength
and/or breadth unttl perve conduction 1s detected, after which the applied stimulus s adjusted
or matntamed at its current level for the remainder of the therapy. The level of stimulation may
be also controlled through a combination of feedback from sensor 30 and feedback based on
perceptions of the patient. For example, the patient may activate a switch once she percerves
an excessive stimulation, n particular, an excessive level of muscular stimudation. In one
instance, the patient may be gsked to push a button or turn a knob when she feels her toe
twitching or when she experiences paresthesia over the sole of her foot. The patient will then
contimue pressing the button or keep the koob i the rotated position until she can no longer
feel her toe twitching or paresthesia in her foot, indicating that that level of applied stimulation
corresponds {0 an optimal therapy level. From that point on, the patient may be instructed to
simply retain her foot, knee, or other imb within coil wrap 20 until therapy has been
ternunated while the system is kept at the optimad level. Adding patient input enables control
of cotl wrap 20 doring outpatient treatinents, because the patient 1s now able to adjust the
intensity of the magnetic field hersell beyvond the signals provided to logic controller 2R by
sensor 30,

0089} Detecting and, if the case, measuring conduction in one or more nerves along
the conduciion pathways of the stimulated nerve confirms that the target nerve has been
stimulated, providing an accurate assessment of the efficiency of the applied therapy on the
patient. A concomitant detection of muscle contraction may also confinm that the target nerve
is bewng stimulated and provide an indication to the patient or to g healthcare provider as to
whether stimulation has been applied at an excessive level m view of the anatomical and
physiological charactenistics of the patient.

{6090] Based on the foregoing, cotl wrap 20 allows for a consistent, user-friendly

targeting and modulation of the peripheral nerves via the posterior tibial nerve on an outpatient
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basis, 1 particular, the targeting and modulation of the pudendal nerve and of the sacral
plexus. When multiple coils 26 are present, coils 26 may be activated ssmultaneously or
differentially to generate the desired magnetic field. The direction and location of each of coils
26 may be reversibly or rreversibly adjusted by the healthcare provider or by the patient,
customizing the location of the apphed stimulation to the anatomy and therapy needs of each
patient. After a healthcare provider has optimized position and firing sequence for each of
coils 26, the patient may be sent bome with coil wrap 20 adjusted to consistently target the
desired nerve. In one variant of the present variation, an automatic feedback system adjusts
one or more of firing sequence, firing strength or position of coils 26 within coil wrap 20
during the initial setup and also during successive therapy sessions.

{0091} In summary, certain varations mclude the creation of a loop consisting of
teeding information on nerve conduction to logic controller 28 and on logic controller 28
tatloring the electrical current sent to coil wrap 20 according to the information recetved from
sensor 26 based on whether or not the nerve 1s recetving the desired sttmulation and, m some
variations, the desired amount of stimulation. This arrangement offers an saparalleled level of
therapy control and flextbility within a home care setting, because g consistent, repeatable
stimulation of the target nerve can be attained. Aside from adjusting the position of coils 26
accordance with the patient’s anatomyy and physiological vanations, controthing pulse
amplitude s also of great importance even during different therapy sessions with the same
patient, For example, @ patient with leg ederna will encounter difficulties in properly adjusting
cotl wrap 20 based on whether her legs and ankles are swollen or not swollen, and the power
required 1o penetrate to posterior tibial nerve 24 (in the case of a Vi therapy) will vary greatly
due to the vanable depth of the nerve. Thus, having feedback provided by sensor 206 becomes a
necessity for achieving an accurate dosage of the treatment rather than an option. Benchtop
testing has demonstrated that a system constructed as described hevein is capable of non-
mvasively generating electrical currents similar to those found in therapeutic electro-
stimulation and to do so 1w different settings.

0092} Referring now to FIG. 2, a second vanation will be deseribed with reference to
a coil wrap 34 disposed over ankle 36 for the purpose of treating VI by targeting tibial nerve
38, In this second variation, one or more Helmholtz cotls 40 are disposed within coil wrap 34

to credte a more narrowly directed magnetic field over tibial nerve 38, Like o the all other
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vartations described heretn, more than one coil (in the present variation, more than one
Helmboltz cotl 40} mav be placed within coil wrap 34 and be disposed m different positions
within coit wrap 34, 1 order to oplinuize magnetic flux over tibial nerve. For example, two
Helmholtz coils may be disposed one opposite to the other within coil wrap 34

0093} Having coll windings arranged along a common longitadmal axis, as required
in a Helmholiz coil configuration, generates a more focused magnetic field and a more
accurate targeting of tibial nerve 38 or of any other nerve. Like in the previous variation, the
operation of coils 40 1s controtled by a logic controller 42, which is m turn connected to sensor
44 that momitors conduction in tibial nerve 44 and that generates a feedback to logic controlier
42 about the efficiency of the therapy in progress. Therefore, like in the previous variation, the
coupling of sensor 44 with logic controlier 42 optimizes operation of cott wrap 34 according to
results measured at the level of tibial nerve 38, Also bike m the previous vanation, mannal
adjustruents to the parameters of electiic current provided by logic controller 42 to Helmbholtz
coil 40 may also be made manually by the patient or by a healthcare provider, and col wrap 34
may be structured so that the position of Helimholtz cotl 40 within coll wrap 34 is adjusted as
desived either manually by the patient or by a healthcare provider, or astomatically by logic
controtler 42,

{0094] Referring now to FIG. 3, a third variation includes a coil wrap 46 configured
for wrapping over the popliteal fossa of a patient, in the region of the knee, to stimulate the
posterior fibal nerve {(not shown). The configuration and structure of cotl wrap 46 reflect the
body portion covered by cotl wrap 46, but the key system components of coil wrap 46, such as
the tvpe, number and disposition of the cotls {for example, the use of overlapping cotls); the
connections of the coils with a logic controlier; and the use of one or more sensors {also not
shown) to detect nerve conduction are all comparable to those in the previously described
variations.

{0095] Referring now 10 FIG. 4, a fourth variation includes a footrest or foot cradle 48,
which 1s structured to contain at least a portion of & foot 30, One or more coils 52 ave enclosed
within cradle 48, and a sensor 54 i3 disposed along the pathway of tibial nerve 53, sensing
conduction m tibial nerve 33, and is also connected to a logic controller 56, Coils 52, sensor 54
and logic controller 56 may be arranged in different confignwations, in the same manner as in

the preceding variations.
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[0096] Cradle 48 may be made from a variety of matenials and may be monelithic, or
have a hollow or semi-hotlow structure 10 enable the movement of coils 52 within cradle 48, as
described in greater detai below. Preferably, eradle 48 has an ergononucally design allowing
the ankle and heel of the patient to be retained within cradle 48, 1n a position that matches the
positions of stimulating coils 52 to the area of stumulation. The design of eradle 48 provides
for a particularly comfortable delivery of therapy to patients that prefer to remain seated during
their therapy, and enables the patient to perform the required therapy within a health care
facility, or to take cradle 48 home, typically after an initial session and appropriate traming 0 a
health care facility. In that event, the patient will be trained 1o apply sensor 54 autonomously
and to adjust stimulation to & comfortable level.

{0097] FIG. 4 shows coils 52 disposed as overlapping and the use of a single sensor
patch 54 positioned proximally to the stimulation stte. However, coil 32 may be configured as
a single coil, a figure eight coil, a four leaf clover coil, a Helmboltz cotl, a2 modified Helmboltz
coil or a any combination of the aforementioned coils, or as any other coil design providing an
effective stimulation o the target nerve. In addition, coils 52 may be fred individually,
sequentially or simultancously according to the feedback provided by sensor 54

{0098] In one variant of this variation, sensor 34 may include a conductive electrode
patch that provides a feedback to logic controller 56 for adjusting, 1 necessary, the stimulation
parameters of coils 32. Alternatively, sensor 54 may be a sensor pateh that is either applied to
the skin of the patient or is mcorporated within the structure of cradle 48.

{0099] Referring now to FIG. 3, a fifth variation includes a knee rest or knee cradle S8
that contains one or more conductive cotls 60, one or more sensors 62 and a logic controller
64. The components of this vanation are sinular to those described with reference to the
preceding variations, as regards the structure and materials of cradle 58, the nature and
disposition of coils 60, the type and operation of sensor 62, and the function and operation of
fogic controller 64, Cradle 58 1s configurad to target the popliteal fossa of the patient, thus to
target tibial nerve 66, In that respect, the present vartation is similar to the variation Hustrated
in FIG. 3, but while the variation of FIG. 3 1s configured as a wrap that may be worn while the
patient is standing, the present variation is confignred as a cradle that is more suited for

treatment while the patient is sitting or laying down.
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{0106 A method of use of the foot cradie depicted m FIG. 4 1s described with reference to
FIGS. 6A-6D. During a first step illustrated in FIG. 6A, foot 68 13 disposed m cradle 70 that
contatns one or more conductive cotls 72, which are connected to a logic controlier (not
shown) that manages the flow of electric power to coils 72.
j0101] During a second step iHustrated m FIG. 68, a sensor 74 1s disposed on foot 68 or on
ankle 76 or on another appropriate portion of the patient's body, in order to detect conductivity
in tibial nerve 78 or in another target nerve.
{0102] During a third step illustrated in FIG. &0, a healtheare provider analvzes
conductivity measurements provided by sensor 74 {for example, by reading gauge 77vand first
adjusts the posittoning of coils 72 until conduction in nerve 78 is detected. For example, the
healthcare provider may rotate 2 knob 80, shide a lever or actuate anv other displacement
systent for coils 72 that is known in the art, so that coils 72 are translated until a magnetic field
of the proper amplitude and intensity 1s apphied to cause conduction in nerve 78, The position
of coils 72 13 then fine-tuned maneally antil an optimal level of conduction in nerve 78 is
attained, and the therapy is continued for a length of time as prescribed by the attending
healthcare provider.
{0103] During a fowth, optional step illustrated in FIG. 6D, settings for successive therapy
essions are set, for example by locking knob 80 (in one variation, with a pin 81} so that the
healtheare provider or the patient repeat the therapy using the predetermined seftings.
Alternatively, the patient mav be ramed to adjust the smplitude andfor strength of the applied
magnetic field, as each therapy session requires.
{0104] While the present method has been described with regard to foot cradie 70, the
same method steps may be envisioned for coil wraps or cradles of different configurations, for
example, for the coal wraps and cradles described with reference to the previous figures.
[0105] It an alternative vanation, the logic controller {not shown) may sutomatically
adjust coil positioning to optimize therapy during the initial and successive sessions. While
this set-up may be more ditficalt to inplement, 1t also provides for an accurate targeting of the
target nerve during each therapy session, regardless of alterations in patient positioning or
changes to the anatomy of the patient (for example, when a foot 1s swollen). In this vaniation,

the device simply varies the orientation of coils 34 wntil stimalation has been sensed.
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{0106} Further, coils &4 may be ranslated along a single divection {for example,
horizontally) or along a plurality of directions, to provide for the most accurate positioning of
cotls 84 with respect to the target nerve.

{0107 A second method of use of the foot cradle depicted in FIG, 4 15 described now with
reference to FIG. 7. While this second method iy also described with reference to a foot cradle
82 emploving one or more coils 84 that have a reversiblv lockable, adjustable orientation, the
present method may be equally implemented with a body-worn coil wrap, such as those
described with reference to the previous figures, or to other vanations. In this method, the
patient or the healthcare provider adjosts the positioning of coils 84 to detect conductivity in
farget nerve 89,

{0108] The position of cotls 84 may be translated in different directions (i the Hustrated
variation, may be translated horizontally} and may be locked m an mitial position once
conduction in nerve 89 is detected by a sensor (for example, sensing patch 86).

0109} More particidarly, FIG. 7A llustrates the initial positioning of foot 88 into cradie
82 and of sensor patch 86 on ankle 90 or other appropriate body part of the patient. After
proper positioning of foot §8 is attained, a kuob 92 {or other equivalent device) may be
employed to adiust the position of coils 84, based on the signals (for example, nerve
condaction signals) provided by sensor patch 86, as shown in FIG. TB.

{01146} With reference to F1G. 7C, after neural conduction is detected, coils 84 are locked
in place, and, with further reference to FIG. 7D, foot cradle 82 retains coils 84 locked in
position for forther use in a bome or healthcare office environment. Therefore, in the present
micthod, the patient or a healthcare provider stmply adjusts coil position by shiding coils 84
back and along one axis until electric conduction in the target nerve is detected, although
adjustments along all three axes may be possible w different variants of the present variation.
[0111) Referring now to FIG. 8 8 sixth variation relates to the use of multiple sensors.
While FIG. 8 depicts a variation shaped as a foot cradle 98, it should be understood that the
following description also relates to any other design, whether shaped as a cradle or a wrap or
otherwise. The phuality of sensors 94 described herein may detect a vanety of physiologic
changes, including neural impulses, muscular contraction, twitching, ete. that may occur with

neural or muscular stinmlaiion.
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{0112} One or more of the Hustrated sensors 94 may be emploved over body regions
being stinmlated (for example, back, leg, arm, neck, head, torso, ete)) and may be either
meorporated within an actual cradle or wrap or, otherwise, be apphied separately from the
cradle or the wrap.

0113} Sensors 94 may be stroctured as disposable, single-use, EKG-type patches that are
attached to the body outside of cradle 98 along the nerve conduction pathwayv and are then
connected to the logic contraller {not shown) before beginning therapy. This arrangement
provides for an mtimate body contact of sensors 84 without the nisk of infection or other
detrimental side effects that may be present with transcutancous devices. Sensors 94 may be
emploved both for beginning and for monitoring the stimulation therapy; more specifically,
sensors 94 may be emploved during the beginning of the therapy to optimize the strength of
the magnetic field and/or to adjust the positioning of coils 96 within the cradle 98, Once
therapy has began, sensors 94 continue o monitor nerve conduction to ensure that the correct
level of stimulation is bemg provided. In the event that for some reason nerve conduction
decavs during therapy, the logic controller can automatically adjust the magnetic field,
ensuring that the appropriate therapy is delivered for the appropriate amount of time.

{0114} One or more of sensors 94 m this vatation, or any of the variations described
herein, may take the form of an inductive coil designed to receive impulses from the
underlying nerves, so that inductive technologies may be used to both sumulate the nerve or
tissues as well as to record the effect of the stimulation on nerves or tissyes. Any of sensors 94
may be connected o the logic controller through one or more connection modes, meloding,
but not himited to, wireless signals, wired signals, radio frequencies, Bluetooth, infrared,
vitrasound, direct switching of the current circuit, etc., so long as communication between the
sensor and the device is effective.

[0115] During implementation of the present method, a healthcare provider may simply
elect to use sensors 94 to adjust the device, for example. to lock coils 96 into position, during
the first therapy session and not require the use of sensors 94 during cach successive therapy
3eS810n.

0116} Referring now to FIGS. 9A-9D, there are shown different, non-limiing vaniations
shaped as body worn ergonomic applicator garments. Each of these variations is shown with

overlapping cotls, although coils of any configarations may be used. Bach of the wraps of
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FIGS. 9A-91 corresponds to a coil wrap, inte which a body part may be placed. These
garmenis contain one of more sensors {not shown) that provide feedback to a logic controller
{also not shown), or sensors may be apphed separately from those garments. Systems may also
be included for reversibly or irreversibly locking the coils within the applicator.

0117} More particudarly, FIG. 94 llustrates a vaniation, in which cotls 100 are embedded
in a knee wrap 102 and are connected to a logic controlier {not shown} by a connector 104,
FIG. 9B instead llustrates a variation, in which coils 106 are disposed within an abdominal
garment, for example shorts 108 and in which coils 106 are also connected 1o a logic controller
{not shown} by a connector 110, A marking 112 may be added on one side of shorts 108 o
indicate wrap orientation. FIG. 9C illustrates a coil wrap shaped like a band 114, in which
coils 116 are connected to a logic controller (not shown) by a connector 118, When this
variation is emploved, band 114 may be wrapped around a body portion (for example, an arm)
and be retained 1 place by a system known in the ant, for example, a hook and loop system, a
strap and bucktle svstem, or simply 8 hook disposed at one end of band 114 for engaging fabric
or other material in another portion of band 114, FIG. 9D illustrates g variation shaped as a
shoulder strap 120, the length of which may be adjnsted by a buckle 122 and which has coils
124 disposed in one or more pomis, for example, at the joint between an arm and a shoulder as
shown. Each of these vanations includes one or ore sensors (not shown) that may be coupled
to the garment, or that may be applied separately from the garment.

j0118] Other vanations that are not tHusirated inchude, bur are not himited to: a head worn
garment, such as a cap; a neck worn garment, such as a neck brace; and a lower-back garment,
Each garment and applicator may also utilize the locking, targeting cotl feature described
previously, without reguiring the use of the any sensing components after a proper positioning
of the coils m relation to the target nerve or nerves has been established.

[0119] Stifl other variations are depicted in FIGS. 10 and 11, In these vartations, the source
of energy for nerve stimulation is electrical energy that is dispensed through a percutaneous
stimulator, such as a percutaneons needle 124, or a transcutaneouns stimalator, such as an
electrode 126, As shown i FIG. 10, an electrical pulse controller 128 is electrically connected
both to percutaneous needle 124 and to sensor 134, 1o provide the desired feedback and
modulate the power to percutaneous needle 134, In the variation of FIG. 11, electrical pulse

controtler 130 15 connected both to electrode 126 and to sensor 136, and performs a function
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similar to that of electrical pulse controller 128, With these vaniations, nerve conduction may
be detected at a site suffictently distant from the site of stimulation, so to enable detection of
nerve conduction despite the confoundmng mterference from the direct electrical stumuls.
Further, divect electrical stimulation of nerve and muscle may be tatlored to provide optimal
therapy and, in the case of electrode migration or other electrode malfimction, to report lack of
stimnlation of the bodily tissues. Sull further, these variations enable a reduction in power
requirement, because control of the signal s provided by the sensor to the signal generator
foop.

{0120]  As shown, a device constructed according to the principles described herein
provides a targeted and precise stimulation of the posterior tibial nerve, or of other peripheral
nerves, i a non-imvasive manner by employing an ergonomic wrap or cradle that specifically
targets the posterior tibial nerve in a consistent and repeatable manner. For example, in
patients with OAB or VI, the novel, reversibly lockable movement of the cotls and the use of
logic controller ~sensor toop enables the application of a magnetic field that can be varied in
focation, amplitude and strength according to the anount of stimuiation actually induced in
one of more farget nerves and of the response of the patient to the therapy. Ao apparatus
according to the vanations described herein may deliver any frequency of stimulation,
mcluding low frequencies, high frequencies, mid frequencies and ultrahigh frequencies, and
overlapping and non-overlappmg coils may be used to generate the desired field, although
overlapping or Helmboltz cotls are preferred due 1o their ability 1o tarpget a broader region and
achieve more thorough stimulation.

{0121} Ailments that may be treated through the use of apparatus and methods as
described beretn include not only OAB and VI, but also obesity, depression, urinary
mcontinence, fecal incontinence, hyperiension, pain, back pamn, restless leg syndrome, Guillain
Barre syndrome, quadriplegia, paraplegia, diabetic polyneuropthy, dyskinesias, paresthesias,
dental procedure pain, knee osteoarthritis, anesthesia (pain relief during surgery), Alzheimer's
disease, anging {chest pain from heart disease), ankviosing spondylitis, back pam, bum pamn,
cancer pain, chronic pain, dysmenorrhea (pamfid menstraation), headache, hemiplegia,
hemiparesis {paralysis on one side of the body), labor pain, local anesthesia during gallstone
tithotripsy, facial pain, trigeminal neuralgia, bruxism (tooth grinding) pain, myofascial pain,

pregnancy-refated nausea or vomiting, neck and shoulder pain, pain from broken bones, rib
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fracture or acute trauma, diabetic peripheral neuropathy, phantom Hmb pain, post-herpetic
neuralgia {pain after shingles), postoperative deus (bowel obstruction), irritable bowel
syndrome, postoperative nausea of vomiting, postoperative pain, post-stroke rehabilitation,
rheumatoid arthritis, skin ulcers, spinal cord mjury, temporomandibular joint pain, detrusor
instability, spinal muscular atrophy {in children), pain during hysteroscopy, gastroparesis,
chronic obstructive pulmonary disease rehabilitation, carpal tunnel syndrome, soft tissue
injury. multiple sclerosis, intermittent claudication, attention-deficit hyperactivity disorder
{ADHD), cognitive imparrment, knee replacement pain, achalasia, atopic eczema, bursiis,
carpal tunne! syndrome, dementia, depression, dry mouth, dystonia, enhanced blood flow in
the brain, enhanced blood perfusion of the uterus and placents, esophageal spasm,
fibromyalgia, fracture pain, Guillain-Barre syndrome, hemophilia, herpes, hip pam, mnterstitial
cystitis, iritable bowel syndrome, pruritis, joint pain, labor mduction, local anesthesia,
menstrual cramps, moscle cramps, muscle spasticity, muscle strain or pain, musculoskeletal
trawma, myofascial pamn dyshunetion syndrome, nerve damage, osteoarthritts, pam medication
adjunct, pancreatitis, Raynaud's phenomenon, repetitive strain injuries, sacral pain,
schizophremia, shingles, shoulder subluxation, sickle cell anemta pain, Skin flap ischemia
{during plastic surgery), sphincter of Oddi disorders, sports injuries, thromboplhilebitis, tinnitus
{ringing in the ear), restless legs, tremor, whiplash and neuralgias. In contrast to implantable
nerve stinulators, this therapy 1s completely non-invasive and does not require a major surgery
to inplant a permanent nerve stinulation device. Moreover, this therapy can be controlied to
optimize the level of therapy delivered according to power consumption and nerve stimulation
requirements and need not be delivered by a professional healthcare provider,

j0122] In other vartations, neunral stimulation may be applied as electrical transcutaneous
stimulation, for example, by inserting an invasive electnical needle into a target body part and
by modulating stimulation i3 modulated on the basis of information sent back to the logic
controller from the one or more sensors that are used to detect andfor maintain the correct level
of stimudation. The transcotaneous electrical stimunlation sensor may be placed in the body
independently or be incorporated within the wrap and may provide, among other things,
feedback as to the guality of the electrical connection to the skin, which is directly related to
the burn risk inherently associated with this tvpe of therapy. In fact, these methods of

stimulation may not be optimal due 1o the resulting skin fritation and risk of potential burns, a

Petitioner - Avation Medical, Inc.
Ex. 1023, p. 23



1

-

{

i 4]

30

Attorney Docket No. EMRNNZGO702

very serious issue in the large percentage of patients that have neuropathies. Even when
patches are applied to monitor transcutaneous stimulation very closely, the patches may still
become displaced and allow a burn to occur. Moreover, potentially interfering electrical
impulses may develop at the treatment site, creating a noisy environment for the detection of
nerve conduction.

{0123 I still other variations, an external coil or coils may be inductively connected to an
implanted coil or cotls may be utilized. In these variations, an ergonomic applicator may be
adjusted by the user or by a healthcare provider such to optimize inductive power transmission
between the external and implanted coils. One or more sensors may be utilized to provide a
feedback that the relative coil positions have been optimized, and the external coil may then be
reversibly locked into position within the ergonomic applicator. Two applications of this
variation relate to the transter of power to recharge an implantable device, and to the wansfer
of power to activate an implantable device.

[0124] In the first application, when an implantable rechargeable device is utilized, the
external coils may be used for recharging the implanted device by means of inductive fields
generated by the external cotls. The external coils may include cirenitey that deternunes the
amount of resistance encountered by the magnetic field or other electrical properties related to
the gquality and degree of the magnetic coupling that 1s being established. Based on this
feedback, the position of the external cols may be adjusted manually or automatically to
optimize the coupling achieved with during each recharging session. Alternatively, a sensor
may be incorporated into the nmplantable device and may communicate the degree and qoality
of the magnetic coupling to the external coils and/or the connected circuitry via wireless
conumunication, providing a feedback for the antomatic or manual adjustment of the external
recharging coils.

[0125] The coils within the ergonomic applicator may be reversibly locked into place for
the duration of the recharge session, and the buplantable device may alse communicate to the
external recharging unit that the implaatable device has been fully recharged, terminating the
recharging session has been completed. By providing for an mtermitient recharging of an
implanted device, an apparatus according as described heren enables the implantable device to
devote more power to performing is intended function optimally and with a lesser concemn

about protecting or extending battery life.

Petitioner - Avation Medical, Inc.
Ex. 1023, p. 24



10

-

i 4]

30

Attorney Docket No. EMRNNZGO702

j0126] Iy the second application, the powering coils may contain circuitry to deternsine the
amount of resistance encounterad by the apphed magnetic field, or other electrical properties
that may reflect the quality and degree of the magnetic coupling that is being achieved. Based
on this feedback, the powering coils in the applicator may be adjusted manually or
automatically to activate and optimize the coil coupling at the beginning of each therapy
session. Alternatively, a sensor may be incorporated into the implantable device and
communicate the degree and quality of the magnetic coupling externally via wireless
communication, which may i turn provide feedback for the automatic or manual adjustment
of the powering coil. In one vartant of the present variation, the mductive coils mav be
magnetically coupled to a needie targeting the posterior tibial nerve.

{0127} An exemplary method of use of an apparatus as described herein on a patient
suffering from VI andfor OAB includes the following steps:

{0128] The patient places g conductive wrap contained within g flexible material over a
region of the ankle (or alternatively over the knee) to provide the required pulsed magnetic
field. Alternatively, the patient may use an ergonomic footleg rest or cradie having embedded
cotls,

{0129] A sensor {for example, a sensor patch} is placed on the patient's body along the
path of the nerve, ideally proximal 1o the stimulation site to ensore afferent nerve stimulation,
and is connected to a logic controller.

0136} A physician or healthcare provider adjusts the coils in the wrap or cradie until
nerve conduction is achieved based on patient and sensor feedback. An optimal position i3
sought, and the cotls may be reversibly locked into position within the conductive wrap or
ergonomic cradle and remain in this posttion dunng subsequent use.

{0131}  During the therapy session, the logic contrelier provides an electric current to the
coils, generating an inductive magoetic field. In one variation, this field begins at low
amplitude and slowly ramps up until nerve conduction exceads a threshold level, as signaled
by the sensor and possibly by the patiert, who may feel motor conduction, Alternatively, one
or more coils may also be activated to merease the covered area of stimudation in the event that
stimulation does not occwr with the initial coil configuration or is inadequate

{132]  The optimal stimulation may be determined 10 a vanety of manners, for example,

by measuring exposure to electromaguetic fields capable of generating a square wave electric
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signal at a frequency of 10-30 Hz at the targeted tissue depth. The square wave configuration
of the signal may be generated via Fourier transformation or may be a ramped corrent
generated i any manner,

{0133} The inductive magnetic pulses continne for an appropnate duration of use, for
example, for 15-30 minvtes. The sensor may remain m place during the entire therapy session
to ensure that stimulation occurs consistently and 1o provide for appropriate corrections if
nerve conduction detentorated. The logic controller may be powered either by a portable power
source such as a battery, or by or a fixed power source such as a tradittonal wall outlet.

j0134] The conductive wrap and/or ergonomic cradle is removed from the body when
therapeutic stimulation is not being delivered, typically at the end of the therapy session.
{0135} The conductive wrap andfor ergonomic cradie 1s reapphied along with the sensor
patch (ideally disposable) from time to time as indicated, for example, on a daily basis, and
steps 4-8 are repeated.

0136} The devices and methods desertbed herein miay be applied to any body tissues,
mcluding nerve, muscle, skin, vasculature, or any other organ or tissue within the human body.
Further, the devices and methods described herein may be used to treat any conditions suited
for newomodudation regardless of whether the stimudation sowce is an electromagnetic field, a
direct electric current, a RF field, infrared energy, visible light, ultraviolet light, ultrasound, or
other energy dispensing device.

j0137] I other varations, as shown in FIG. 12, an energy emitting systent 210 for
providing a medical therapy includes one or more conducttve coils 212 disposed within or
along a housing 214, one or more sensors 216 configured to detect electrical conduction m a
target nerve or to detect muscle stimulation, and a controller 218 connected or coupled to the
conductive coils 212 and optionally in communication with the sensor 216, In certain
variations {as shown in Fig 12), the controller 218 can be integral with the housing 2143 The
coils 212 are configured such that an electrical current generated by the controller 218 15
passed through the coils 212 generating a magnetic field which will stimulate a target nerve,
e.g., the tibial nerve 220, a muscle or other body part contaming a portion of a target nevve, or
any nerves branching off of a target nerve, located in proximity to the coils 212, Inthis
particular variation, the housing 214 is in the form of a foot cradle, as shown in FIG. 4,

however, the housing could also be m the form of a flexible wrap, garment or other design

26 .. . .
Petitioner - Avation Medical, Inc.

Ex. 1023, p. 26



1

-

{

i 4]

30

Attorney Docket No. EMRNNZGO702

suttable for use with a subject. i various variations described herein, sensors may detect
voltage or current and may be connected, coupled, wirelessly connected or coupled or
otherwise i communication with the housing andfor controller using a variety of methods or
techniques known mn the art.  The sensor may be placed over a muscle to detect muscle
stimulation resulting from stimulating the target nerve (as shown in Fig. 12} or over any other
portion of the subject’s body suitable for detecting conduoction of the target nerve.

{0138} Referring to FIG 13 and 16, the sensor may be in the form of a microneedie paich
228, which can be removably attached to the slan surface of a subject. The mucroneedle patch
228 may include a housing 231, having one or more electrodes 232 and one or more
microneedles 235 deposited or arrayed on a surface of the electrode 232, forming one or more
microngedle arcays 334, In FIG 13, microngedie patch 228 has the shape of a square, and the
microneedles 235 are arrayed on the bottom surface 236 of the electrode 232 ma 16 X 16
configuration. However, as shown in FIGS 14-15, nuicroneedle patches may be designed n a
variety of shapes, e.g., round, oval 229, rectangular 230, hexagonal, and a vanety of sizes.
The microneedies may be arraved in 8 variety of arrangements and patterns (e.g., 14 X 14, 12
X 12, ete.) depending on the particular use and needles.

{0139] Addrtionally, microneedies may be attached, deposited, or arraved on an electrode
surface or paich in a variety of configurations and arrangements, depending on where the
particular microneedle patch will be utilized and the treatiment to be delivered. The number of
microneedles included in an array can vary, For example, the number of microneedles may
range from about 3 to 300 or 100 1o 400 or about 200 to 300 or about 256, In certaim
variations where micronecdies are composed of strong, highly conductive material, the nunber
of microneedles necessary may be less and may range from about S to 100 or 13 to S0 or S o
50. However, where microneedles are composed of higher resistance metal, a greater number
of needles may be needed, e g, sbout 100 to 300 or about 200 to 300 or greater than 500
{0140] Referring to FIG. 18, a magnified view of a microneedle array 234 composed of
one or more microneedles 235 15 shown, Microneedies 235 may mclude a base portion 238
and an upper poriion 239, Microneedles 235 may bave lengths in the range of about 1 1o 400
microns or 10 to 400 microns or preferably about 100 to 150 microns, and a diameter in the
range of about 1 to 100 microns. A microneedle 235 may be tapered in diameter, gomng from a

farger to smaller diameter from the base portion 238 1o the upper portion 239 where the distal
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tip 240 of the micronsedle s preferably pointed or sharp. The upper portion 239 of the
microneedle 235 may have a diameter in the range of about 10-30 microns or about 15 t0 25
microns. Optionally, for ease of production, the base portion 238 of the mucroneedle 235 may
be thicker than the distal tip 240 or upper portion 239 of the microneedle 235, In certain
variations, as shown i FIG 17, a bulb 237 may be provided at the distal tip 240 of a
microneedle 235 to provide for effective anchoring of the micronesdle 235 in the skin of a
patient or subject. Microneedles 335 can include any number of friction or grip increasing
features. For example, they may include projections, barbs, bulbs or a roughened surface or
tip. Microneedles 235 may take on various configurations, e.g., straight, bent, filtered, hollow
or a combination of the above.

{0141} In other vanations, microngedles may have lengths that range from about 480 10
1438 microns, widihs from about 160 o 470 microns: thicknesses from showt 30 (o 100
ncrons and tip angles from about 20 1o 90 degrees, and arrays can contain from S to 50
nucroneedles. For example, microneedles having these dimensions have been shown o be
fess painful than hvpodermic needles. Length and number of microneedies can affect the level
of pain experienced. Decreasing microneedie length and/or the sumber of microneedies may
be beneficial and act to further reduce pain and provide comfort,

j0142] In certain variations, the one or more microneedies may include an electrically
conductive matenal such that the microneedies may transmut an electrical signal to an
overlying electrode or other surface. Microneedies may be constructed of an electrically
conductive material and/or coated with an electrically conductive material. Optionally,
nucroneedles may be coated with an electrically conductive material and constructed of a non-
condactive material. Microneedles may be fabricated using a variety of matenials, e g, metals,
stainless steel, solid or coat of gold over Ni, Pd or Pd-Co, Pt, silicon, silicon dioxide,
polymers, glass, biocompatible polvmers, ttanium, sibver, or suture materials. Biodegradable
polvmers may also be used such that if a tip of a microneedle were to snap or break off during
msertion, it would eastly biodegrade,

j0143] A microneedie array 234 may be constructed or fabricated using any variety of
mannfacturing methods known to persons of ordinary skill in the art. Microneedles mayv be
arrayed, attached, etched or deposiied onto a surface of an electrode. In another variation,

nucroneadles may be etched from or deposited onto g silicon electrode, such that the
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microneedle patch, including electrode and micronesdles, are made from one material creating
a durable and stable microneedie paich.

{0144 As shown in FIG 18, microneedles may be fabricated by creating micron sized
holes on a silicon substirate and by using a KOH solution to create the needie shape. In other
variations, the microneedles may be made of non-condactive material bat way still be utihzed
to provide superior anchoring properties such that a microneedie patch may effectively adhere
or attache to a subject’s skin.

{0145} fn certamn variations, microneedle arrays are fabricated by patterning SU-8 onto
glass substrates and defiming needle shapes by hithography. The tips of the needles can be
sharpened using reactive ion etching. Optionally, holes may be drilled, e.g., by laser, through
the microneedies and base substrate. Holes may be drilled off-center, but paralled 1o the
microneedle axis, terminating in side-opening holes along the needle shaft below the needle
tip. If desired, the holes can serve as micro fluidic needle bores for mjection or infusion of
drogs, medicines, nsulin, proteins, nanoparticles that would encapsulate a drog or demonstrate
the ability to deliver a virus for vaccinations, gtc. 1o be vsed separately or in combination with
clectrical or roagnetic therapy, The microneedles may also be coated with nickel by
electroplating, which can increase their mechamical strength.

j0146] In certain variations, microneedle patches or microneedle electrode arrays are made
by fabricating master structures from which replicates are molded and then made electrically
active, For example, SU-8 mav be spun on a glass substrate bearing an srrav mask pattern,
baked, and then exposed from the backside to from a tapered needle structore. Microneedles
may be sharpened by RIE etching. A PDMS {polvdimethylsdoxane} or similar material mold
can then be copied from the master. A PMMA {polymethyimethacrylate) microneedle amay is
formed by solvent-casting and then released from the mold.

[0147] To provide the arrays with electrical functionality, a T/Cu seed laver may be
deposited on the PMMA array and patterned by excimer laser to glectrically isolate adjacent
rows, A Nt layer {e.g., abont 15 to 30 microns or 20 to 25 mucrons thick) may be clectroplated
on the patterned seed layer to enhance straciural rigidity. A backside electrical connection to
the array may be formed by backside etching of a hole and forming an electrical connection

through the hole.
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0148} In another variation, the microneedle array 1s arvanged ina 16 X 16 array {L.e, 256
needles). Each needle has a height of about 400 microns and the base diameter is about 100
microns. The pitch between microneedles can be about 230 microns. The microneedle arrays
are then coated with metal and laser-etched to provide electrical functionality. Optionally,
rows of microneedles can be electrically 1solated from each other so that alternating rows can
provide alternating electrical polanty. The arrays are also interfaced with a power source.
Microneedles may be made of polymer, coated with a metal, and etched to act as alternating
electrodes. In certamn variations, the fiving sequence of the microneedles by rows or groups
may be varted or configured to alternate.

[0149] In certain variations, a microneedie array may include one or more microneedies
having multiple channels. For example, a multichanne! silicon microneedle may be
constructed to deliver bioactive compounds into neural or other tissue while simaltaneously
menitoring and stimulating newons and nerves.

jo156] FIG. 19 shows a cross sectional view of the skin 10 composed of an outer stratum
corneum 15 covering the epidermis 16, The skin also includes the dermis 18, subcutansous
tissuefat 12, and these layers cover muscle tissue 14, As shown in FIG 19, when a
microneedle patch 228 i3 attached to a subject’s skin, the microneedles 235 perce the outer
msulating stratam corneum layer 15, The microneedle patch 228 can detect current passing
through a stunulated nerve, and provide a superior signal as the current detected is conducted
through the microneedles 235, thereby bypassing the poorly conductive stratum corneum layer
15 which generally encompasses the owter 10 1o 15 microns of skin. 1n other vanations,
nucroneedles 235 may be fabricated to be long enough to penetrate the stratum corneum 15,
but short enough not to puncture nerve endings, thus reducing the nisk of pamn, mfection or
mjury.

[0151) It certain variations, microneedles are formed such that they are in direct contact
with their corresponding or overlving electrodes. For exaniple, 8 microneedle patch may
include an adhesive electrode pad and may utilize a conductive gel to help hold the
nicroneedles i place to prevent shear forces from breaking or bending the microneedles.
j0152] In certain variation, as shown in FIGs. 208-20d, a microneedle patch or applicator
may inclode mudtiple electrodes on a single patch or applicator, e.g | positive, negative, andfor

control or ground electrodes, where the mucroneedles will be grouped in multiple arrayvs such
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that they conduct to the appropriate electrode. For example, FIGS 20a and 20b show a single
patch having positive, negative and control electrodes where a separate arvay of electrodes 15 1n
contact with each respective electrode. This arrangement can be created asing a single pateh.
Alernatively, as shown in FIG. 20c¢, two patches may be implemented, one including the
control electrode with corresponding microneedle array and the other including the positive
and negative electrodes with corresponding microngedle arravs. The various electrodes counld
be mterchanged. Alternatively, as shown in FIG. 20d, three patches may be implemented,
each having a separate electrode (control, positive, or negative} with a corresponding
nucroneedle array. In use, in certam variations, the control may be attached above or near
bone, while the positive andfor negative electrodes may be attached above nerve or muscle.
{0153} Referring agam to FIG. 12, the encrgy emitting system 210 can be used to treat or
prevent vanous conditions, e.g., arinary incontinence, restless leg syndrome and fecal
wcontinence, among others. Energy emitting svstem 210 includes one or more conductive
coils 212 disposed within or along a housing 214, one or more sensors 216 configwed to
detect electrical conduction in the target nerve or 1o detect muscle stimulation, and a controller
2138 coupled to the conductive coils 212 and optionally in communication with the sensor 216.
The coils 212 are configured such that an electrical current generated by the controller 218 1s
passed through the coils 212 generating a magnetic field which will stimulate a target nerve,
e.g., the tibial nerve 220, a muscle or other body part contaming a portion of a target nerve, or
any nerves branching off of & target nerve, focated in proxumity to the coils 212, In this
particalar vartation, the housing 214 13 1 the form of a foot cradle, as shown in FIG. 4,
however, the housing could also be m the form of a flexsble wrap, garment or other design
suttable for use with a subject.

{0154}  Referring agam to FIG. 12, energy emitting system 210 may be used to treat or
prevent various conditions, e.g., arinary mcontinence, restless leg syndrome or fecal
mncontinence. In certain vartations, a method of using the energy emitting system 210 includes
positioning a first portion of g patient’s body, for example a foot, ankle, or leg, relative to
housing 214 such that a posterior tibial nerve 220 within the first portion of the patient’s body
is in proximity to one or more conductive coils 212 disposed within or along the housing. In
this particular variation, a patient’s foot is postiioned m a housing which i3 in the form of a

foot cradle 215, A sensor in the form of a microneedle patch 228 may optionally be positioned
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along a second portion of the patient’s body i proxamity to the posterior tibial nerve 2200 In
this particular variation, nucroneedle patch 228 is attached to the patient’s foot over a muscle
to detect mascle stimulation.  Alternatively, a patch could be placed elsewhere on the patient,
for example, on the leg in proximity 1o the posterior tibial nerve 220, proximal to and up-
stream from cotls 212, Microneedle patch 228 may be composed of one or more microneedle
arrays and one or more electrodes, as described supra.

{0155] Once the patient’s foot is in position and the microneedle patch 228 (e.g.,
conductive nucroneedle patch) 1s i place, a current 13 passed from controdler 218 through coils
212, and s a result, the coils 212 generate a magnetic Held which 1s focused on the postertor
tibial nerve 220. The magnetic field stimulates tibial nerve 220, generating a current that will
flow along the tbial nerve 220 and spread alonyg ifs length, to its sacral or pudendal nerve
roots. Microneedle pateh 228 detects corresponding muscle stimulation or twitching or
glectrical conduction through the stimulated posterior tibial nerve, Upon detection, the
nuicroneedle array may conduct and transmit an electrical signal o the overlving electrode of
microneedle patch 228, The signal may be transmitted 10 controlier 218, which can be mntegral
or a separate controfler or device, or a separate controlier coupled to controller 218, The
controtler can then be varied or adjusted (10 adjust the current or magnetic field) based on the
signal recerved from nucroneedle patch 228 to ensure that adequate conduction of the posterior
tibial perve 220 occurs and an adequate and accurate dosage of treatiment is being recetved.
Although shown utilizing g sensor, # 15 glso contemplated that the system could be used
without a sensor.

{0136} Referring to FIG. 21, the method of using energy emitting system 210 described
above with respect to FIG. 12 may be varied such that a conductive microneedle patch 228 15
placed in proximity to or proximally over the afferent posterior tibial nerve 220, i.e. behind
the patient’s knee. In this position, a conductive microneedle patch 228 detects electrical
conduction throngh the afferent posterior tibial nerve, Le., it detects the electrical signal
traveling through the postertor tibial nerve back up to the brain and spinal cord or &t may detect
corresponding muscle stimudation. The mucroneedle patch 228 sends the signal to controller
218 or 1o a separate controller coupled to controller 218, The controller can then be vanied or

adjusted based on the signal received from mucroneede patch 228 {0 ensure that adequate
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conduction or stimulation of the posterior tibial nerve 220 occurs and an adequate and accurate
dosage of treatment is being received.

{0157] A sensor gtilized in the energy emiiting system 210 may be a microngedle patch
228 as described above or optionally the sensor may a sensor type known in the art {e.g., EKG
sensor} or as descnbed in any of the vanations herein. It 1s also contemplated that energy
emitting system 250 can be utilized without a sensor. Optionally, the sensor may be
positioned within or along the housing, e.g., the foot cradle, along with the one or more
conductive cols, or posittoned at a site distant from the housmg or conductive cotls.

j0138] In certain variations, energy emitting system 210 my optionally include one or
more conductive microneedie patches which can be positioned in proximity to the target nerve
or nuuscle and provide an additional or supplemental electrical or magnetic stinwulus to the
target nerve or muscle.

10139 Referring to FIG. 22, the energy emutting svstem 210 described above with respect

to FEG. 12 may be varied to create energy emitting system 260, Energy emitting system 260
further includes one or more percutaneous electrode needles 262 or other needes or other
percatanecus electrodes coupled to a controtler 218 and having an end insertable into a
subject’s body m proximity to said target nerve or stimuldation site. The percutaneous
electrode needle 262 is mductively coupled to one or more conductive cotls 2120 In use, a first
portion of a pattent’s body, for example a foot, ankle, or leg, is positioned relative to housing
214, e.p., foot cradie 215, such that g target nerve, e g, posterior tibial nerve 220, ocated
within the first portion of the patient’s body 1s in proximity to one or more conductive cotls
212 disposed within or along the housing 214, Conductive coils 212 are positioned proximate,
optionally downestream or distal to, a selected stimulation site 261. The percutaneons
electrode needle 262 1s inserted through the skin at a location and to a depth that brings the tip
in close proximity to the stimulation site or target nerve o be stimulated. The controller 218 15
activated and a current passes through conductive coils 212, The resulting magnetic field
generates a current that traverses the mternal stimulation site 261 by passing from condoctive
coils 212 {o the mternal percataneous electrode needle 262, as imndicated by amow 1. Also, the
percutaneous electrode needle may be positioned within the generated magaetic field, whereby
the magnetic field itself generates a crarent in the percutaneouns electrode which stimulates a

target perve or traverses an internal stimulation site. Optionally, a current mav be passed from
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the controller 218 through conductive coils 212 andior from the controller 218 through
percataneous electrode needle 262, traversing the internal stimulation site as the current passes
between the cotls and needle.

{0160] In energy emitting system 260, current density and subsequent electric field
intensity generated between conductive cotls 212 and percuianeous electrode needle 262 18
greater than that generated by traditional percutanecus stinulators. A greater electric field
intensity makes site location for conductive coils 212 and percutaneous electrode needle 262
easter. Furthermore, the Joad impedance through the surface of the skin s much higher than
the internal impedance, and as such, the relatively high load fmpedance lessens the likehhood
of damage to tissue and nerves due to high current pulses.

{0161} Referring agamn to FIG. 22, a percutancous ¢lectrode needle for use in any of the
energy emitiing svstems described berein may include a variety of designs. For example,
percutaneous electrode needle 262 may include a metal or plastic handle 263 t provide a
secure grip for the pser, while minimizing the risk of shock to the user. The needle tip can
have a terminal portion 264 which may extend between about 0.5 and 10 num or about 2.0 mm
from the needle fip and may be coustracted out of medical grade stainless steel or other
biocompatible metals, The diameter of the needle can be small (less than about .25 mm)
which munimizes trauma during insertion. Optionally, needle 262 can be coated with Teflon or
sumilar insulative material 263 except for an exposed tip area 264, Tlus allows for a higher
field density at the tip for more precise operation. The exposed needle tip area 264 should have
a sufficiently large surface area so as pot to create too high a local current field that may cause
HTHEoNn or pain.

j0162] In another variation, as shown in FIG. 23, percutaneous electrode needle 272 may
be used i energy emitting system 260, Percutaneous electrode needle 272 may be constructed
out of medical grade stainless steel or other biocompatible electrically conductive metal.
Percutanecus electrode neadle 272 includes a fust end 276 for msertion into the patient's body
i proximity to the preselected internal stimulation site or target nerve to be stimulated, and a
second end 277, The size of the needle electrode 272 15 preferably small, for example 34G
neadle electrode (0.22x10 num), to minimize trauma doring insertion. Percutaneous electrode
needle 272 may also melude an electrically conduetive adaptor, e.g., an electrically conductive

tape member 273, The tape member 273 includes an electrically conductive adhesive portion
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274 and an electrically conductive non-adhesive portion 275, Alternatively, the adaptor may
include an electrically conductive chip. The second end 277 of the needle electrode 272
preferably includes an enfarged portion to enable the electrically conductive tape member 273
to be more easily adhered thereto. Once it is determined that the percutaneous needle
electrode 272 15 properly positioned, the needle is fixedly adhered to the electrically
conductive tape member 273 by folding the ends of the adhesive portion 274 of the electrically
conductive tape member 272 over the second end 277 of the needle electrode thereby forming
an electrical connection there between. The percutaneous needle electrode 272 is electrically
coupled to controtler 218 via electrically condoctive tape member 273, Various other
plantable or insertable electrode needles known to persons of skill n the art mayv also be
utihized in the above described systens.
{0163] fnt certain vanations of energy emitting system 260 as described above and shown
i FIGS. 22-23, a sensor 216, such as a conductive microneedle patch 228, may be utilized to
detect electrical condaction through the stimulated posterior tibial nerve 220 or to detect
muscle stimulation, and transmit the signal to controller 218, The signal may be transmitted to
controller 218, a separate controller or device, or a separate controller coupled to controller
218. The controlier can then be vanied or adjusted based on the signal from microneedle patch
228 to ensure that adequate conduction of the posterior tibial nerve 220 occwrs and an adequate
and accurate dosage of treatment is being recerved. It 13 also mmempiazed that energy system
260 may be utilized without g sensor 216, see for example FIGS, 24-25. Optionally, other
types of sensors may be used i place of a mucroneedie paich sensor, sach as other sensors
described herein and sensors known to persons of ordinary skill mw the art. The sensor may be
placed over a portion of the subject’s body suitable for detecting conduction of the target nerve
(e.g., on the Jeg as shown) or over a muscle to detect muscle stunulation resulting from
stimnlating the target nerve.
{0164] tn certain variations, as shown i FIG. 20, an energy emitting system 230 for
providing a medical therapy includes a microneedle patch 232 {e.g., conductive microneedle
patch) having one or more microneedle arrays deposiied on a surface of one or more
electrodes; one or more sensors 221 configurad to detect electrical conduction in the target
nerve of to detect muscle stimudation; and a controlier 218 coupled to microneedle patch 2352

and mn conununication with sensor 221, The micronesdie patch 252 is configured such that an
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electrical current generated by the controller 218 15 passed through the microneedie patch 252,
generating a magnetic field or debivering or generating an electrical or magnetic stimulus to a
target nerve, e.g., the tibial nerve 220, a muscle or other body part containming a portion of &
target nerve, or any nerves branching off of a target nerve, located in proximity to microneedie

2

patch 252
{0165] Referring to FIG. 26, a method of using the energy emitting system 250 may
include placing a conductive microneedle patch 252 on a first portion of a patient’s body, for
example a toot, ankle, or leg, m proxinuty to postenior tibzal nerve 220 within the first portion
of the patient’s body. Sensor 221 1s positioned along a second portion of the patient’s body
proxinity o the posterior tibial nerve 220, In this particular variation, sensor 216 1s attached
to the patient’s leg in proxinuity to the posterior tibial nerve 220, proximal to and up-stream
from conductive microneedie patch 252, Conductive microneedle patch 252 15 composed of
one or more microneedle arravs and one or move electrodes, as described in the varations
above.

[0166] Once conductive microneedle patch 232 and sensor 221 are in position, a current i3
passed from controller 218 through conductive nmicroneedle patch 252, resulting 1o an
electiical stimuilus of the posterior tibial nerve 220, Alternatively, the microneedle array may
be insulated or constructed of non conductive material such that the microneedle patch 252
generates a magnetic fleld that stimulates tibial nerve 220 in a manner similar to the one or
more coils described m the vartations above, without an electrical stinmlus, Whether the
stimulos s electrical or magnetic, either stimulus will generate a current that will tlow along
the tibal nerve 220 and spread along its fength, to ts sacral or pudendal nerve roots. Sensor
221 detects electrical conduction through the stimulated posterior tibial nerve 220, and then
transmits the signal to controller 218, In certain variations, the sensor may be i the form of'a
microneedle patch sensor. The signal may be transmitted to controller 218, a separate
controtler or device, or a separate controller coupled to controller 218, The controller can then
be varied or adjusted based on the signal from sensor 221 1o easure that adequate conduction
of the posterior tihial nerve 220 occurs and an adequate and acearate dosage of treatment 13
being received.

{1167] The sensor utilized in the energy enutting system 2530 may be a sensor of the type

described above, with respect to other variations. Optionally, for example, the sensor may be a
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microneedle patch. it is also contemplated that evergy emitting system 250 can be utilized
without a sensor.  The sensor may be placed over a portion of the subject’s body suitable for
detecting condaction of the target nerve (e.g., on the leg as shown) or over a muscle to detect
muscle stimulation resulting from stimulating the target nerve,

j0168] In certain vanations, energy enniting system 250 my optionally include one o
more conductive cotls disposed within or along a housing which can be positioned in
proxamity to the target nerve or muscle and provide an additional or supplemental stimuolation
of the target nerve or muscle.

{0169]  Referring to FIG. 27, the energy emitting system 350 described above with respect
to FIG. 26 may be varied to create energy enitting system 280, Energy emitting system 280
further includes one or more percutancous electrode neadles 202 coupled to a controller 218
and having an end insertable into a subject’s body m proxumity to said target nerve.
Optionally, the electrode needle mayv be non-percutancous, such that it 18 insertable inan
orifice or opening in the subject, such as a natural onfice. The percutaneous electrode needle
262 s inductively coupled to conductive microneedle patch 252, In use, a microneedle patch
252 is placed on a first portion of a patient’s body, for example a foot, ankle, or leg, in
proxinuty to posterior tibial nerve 220 within the first portion of the patient’s body and down-
stream or distal to a selected stimulation site 261, The percutaneous electrode needle 262 1s
inserted through the skin at a location and to a depth that brings the tip in close proximity to
the target nerve to be stimulated.

{0176} The controler 218 1s activated and a corrent passes through microneedle patch 252

and traverses the interngl stimulation site 261 by passing from mucroneedie patch 252 to the

internal percutaneons electrode needle 262, as indicated by arrow i The current passing
through microneedle patch 252 may also generate a magnetic field which can generate a

current that traverses the internal stimulation site 261 by passmg from mucroneedie patch 252
to the internal perawtaneous electrode needle 262, Also, the percutaneous electrode neadle
may be positioned within the generated magnetic field, whereby the magnetic field generates 4
current in the percutaneous electrode which stimulates a target nerve and traverses an interpal
stimnlation site. Optiopally, a cwrrent may be passed from the controller 218 through
microneedle patch 252 and/or from the controller 218 through percutancous glectrode needle

262, traversing the internal stimulation site as the current passes between the patch and needle.
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{0171}  Referring to FIG. 28, energy emitting system 288 may be modified by using
percatanecus electrode needle 272 in place of percutaneous electrode needle 262,
Percutaneous electrode needle 272 would be constructed and function as described above with
respect to FIG. 23, Various other implantable or insertable electrode needles known to
persons of skill in the art may also be vtilized | the above deseribed systems. Additionally,
energy emitting svstem 280 mayv utilize a sensor to detect electrical conduction through the
stimulated posterior tibial nerve 220 and send a corresponding signal indicative of the detected
conduction to controller 218 or other device such that the electrical or magnetic stmulus can
be adjusted as necessarv. The sensor may be g sensor 221, or optionally the sensor may be a
microneedle patch. {1 s also contemplated that energy emitting system 280 can be utilized
without a sensor. The sensor may be placed over a portion of the subject’s body suitable for
detecting condaction of the target nerve (e.g., on the leg as shown) or over a muscle to detect
muscle stimulation resulting from stimulating the target nerve,

j0172} In any of the above systems, vanations are contemplated where the sensors are also
coupled or connected to or otherwise in communication with energy emitting devices, e.p., the
conductive coils or conductive microneedle patches.

{0173] fn certain variations, the one or more microneedies of the nmucroneedie patch may
mclude an electrically conductive material such that the microneedies may transmit an
electrical signal to an overlying electrode or other surface. Microneedies may be constructed
of an electrically conductive material and/or coated with an electrically conductive material.
Optionally, microneedies may be coated with an electrically conductive material and
constracted of @ non-conductive material. Microneedles may be fabricated using a variety of
materials, e.g., metals, stanless steel, solid or coat of gold over NI, Pd or Pd-Co, Pt, sihicon,
stlicon dioxide, polyiners, glass, biocompatible polymers, titantum, siver, or suture materials.
Biodegradable polymers mav also be used such that if a tip of a microneedle were to snap or
break off during insertion, it would easily blodegrade. Optionally, the microneedle patch nay
be non-conductive.

{0174} In certain variations, an electrode patch for improved conductance or conduction s
provided. The patch can include at least one electrode having a first surface and/or a second
surface. The electrode may optionally be attached to various other materials or adhesive

materials. An array of nucronesdles may be deposited on a surface of the electrede, or
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attached to a patch or other material and indirectly or diectly connected to the electrode. The
array of microneedles may inclode a conductive material. Such patches may be used as a
sensor to detect muscle stimulation or electrical conduction, or to provide or deliver an
electrical stimulus or magnetic field, e.g., 1o a target nerve, and may optionally be used in any
of the variations desciibed herewn or 1o any application where improved conductance or
conduction 1s desired. Microneedles vield improved reduction in impedance compared to
simple abrasion and other techniques, and are less painfud and more comfortable for the
patient.

we sensed at the skin and detectable or

&

j0175] In certain varigtions, typical volta
conductable by a microneedle patch or microneedle array may range from abowt 1 1o 400
microvolts or about 10 to 300 microvelts.

{0176} fnt certain varations, methods of treating a subject with urinary mcontinence or
various pelvic floor disorders utilizing the energy emitting systems described herein are
contemplated. Symptoms associated with unnary incontinence may be observed, detected, or
diagnosed. An energy emifting device having one or more energy Renerators, .., one of
more conductive coils or one or more microneedle patches, may be positioned in proxinuty to
a target nerve, e.g., the tibial or posterior tibial nerve or popliteal or sacral nerve or branches
thereof of a subject or patient along a first portion of a subject’s or patient’s body. The subject
may or may not be exhibiting symptoms associated with wrinary incontinence. In the case of
the conductive coils, the coils may be positiongd within or along a housing, such as a foot or
knee cradie, and a foot or leg may be positioned therein. In the case of a microneedle patch,
the paich mayv be attached to a subject’s skin, Optionally, the method tnvolves positioning a
first portion of a subject’s body, the subject exhibiting symptoms associated with annary
mcontinence, relative to an energy emitting device such that a target nerve within the first
portion of the body is in proximity to at least one energy generator disposed within or along
the energy emitting device.

{0177] A current 1s then passed through the energy generator to produce, generate or
deliver energy, e.g., a magnetic or electromagoetic field or electrical or magnetic energy or
stinnlus, focused on the tibial or posterior tibial nerve or branches thereof. Thix in turn mav
cause the stimulation of a pudendal nerve, sacal plexas, or other nerves in the pehvie floor.

Various nerves innervating the various muscles, sphincters, nerves, organs and conduits of the
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urinary tract and bladder may be stimulated divectly or indirectly. In certain variations, a
current is passed through one more coils, which generate & magnetic or electromagnetic field
which stimulates the posterior tibial nerve.  In certain variations, the positioning of the cotls
relative to the first portion of the subject’s body may be adjusted 1o re-focus the magnetic field
on the posterior tibial nerve as needed. In certain variations, a current is passed through a
microneedle patch generating or delivering an electrical or magnetic stimulus or field. The
positioning of the microneedle patch relative 1o the first portion of the subject’s body may be
adpusted to re~focus the electrical or magnetic stimulus oy field on the postenior tibial nerve as
needed.

{0178] Optiopally, electrical conduction through the target nerve, e.g., the posterior tibial
nerve, or muscle stunulation can be detected vig at least one sensor. A conductive sensor may
be posttioned i proxiouty o the posterior tibial nerve along a second portion of the subject’s
body, Ogptionally, & sensor may be positioned over a corresponding muscle to detect muscle
stimulation or twitchmg resulting from nerve stimulation. Optionally, the electrical
condaction is detected along a second portion of the subject’s body which is different from the
first portion of the body. Optionally, the sensor in the form of a microneedle patch. In certan
variations, the sensor may be positioned behind a subject’s knee to detect the electnical
condaction along the afferent posterior tibial nerve or on another portion of a patient’s leg or
foot. In other variations, the sensor may be positioned within or along a housing along with
the one or more conductive cotls.

{0179] Where a sensor 18 used, a signal 18 recerved from the sensors and the signal is
wmdicative of the elecirical conduction of the target nerve, e.¢., posterior tibial nerve. The
current may be adjusied or varied using a controller which is in communication with the
energy generator. Adjustments may be made in response to the verve or muscle stimulation
detected by the conductive sensor, in order to optimize or ensure adequate treatment of wnnary
imncontinence by achieving the appropriate fevel of conductance and appropriate fevel of nerve
or muscle stimulation. Appropriate levels or parameters for current, frequency, magnetic field,
treatment duration, etc., are those that resalf in an observed or detected reduction or prevention
of symptoms associated with urinary incontinence. Treatment could also be administered and
the appropriate levels and parameters achieved through observing or detecting reduction or

prevention of symptoms where & sensor is not used. Exaniples of these symptoms include but
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are not lunited to the inability fo controd urinary function, urinary leakage, and loss of bladder

control.
{0180] fn certain vaniations, the ampliude, frequency, divection of a generated magnetic

field, electrical or magnetic stimulus, or firing sequence of the coils or microneedles making
up the microneedle array may be adjusted. Optionally, the current may be varied according to
a muscular response i the patient. Thus, to treat urinary incontinence, the magnetic field or
clectrical stimulus 1s applied to a subject or patient untit the desired effects (e.g., reduction of
symptoms) are achieved.

{0181} In certain variations, methods of treating a subject with fecal incontinence utilizing
the energy emitting systems described herein are conternplated. Svmptoms associated with
fecal incontinence may be observed, detected, or diagnosed. An energy emitting device
having one or more energy generators, ¢.g., one or more conductive coils or one or more
microneedle patches, may be positionad 1 proximity 1o a target nerve, e.g., the tbial or
posterior tibial nerve, or popliteal or sacral nerve or branches thereof, of a subject along a first
portion of a sabject’s body. The subject may or may not be exhibiting symptoms associated
with fecal acontinence. o the case of the conductive coils, the coils may be positioned withia
ar along a housing, such as a foot or knee cradle, and a foot or leg may be posttionad therein,
In the case of @ microneedle patch, the patch may be attached to a subject’s skin. Optionally,
the method mvolves positioning a first portion of a subject’s body, the subject exhibiting
symptoms associated with fecal incontinence, relative to an energy emitting device such that a
target nerve within the first portion of the body s in proxinuty 1o at least one energy generator
disposed within or along the energy emitting device.

{0182} A current 1 then passed through the energy generator to produce, generate of
deliver energy, e.g., a magnetic or electromagnetic field or electrical or magnetic energy or
stimulus, focused on the tibial or posterior tibial nerve or branches thereof. This in ten causes
the stimulation of a pudendal nerve, sacral plexus, or nerves in the pelvic floor. Various
nerves mpervating the various muscles, sphincters, rectum, nerves, organs and conduits
associated with bowel movements, fecal control, and the intestines may be stimulated divectly
or indirectly. Optionally, a current is passed through one more coils, which generate a
magnetic or electromagnetic field which stimulates the posterior tibial nerve.  In certain

variations, the positioning of the coils relative 1o the first portion of the subject’s body may be
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adjusted to re-focus the magnetic field on the posterior tibial nerve as needed. In certam
variations, a current 1s passed through a microneedle patch generating or delivering an
electrical or magnetic stimulus or field. The positioning of the microneedle paich relative to
the first portion of the subject’s body mayv be adjusted to re-focus the electrical or magnetic
stimulus or field on the posterior tibial nerve as needed.

j0183] Optionally, electrical conduction through the target nerve, e.g., the posterior tibial
nerve, or mascle stimulation can be detected via at least one sensor. A conductive sensor may
be posttioned in proxunity o the posterior tibnal nerve along a second portion of the subject’s
body. Optionally, a sensor miay be positioned over a corresponding muscle to detect muscle
stimulation or twitching resulting from nerve stimulation. Optionally, the electrical
conduction 1s detected along a second portion of the subject’s body which is different from the
furst portion of the body. Optionally, the sensor is tn the form a of a microneedle patch. In
certain variations, the sensor may be positioned behind a subject’s knee to detect the electrical
conduction along the afferent postertor tibial nerve or on another portion of a patient’s leg or
foot. In other variations, the sensor may be positioned within or along a housing along with
the one or more conductive cotls.

{01 B4} Where a sensor is used, a signal is received from the sensors and the signal 1s
mdicative of the electrical conduction of the target nerve, e g, posterior tibial nerve. The
current may be adjusted or varied using a controller which i1s m communication with the
energy generator. Adjustments may be made in response to the nerve or muscle stimulation
detected by the condactive sensor, m order (o optimize or ensure adequate treatment of fecal
wcontinence by achieving the appropriate kevel of conductance and appropriate level of nerve
or rauscle stimulation. Appropriate {evels or parameters for carrent, frequency, magnetic fleld,
treatment duration, etc., are those that result in an observed or detected reduction or prevention
of symptoms associated with fecal incontinence. Treatment could also be admintstered and the
appropriate levels and parameters achieved through observing or detecting reduction or
prevention of symptoms where a sensor 15 not used. Examples of these symptoms mclude but
are not himited: the loss of voluntary control to retain stool in the rectumy; loss of fecal control;
inability to control bowel movements, and fecal leaking:

{6185] In certamn vaniations, the ampliude, frequency, direction of a generated magnetic

field, electrical or magnetic stimulus, or firing sequence of the coils or microneedles making
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up the microneedle array may be adjusted. Optionally, the current may be varied according w
a muscular response in the patient. Thus, to ireat fecal incontinence, the magnetic field or
electrical stinntlus is applied to a subject ov patient until the desived effects (e.g., redoction of
symptoms) are achieved.

j0186] In certain variations, methods of treating a sabject with restless leg syndrome
utilizing the energyv emitting systems described herein are contemplated. Victims afflicted
with Restless Leg Syndrome (RLS or Ekbom’s syndrome), are unable to remain seated or to
stand still. Activities that require mamtaining motor rest and Hmited cogmitive stimulation,
such as transportation, e.g., i a car, plane, tramn, etc., or attending longer meetings, lectures,
movies or other performances, become difficult if not unpossible. These sensations become
more severe at night and RLS patients find sleep o be virtually impossible, adding to the
dimanishing quahty of thetr lives. The urge to move, which increases over pentods of rest, can
be completely dissipated by movement, such as walking, However, once nmovenient ceases,
symptoms return with mereased intensity. If an RLS patient is forced to lie stll, symptoms will
continue to build Hke a loaded spring and, eventually, the legs will involuntary move, relieving
symptoms immediately.

{0187] Thus, symptoms associated with restiess leg syndrome may be observed, detected,
or diagnosed. An energy emitting device having one or more energy generators, €.8., one or
more conductive cotls or one or more microneedle patches, may be positioned in proxiniy to
a target nerve, .g., the tibial or postertor tibtal nerve, or popliteal or sacral nerve or branches
thereof or other nerves associated with restless leg syndrome, of a subject along a first portion
of a subject’s bady. The subject may or may not be exhibiting symptoms associated with
restless leg syndrome. [ the case of the conductive coils, the coils may be positioned within
or along a housing, such as a foot or knee cradle, and a foot or leg may be positioned therein.
I the case of a nucroneedle patch, the patch may be attached to a subject’s skin. Qptionally,
the method mvolves positioning a first portion of a subject’s body, the subject exhibiting
symptoms associated with restless leg syndrome, relative to an energy emtiting device such
that a target nerve within the first portion of the body s in proximity to at least one energy
generator disposed within or along the epergy emitting device.

{0188] A current is then passed through the energy generator to produce, generate or

deliver energy, ez, a magnetic field or electrcal or magnetic energy or stimulus, focused on
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the tibial or posterior tibial nerve or branches thereof or other nerves associated with restless
leg syndrome. This in tum causes the stimulation of a pudendal nerve, sacral plexus or other
nerves innervating the pelvic floor or various muscles, nerves, or organs assoctated with
restless leg syndrome.  The various nerves may stimulated directly or indirectly. Optionally, a
current 18 passed through one more coils, which generates a magnetic or electromagneuc field
which stimulates the posterior tibial nerve.  In certain variations, the positioning of the coils
relative to the first portion of the sabject’s body may be adjusted to re-focus the magnetic field
on the posterior ibial nerve as needed. In certam variations, a current is passed through a
nucroneedle patch generating or delivering an clectrical or magnetic stinrolus or field. The
positioning of the microneedle patch relative to the first portion of the subject’s body may be
adjusted to re-focus the electrival or magnetic stimnlus or field on the posterior tibial nerve as
needed.

{0189} Optionally, electrical conduction through the target nerve, e.¢., the posterior tibial
nerve, or muscle stimulation can be detected via at least one sensor. A conductive sensor may
be positioned in proximity to the posterior tibial nerve along a second portion of the subject’s
body. Optionally, a sensor may be positioned over a corresponding muscle to detect muscle
stimulation or twitching resulting from nerve stimulation. Optionally, the electrical
conduction is detected along a second portion of the subject’s body which is different from the
first portion of the body. Optionally, the sensor in the form a of a microneedle patch. In
certain variations, the sensor may be positioned behing a subject’s knee to detect the electrical
conduction along the afferent postenior tibial nerve or on another portion of a patient’s leg or
foot. In other variations, the sensor mav be positioned within or along a housimg along with
the one or more conduactive coils.

0190] Where a sensor 1s used, a signal is received from the sensors and the signal is
indicative of the electrical conduction of the target nerve, e.g., postentor tibial nerve. The
current may be adjusted or varied using a controlier whicl is in communication with the
gnergy generator, Adjustiments may be made in response to the nerve or muscle stimulation
detected by the conductive sensor, in order to optimize or ensure adequate treatment of restless
leg syndrome by achieving the appropriate level of conductance and appropriate level of nerve
or muscle stimulation. Appropriate levels or parameters for current, frequency, magnetic field,

treatment douration, etc., are those that result in an observed or detected reduction or prevention
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of sympioms associated with restless leg syndrome. Treatment could also be administered and
the appropriate levels and parameters achieved through observing or defecting reduction or
prevention of sympioms where a sensor is not used. Examples of these symptoms inclade bt
are not hmited to: uncomfortable sensations in the limbs, irresistible urges to move, vsually
the legs: motor restlessness; when at rest, symptoms vetumn or worsen; and symptoms worsen
in the evening and at night.

{0191} bt certain variations, the amplitude, frequency, direction of a generated magnetic
field, electrical or magnetic stimulus, or firing sequence of the coils or microneedles making
up the miucroneedle array may be adjusted. Optionally, the current may be varied accordimg to
a muscular response i the patient. Thus, to treat restless leg syadrome, the magnetic field or
electrical stimulus 15 applied to a subject or patient until the desired effects {e.g., reduction of
symptoms) are achieved.

{0192] In certain variations, methods of treating a subject suffering from prematore
ejaculation or vanous pelvic floor disorders uttlizing the energy emitting systems described
herein are contemplated. Svmptoms associated with premature ejaculation may be observed,
detected, or diagnosed. An energy eraitting device having one or more cnergy generators, e.g.,
one o more conductive coils or one or more microngedle patches, may be positioned in
proximity 1o a target nerve, e.g., the tibial or posterior tibial nerve or popliteal or sacral nerve
or branches thereof of a subject along a first portion of a subject’s bedy. The subject may or
may oot be exhibiting symptoms associated with premature ejaculation. In the case of the
conductive cotls, the coils niay be positioned within or along a housing, such as a foot or knee
cradle, and a foot or leg may be positioned theremn, In the case of a microneedle patch, the
patch may be attached {o a subject’s skin. Optionally, the method involves positioning a first
portion of a sabject’s body, the subject exhibiting symptoms associated with prenature
ejaculation, relative to an energy emitting device such that a target nerve withimn the first
portion of the body is in proximity to at {east one energy generator disposed within or along
the energy emitting device,

{0193} A current 1 then passed through the energy generator to produce, generate of
deliver energy, e.¢., a magnetic or electromagaetic field or electrical or magnetic eaergy or

stimulus, focused on the tibial or posterior tibial nerve or branches thereof. This in turn may

cause the stimulation of & pudendal nerve, sacral plexus, or other nerves in the pelvic floor or

Petitioner - Avation Medical, Inc.
Ex. 1023, p. 45



10

-

i 4]

30

Attorney Docket No. EMRNNZGO702

nerves associated with the control of ejaculation. Various nerves mpervating the vartous
muscles, sphincters, nerves, organs and conduits of the vrinary tract, bladder or reproductive
system, of pebvic floor may be stimulated divectly or indivectly. Optionally, a current i3 passed
through one more coils, which generates a magnetic or electromagnetic field which stimulates
the postertor tibial perve.  In certam variations, the positioning of the cous relative to the first
portion of the subject’s body may be adjusted to re-focus the magnetic field on the postenior
tibial nerve as needed. In certain vanations, a current is passed through a microneedle patch
generating or delivering an electrical or magnetic stimulus or field. The positonmmg of the
nucroneedle patch relative to the first portion of the subject’s body may be adjusted to re-focas
the electrical or magnetic stimulus or field on the posterior tibial nerve as needed.

[0194] Optionally, electrical conduction through the target nerve, e.g., the posterior tibial
nerve, or mascle stimulation can be detected via at least one sensor. A condactive sensor may
be positioned i proximity to the posterior tibial nerve along a second portion of the subject’s
boady. Optionally, a sensor niay be positioned over a corresponding muscle to detect muscle
stinulation or twitching resulting from nerve stimulation. Optionally, the electrical
conduction is detected along a second portion of the subject’s body which is different from the
first portion of the body. Optionally, the sensor i the form of a microneedle patch. In certain
variations, the sensor may be positioned behind a subject’s knee to detect the electrical
conduction along the afferent postertor tibial nerve or on another portion of a patient’s leg or
foot. In other varigtions, the seusor may be positioned within or along a housing along with
the one or more conductive coils.

{0195] Where a sensor is used, a stgnal i received front the sensors and the signal is
indicative of the electrical conduction of the posterior tibial nerve. The current may be
adjusted or varied using a controlier which is in communication with the energy generator.
Adjustments may be made in response to the nerve or nrscle stimuolation detected by the
conductive sensor, i order 1o optimize or ensure adeqguate treatment of premature ejaculation
by achieving the appropriate level of conductance and appropriate fevel of nerve or muscle
stimulation. Appropriate fevels for current, frequency, magnetic field, treatment duration, ete.,
are levels that result in an observed or detected reduction or prevention of svmptoms
assoctated with premature ejaculation. Treatment could also be administered and the

appropriate levels and parameters achieved through observing or detecting reduction or
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prevention of symptoms where a sensor i3 not used.  Examples of these symptoms include but
are not limited to: gjaculation that frequently occurs within one minute or less of penetration;
the inabulity to delay ejaculation on penetrations; or persistent or recurrent ejaculation with
minimal stimulation before, on or shortly after penetration.

j0196] In certain vanations, the amplitude. frequency, direction of a generated magnetic
field, electrical or magnetic stimulus, or firing sequence of the coils or microneedles making
up the microneedle array may be adjusted. Optionally, the current may be varied according to
a muscular response in the patient. Thus, to treat premature ejaculation, the magnetic field or
electrical stimulus is apphied to a sabject or patient until the desired effects (e.g., reduction of
svmptoms) are achieved.

{0197} Exemplary treatment parameters for treating various conditions, .g., urinary
mcontinence, using the systems and methods desenibed herem may include the followmg
Operation of g conductive coil at about 10 1o 20 hertz generating a magnetic field of about 25
to 1.5 tesla, where the cod is adnunistered to a patient for a duration of about 30 munutes/day
or 30 minutes per week, depending on the severity of the symptoms, until the symptoms
subside. The above treatment parameters or vanations on the parameters may be used for
wreatment of wrinary incontinence, fecal incontinence, restless leg syadrome, or premature
gjaculation or other conditions.  For example, the coil may be operated at various parameter
ranges falling with the following ranges: about 3 to 100 hertz, about 1 to 10 tesla, for about 13
minntes to 2 hours per day or week, In treating premature ejaculation, a patient may receive
treatment about 4 to 10 hours prior to intercourse. A maintenance phase of treatment, after the
wntial treatment, may vary for various conditions. For example, the mamtenance phase may
require application of the systems and methods described herein at the parameters described
herein for 30 minutes/week or 30 minutes/month. Any treatment parameter may be varied or
muodified based on the effect on the patient or sensor or patient feedback regarding stimulation,
unttl the desired result of treating or preventing a condition is achieved.

{0198} In certain variations, as shown in FIGs. 294-29d, energy enntiing device may
include a controller 289 and a foot cradle 290, Foot cradle 290 may include vertical foot plate
291, and horizontal foot plate 292, where each plate can be adjusted using vertical foot plate
knob 293 and horizonial foot plate knob 294, One or more EMG plugs 295 are provided. An

air core cotl 297 or other type of coil 18 provided. A display screen 296 may also be provided
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along with power cord 298, The display sereen 296 can display a variety of information to the
user and/or practitioner such as the level of power or current applied, treatment time,
temperature of the cradle device, detected current levels andfor physiological parameters, etc.,
to facibitate effective and efficient therapeutic freatment. The information can be used 1o vary
or adjust the controller to ensure that adequate conduction of a target nerve, e.g., posterior
tibial nerve 220 or muscle stimalation ocours and an adequate and accurate dosage of
treatment is being recetved.  Controls may also be included to affect the following: power,
field strength, frequency, pulse, start‘pause and cancelation of therapy (as shown} or other
parameters one of skill i the art wouald find necessary or useful to control or monitor. In
certain variations, a sensor may be connected, connected or in communication with the foot
cradle or other energy enutting apparatus, controller, housing | conductive coils, or
microneedle patch.

10199} In certain varigtions, as shown in FIGS 30A-30B, an energy emitting device may
melude a controlier and a knee support or knee cradle. The cradie may be configured to
provide the conductive coil in proximity to the popliteal fossa or area directly behind the knee.
n certain variations, the knee cradle may be configured to cradie or surround at least a portion
of the knee or substantially the entire knee without placing divect pressure on the popliteal
fossa, thereby minimizing or avoiding venous thrombosis. In one variation, the device may be
utilized while the knee 1s in the flexed position {Fig. 30A}. In another variation, the device
mayv be utilized while the knee is in a non-flexed position (Fig. 30B).

{0200} fn certain variations, the energy emitting device, e.g., oot support or cradle, knee
support or cradle, eic., includes a conductive coil positioned such that a target nerve is
automatically targeted. The conductive coil 1s configured, sized and positioned within the
device such that the generated magnetic field may encompass and stunulate the target nerve m
any patient based on the target nerve’s anatommical location, thus providing satomatic targeting
of the nerve in any patient once the patient positions # particular body portion 1n the device.
10201} In certain variations described heredn, sensors may detect voltage or corrent and
may be connected, coapled, wirelessly connected or coupled or otherwise 1o communication
with housing, conductive coils, microneedie parch, energy emitting apparatus, energy
generators, or electrode needles andfor controller using a variety of methods or techniques

known in the art.  In various variations described herein, housings, conductive coils,
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microneedle patches, energy eniitting apparatus, energy generators, or electrode needles niay
be connected, coupled, wirclessly connected or coupled or otherwise n communication with
each other, controllers or sensors, using a variety of methods or techniques known in the art.
{0202} Coils used 1n any of the variations described herein and illustrated in the
corresponding Dgures may take on a vaviely of shapes, sizes, and configurations. For example,
a coil may be shaped as a spiral {as shown) or have a simple helical pattern or be a figure eight
coil, a four leaf clover coil, a Helmboliz coil, a modified Helmholiz coil, or may be shaped as a
combination of the aforementioned coil patterns. Additionally, other coil designs beyond those
mentioned hereinabove nuight be utilized as long as a magnetic field is developed that will
eNCOMPAss a target nerve.

{0203] The cotls may have a variety of dimensions and configurations. In certain
variations, a coil may have a central aperture. The diameter of the aperture may range from
about 0.5 mch to 2 inches or | inch o 1.5 inches or the aperture may have a diameter of ghout
1 inch. The diameter of the cotl body may vary. For example, the diameter may range from
about 3.0 to about 7 mches or from about 4 to about 5 inches or the diameter may about 4.3
inches, The coil body may tnclade any suitable number of turns, For example, the coil body
may inclade from about 2 to about 25 turns or from about 10 to about 20 twns or 14 40 17
tuns. The adjacent turns may be spaced apart from each other, providing a gap there between.
An end or cross section of a twrn may have various dimensions. For exanmiple, the end or cross
section may have a height that s greater than #ts width, An end or cross section of & turn may
have a height ranging from about 1 1o 5 cm or from about 10 rmam to 51 mm {about .3 inches to
2 inches) or about 25 mam to 40 mum (gbout 1 tach to 1.5 inches) or about 12 mum o 40 mm
{about .5 inch 1o 1.5 inch) or about .3 inch o 2 inch. The end or cross section of the twrn may
have a width ranging from about 0.5 mm to about Smm {about .019 mnch to .19 meh) or from
about Tmm to about 2 num (about .03 inch to .07 inch) or about 2 mm to about 1.6 mm {about
01 inch to .06 inch). The above are all exemplary dimensions, where other dimensions are
also contemplated depending on the use and configuration of a device,

10204] In certain variations, a system or device for electromagnetic or magnetic induction
therapy may include one or more conductive coils disposed within or along an applicator. The
coil may be configured 1 generate an electromagnetic or magnetic field focused on a target

nerve, muscle or other body tissue positioned in proximity to the coil. The svstem may also
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include one or more sensors. The sensor may be configured to detect electrical conduction in
the target nerve or to detect stimulation of a muscle or other body tissue. The sensor may also
detect a muscular response caused by an electrical conduction in a target nerve. The sensor
provides feedback about the efficacy of the applied electromagnetic or magnetic induction
therapy. Optionally, 8 user may provide such feedback based on detection by the user, with or
without the use of a sensor. The system mav also include a controller which is in
communication with the sensor. The controller may be adjustable to vary a current through the
coil m order to adjust the magnetic field focused upon the target nerve based on feedback from
the sensor or user.  The various systenss or devices described herem may be utihzed with or
without a sensor.

{0205] A varety of electromagnstic or magnetc induction apphicators designed or
configured 1o stimulate various portions of a patient’s body for treating varivus conditions are
contemplated herein.

0206} Figure 31A illustrates a variation of a band or anm applicator 310, The hand or arm
apphicator 310 may be ergoponic or contoured 10 a hand or arm to be positioned relative to or
in proximity to a hand or arm to generate an electromagnetic or magnetic field focusedon a
target nerve, muscle or other tissue within the hand or army. Optionally, a band or arm
apphicator 310 may be designed to stimulate the entire hand or arm of a patient, for example,
where the patient has hmited or reduced nerve mpervation to those portions of the body.
0207} Figure 31B also illustrates a variation of a foot, knee or leg applicator 320, The
foot, knee or leg applhicator 320 may be ergonomic or contoured to a foot, knee or leg to be
positioned relative to or in proximity to 8 foot, kuee or leg to generate an electromagnetic or
magnetic field focused on a target nerve, muscle or other tissue within the foot, knee or leg.
Optionally, a foet, knee or leg applicator 320 may be designed to stunulate the entire foot,
kiiee or leg of a patient, for example, where the patient has limited or reduced nerve
mnervation to those portions of the body.

{0208} Figure 32 illustrates a variation of a stand alone back gpplicator 330, The back
apphicator 330 may be ergonomic or contoured to the back or to a specific area of the back to
be positioned relative to or in proximity to the back to generate an electromagnetic or magnetic
field focused on a target nerve, muscle or other tissue within the back. A back applicator 330

may be aligned along the spine or positionable 1o proxunity to the spine. The back applicator
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330 may be utilized to stimulate nerve effshoots, dorsal ganghon, the spinal cord itself or any
other nerve in the body, to treat various conditions, for example, to treat atrophy or paralysis.
{0209] The back applicator 330 may include several cotls, which may be pulsed
mtermittently. In centain variations, a sensor may be placed on muscle in dermatome to
provide feadback to enswre stimulation of the proper dorsal root ganglion or vertebral body.
The sensor may provide feedback to channel energy or current to the proper or effective coil in
an appheator, e.g., in an applicator having multiple coils.

{0218} Figure 33 shows a system including a corded back applicator 340, a sensor 342 and
a logic controller 344, Various sensors may be utilized, e.g., a three lead EMG, other EMG
electrode, a micronesdle electrode, or any sensor for detecting physiologic changes associated
with nerve firing andior muscle contraction. The sensor 342 provides feedback which may be
used to monitor andior control therapy. The sensor 342 may be used 1o position or optimize
therapy in a clinic or home healtheare setting. The applicator 340 may or may not contain g
pulse generator andfor logic controller circuntry. Figure 33 shows the logic controller 344 and
pulse generator as a separate unit. The logic controller may optimize therapy and mininuize
energy nsage or overheating based on feedhack from sensor 342, Optionally, the logic
controller 344 may be incorporated mio an applicator. The logic controller 344, whether
separate from the applicator or incorporated in the applicator, may be controlled based on
feadback from the sensor.

j0211} Figure 34 shows a system mcluding a whole back applicator 350, a sensor 352 and
a logic controlier 354, One or more back applicators 3530 may be provided. One or more
apphicators 350 may include automated therapy targeting. The applicators 350 mayv inchude
multiple coils, which can be fired sequentially to stimalate the entire spme or chain of dorsal
root ganglion (with or without user or sensor feedback) for ostecarthritis therapy, back or neck
pain therapy, prevention of muscular atrophy andfor nerve recovery after paralvsis, stroke, or
after suffering other nerve damaging conditions. In one variation, one or more apphicators 350
may include multiple coils fired sequentially in order to determine the optimat cost for
stinmulation based on user or sensor feedback. Once the optimal coil i1s determined, that cotl
may be selected and used for the remainder of the therapy. In another variation, one or more
applicators may inclade one or more coils that ave shidable, adjustable or movable within the

apphicator housing. The coils may be moved within the applicator housing to treat a large area
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and/or to be focused on the aptimal treatment rone based on feedback fron the user and/or
feedback from the sensor.

{8212 Figure 35 shows a variation of a back applicator 360 which may be positioned in
proximity 1o or aligned along a spine. The back applicator 360 may have ergononuc features
or maay be placed w proximity to a spme or a spine may be positioned 1o proximity to the
apphicator 360, The applicator 360 may include several coils that are pulsed intermittently.

As shown n Figure 35, the back applicator 360 or focused back applicator may me held on a
patient by an ergononuc positioning element 361 {e.g., a belt) and may be fit such the cervical,
thoracic, lumbar, sacral and/or humbosacral curvatures hold the back applicator 360 i the
optimal position. The applicator 360 may be located anywhere along the positioning element
361 depending on the individual and area to be stinwlated. Optionally, a sensor lead 362 may
be placed over musculature or along a nerve excited by activation of the applicator 360, In
one variation, a coil power hine 365 for supplying power or current from the logic controller
364 to coils positioned in the apphicator 360 may inclade thud cooling, e.g., air or hiqaud
cooking.

0213} Figure 36 shows an apphicator 366 designed or configured to generate a magnetic
field focused on a target nerve responsible for phantont or newropathic pain. The applicator
366 or phantom pain therapeutic stimulator unit may be utilized to treat phantom pain or
neuropathic pain, to provide phantom pam or neuropathic pamn therapy. The applicator 366
may be ergonomic or contoured 1o be positioned relative to or i proximity o a nerve
responsibie for phantom or nawopathic pain.

10214} Figure 37 shows a facial neuralgia applicator 380, Facial neuralgia applicator 380
may be may be ergononmic or contowed o a face or head 1o be positioned relative to a face or
head to stimulate a nerve responsibie for facial peuralgias. The applicator 380 may be
designed or configured to be positioned relative to, in proximity to or on a patient’s face or
head and to generate & magaetic field focused on perves responsible for facial neuralgias, e.g.,
the trigeminal nerve, to treat factal neuralgia.  Optionally, a sensor may be positioned along a
facial nerve to ensure adeguate therapy and to provide feedback. e.g., to a logic controller,
regarding nerve conduction or body stimulation.

{B215] fn certamn variations, an applicalor may be designed to ergonomically target

common nerves responsible for common neuralgias i order to freat such neuralgias. In other
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vartations, an applicator may be used for reating neuralyias virtually anywhere on a patient’s
body, including in deep nerves doe to the ability of magnetic fields generated by the applicator
to penetrate painlessly. In certain vanations, an applicator may be designed to generate a
magnetic field focused on a target nerve to treat central or peripheral neuralgias.

0216} Figwre 38 shows a depression applicator 386 which i3 designed or configured to be
positioned relative to, in proximity 1o or over a frontal cortex. The applicator 386 may be
ergonomic or contoured to a head to be positioned relative to a head to stunulate the frontal
cortex. The applicator 386 may generate an electromagnetic or magnetic field focused on the
frontal cortex to treat depresston. A sensor may be posttioned in the offshoots of the motor
cortex. The sensor may provide feedback to ensure appropriate placement of the applicator
386 or coil. In ong varation, the applicator 386 may include a therapeutic coil and a targeting
cotl {e.g., a small non-treatment cotl}, which may be positioned a certain distance behind the
therapeutic cotl, e.g., about § om behind the therapeutic coil. When finmg of the targeting cotl
15 sensed by the sensor (or user-feedback), the therapeutic coil may be positioned in the correct
or optimal position over the frontal cortex for depressive therapy.

j0217) Figure 39 shows a migraine applicator 390 which is designed or configared to be
positioned relative to, in proxmmity to or over an occipital nerve. The applicator 390 may be
ergonomic or contoured to a face or head to be positioned relative 1o a face or head to
stimulate the occipital nerve.  The apphicator 390 may generate an electromagnetic or
magnetic field focused on the ceapital nerve to halt, prevent or tregt migraines. The
applicator 390 may have an ergonomic design to ensure appropriate placement over the
cccipital nerve. In one variation, the applicator 390 nway be a single (or few) pulse device.
The applicator 390 may be in a portable format. The applicator 390 may also be withoot any
signtficant cooling features. Optionally, the applicator 390 may have cooling features. in
another variation, an applicator mayv be a multiple pulse, higher frequency device. Such an
applicator may incinde cooling features, where cooling is provided by ntilizing hiquids or
arflow, such as rapid airflow to cool the coils or applicator,

0218} Figwre 40 shows a vanation of an applicator 396 in the form of a stumulator cotl
platform which mav be ergonomic and contoured to a knee. The applicator 396 1s configured
to be positioned relative to or in proximity to a knee or the applicator 396 1s configured such

that a knee may be posttioned relative to or in proxinuty 1o the applivator 396, The applicator
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396 may be configured to generate an electromagnetic or magnetic feld focused on the
pophteal nerve for peripheral nerve stmulation to treat various conditions, ¢.g., overactive
bladder, nearopathic pain or restiess fegs. In one variation, a stimulator coil may target an area
behind a patient’s knee or the popliteal fossa, and the knee may be rested on a stimulator coil
platform applicator in any position.

{0219] In certain variations, an applicator may inclade one or two (bilateral} magnetic field
generating cotls, which may be positioned around the knee when the patient 15 1n a sitting,
standing or prostrate position. In certam variations, a pulse generator or logic controller 397
may send energy through one or more coils to create an electromagnetic or magnetic Held.
The apphicator or coils may generate stimulator or non-stimulator flields,  Sensor or user
teedback may provide feedback to logic controlier to optimize therapy, e.g., with the
stimulator fields. An applicator may be utilized for generating magnetic fields focused on an
area of a patient’s body, e.g., the knee, 1o treat various orthopedic indications, ¢.g., knee pain
or osteparthritis. An applicator may be utilized for generating nmgnetic fields focused on a
area of a patient’s body to treat various pon-orthopedic indications, via, e.g., peripheral nerve
stimalation.

{0220} Figures 30A-30B, show a variation of an applicator 400 which may be utilized for
popliteal nerve stimulation andfor treatment of the knee. The apphcator may be designed or
configured to generate an electromagnetic or magnetic field focused on the popliteal nerve for
popliteal nerve stimulation or on the knee for wreating ostecartheitis. The applicator 15
configured 1o be positioned refative to or in proximity o a knee or the apphicator is configored
such that a knee may be positioned relative to or in proxinuty 1o the applicator. A leg may
rest on the applicator coil or be positioned above . Optionally, as shown in Figuwre 308, a
foot rest 104 may be provided for holding up a foot.

[0221) Figure 41 shows a system inclading a variation of an ergonomic back applicator
410 held on a patient’s body by an ergononmic positioning element 411 in the form of a
shoulder harness. A sensor 412, and a logic controller 414 are also provided. The applicator
410 may include varions positioning elements 411, e g, a shouvlder harness, an upper torso
garment, of an ergonomic back-countered plate. The applicator 410 mav be stimulator or non-
stimulator. In another varviation, an applicator may be rested on a seat or chair such that a

stimulator coil rehiably overlies the area of the patient’s body requiring stumulation. In certain
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variations, one or more cotls may be fixed on the applicator (requiring puor targeting by a
healthcare provider or patient) or one or more coils may move freely within or along the
apphicator and may be locked into position when the desired or optimal posttion 1s located.
Coils may also move automatically in order to optinize targeting of the coil based on sensor or
user feedback. The system may be incorporated mio a smgle vt or, as illustrated, have at
least two components including a separate logic controller.

{0222} For any of the applicators described herein, such applicators may include one or
more of the following features. The applicators may be ergononue or contoured to the specific
regton of the body or anatomy to which the apphicator will be delivering stimulation. The
applicators may be configured or designed 1o be positioned relative to, on, around, or in
proximity to a specific region of the body or the applicators may be configured or designed
such that the targeted region of the body may be positioned relative to, on, around or in
proximity to the applicator.  The applicators may be opensble or adjustable to allow for
msertion or entrance of the targeted body part or anatomy into the applicator or to allow for
placement of the applicator onto or around the targeted body part or anatony. The applicators
may be flexible or ergonomic to accommodate nearly any type of body habitus, 1a certain
variations, a solenoid-type coil may mcorporated into an applicator for delivering PEMF
stimulation directly to the targeted areas or regions of a body.  In certain variations, any of the
applicators desceribed herem may approxunate the respective targeted body area or anatomy or
the applicators may be designed such that the body region or targeted anatomy may
approximate the applicator.

10223} In certain variations, any of the applicators or svstenss described herein may be
used to provide electromagnetic or magnetic induction therapy with or without a sensor.
j0224] In certain variations, electromagnetic stimulating devices or applicators for
providing stimulation 1o tissues of the human body, mcluding nerves_ muoscles (including
superficial and deep muscles), andfor other body tissues for the treatment of various
conditions, including, e.g., chronic and acute pain, are provided.

j0225] The devices may vithze an inductive coil encased within an ergonomic, body-
contoured applicator to target specific regions of the bady. The coils may be designed to
target peripheral nerves throughout the body that have been tmplicated or involved m pan

syh dromes.
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0226 The various destgns and configuration of the devices described herein allow for
casier application, more consistent therapy and home use while targeting anatomic regions
with therapeutic pulsed electromagnetic fields. The fields may also be delivered or apphied in
an intermittent manner to allow for convenience and ease of use while providing a durable
benefit. With intermiitent external stimulation by pulsed electromagnetic or magnetic fields, a
nerve ar other tissues may be stimulated in manner that provides a continued and lasting effect
on nerve, mascle or tissue function, without habitoation.

{0227} The electromagnetic or magnetic induction stinmulation devices deseribed heremn
substantially tmprove the state of the art electromagnetic stimulation technology and may
wncorporate the delivery of PEMY therapy into a user friendly, body contoured applicator.  In
certain variations, a delivery system for PEMF therapy may include elements such as, e.g., {1)
an ergonomic, body contoured applicator which provides for repetitive apphication and
consistent therapy onto the same body area. The applicator may be coded with clear markings
to facilitate repetitive and consistent therapy onto the same body area; (2) the use of a sensor to
provide feedback that stinlation 15 occurring effectively; andfor (3} the use of intermittent
stimulation to effectively treat various conditions, ¢.g., chronic pain, withouot habitoation,
These elements individually or the various combimnations of these elements have provided for
an gasy 1o use, ergonomically designed system that has applications within a host of clinical
and home ease of use health applications.

j0228]) In certain variations, an electromagnetic or magnetic induction stimulation device
able to provide stimulation to tissues of the human body, including perves, muscles {including
superficial and deep muscles), and/or other body tissues without sigaificant discomfort to the
patient is provided. Conductive stimulating cotls may be encased 1 an ergononuc, body-
contoured applicator that is coded with clear markings to provide for repetitive apphication and
consistent therapy onto the same body area. The design of the applicator allows for ease of use
and also for the targeting of anatomic regions 1o be exposed to the mmpulses of the PEMFs.
The electromagnetic stimulating device mayv provide PEMF in a manoer that is patient user
friendly and the device may be portable. The device may be utilized in a hospital, an
outpatient chinic, g therapist’s office, or at a patignt’s home.

{6229] In certamn variations, an electromagnetic or magnetic induction stimulation device

nay stimulate regions of the body to treat conditions requiring both maxinzal stimulation (i.e.,
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sufficient o cause contraction of muscle fibers and firing of perves} as well as submaximal

stimulation {which will be sufficient to provide therapy but not to cause contraction of muscle

fibers).
{0230] The electromagnetic or magnetic induction or stimulating devices described herein

may be utilized for various indications. The indications may be divided mio maximal and
submaximal categories, in which the former requires significantly higher levels of inducting
current than the latter. The maximal applications of the device include, but are not himited to:
Non~nvasive stimulation (intermittent or continuous) of the peripheral nervous system for
treating chronic pain; stimulation of a nerve for the up~- or down-regulation of hormones or
cetlular proliferation; treatment andfor prevention of atrophy, which would be therapeutic
during recovery after an individual sustains a fracture, experiences paralysis of a Hmb or other
body part, or undergoes surgery, such as ACL repan n the knee; treatment of neurogenic or
overgetive bladder and bowel; and stimulation of the central nervous system to alter nepral
pathways or up/down-regulate the aforementioned factors.

{0231} Additional applications of the devices include but are not limited to: treatment of
neuropathic pain {e.g., phantom pain in limbs or other neurclogic pain) or orthopedic pam
{back and neck pain or skeletal related pain); treatment of overactive bladder and boweld; and
treatment of arthritis andf/or orthopedic conditions.

{0232] In certain vanations, a device is provided for delivering PEMF stimulation to
selective anatomic regions of the body, unilizing an ergononuc applicator designed to facilitate
accurate and targeted debivery of therapy. The applicator may be coded with clear or sohd
markings to provide for repetitive apphication and consistent therapy onte the same body area
of the body. This design may facilitate the placement of the device for the stimulation of key
nerves, muscles, and/or body tissues.

[0233] It certain variations, a device is provided which may be utilized to
electromagnetically stimulate selective nerves, nwuscles, andior body tissues, where the device
13 user friendly and capable of being used even by an unskilled patient in a home healthcare
setting.

0234] In certain variations, a device is provided o electromagnetically stimulate selective

nerves, muscles, and body tissues to provide consistent therapy. with an ergonomic applicator
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targeting key nerves and eliuninating the requirement for a highly trained operator to
manipulate the device.

10235} In certan variations, an electromagnetic or magnetic induction system or device
may be configured or designed to provide intermittently applied pulsed magnetic fields in the
treatment of chronic conditions, such as pain. For example, a device as desceribed hevem may
provide shorter, mtermittent stimmlation to treat chironic pain or other chronic conditions. The
delivery of pulsed magpetic ficlds may have a continued and lasting effect on nerve fonction in
treating conditions, such as, overactive bladder as well as other chronic neurelogical and
orthopedic conditions such as neuropathic pain, restless legs and orthopedic pain (e.g., spinal
pain, back pain, etc.)

[0136] I certain variations, mtermittent pulsed magnetic Hields may be utilized for the
treatment of chronic and acute nop-orthopedic conditions such as nearopathic pam, phantom
pain and chronic neuralgias, as well chronic and acute erthopedic conditions, such as back pain
and neck pain. The therapeatic magnetic fields may be applied frequently {e.g., several times
a day) or less frequently {e.g., once & week or once a month) depending on the durability of the
effect for the individual patient, Treatment involving the use of magnetic fields does not
requare surgery of needles to stimulate a necve, Also, the deliver of intermittent pulsed
magnetic fields prevents the nerve from becoming habituated to the stimulator signal by
ensuring that there are periods during which the nerve is not subjected to the stimulator signal.
Accordingly, the electromagnetic or magnetic induction systems or devices described herem
may provide unparalleled ease of vse, non-mvasiveness, reliability of therapy based on sensor
feedback and/or ergonomic targeting, and/or a lack of habitvation due to intermittent
stimulation provided by certam systems and devices.

{0237} In certain variations, the electromagnetic or maguetic induction systems or devices
described herein mayv incorporate an air-cooled coit wherein the air coolant, e.g., Hquid or air,
is drawn through and/or in between the toms of the inductive coil, In direct contact with
conductive surfaces of the coil. Drawing atr or other fhad through the cotl prevents the coil
from heating up to the degree that could damage the coil and the electromics of a device, or
expose the patient 1o excessive iemperatures.

{6238] In certain variations, the systems and devices desenibed therem may be utilized to

stimulate nerves for a variety of conditions, invluding, e.g., atrophy prevention, nerve
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repair/regeneration, neuromodulation, chronic pain, up or down regulation of hormones,
restless legs. phantom pain, etc. The systems and devices may also be used to stmuplate
muscles and/or other body issues to accelerate tissue healing, regeneration and/or growth.
10239 In certain vaniations, the electromagnetic or magnetic induction systems or deviges
deseribed herein and other implantable or extracorporeal devices may allow for the antomatic
adjusting of nerve stimulation based on feedback.

{0240} In one variation, an extracorporeal or implantable device, e.g, any of the
electromagnetic or magnetic mduction devices described herein, a pacemaker, defibriliator, or
nerve stimulator, may include a feature that allows for automatic adjustment of perve
stinutlation based on feedback provided by a sensor or user.  This feature mav minimize pam
and power usage while ensuring optimal therapy delivery., A device mav include a stimulator
and a sensing component. The stimulator may be astomatically adjustable based on feedback
from the sensor up to a maxinal (safe) threshold, Each therapy may start with lower powered
pulses, followed by Increasing power pulses until the sensor detects stimulation. The
algorithm allows for the minimal amount of power to be used and allows for automatic
adjustment of power settings as conditions change.

{0241} fn one variation, an implantable device may include a sensor, such that the device
can stimulate tissue or nerves and sense stimulation at the same site. For example, the sensor
may provide feadback to the implantable device regarding nerve conduction at the site of
stimulation, As fibroses develops around an implant, at the site of stimulation, the feedback
will indicate whether a {arget nerve 15 no longer being etfectively stimulated due to the
fibroses, which will cause the power or level of stimulation to increase or decrease, as is
necessary, to effectively stimulate the target site and overcome any obstruction due to fibroses.
As fibroses occurs around an implant, a patient need not report back to a physician or other
operator for adjustient of the stimulator power of the device. The device will sutomatically
adjust the stimulator power or level based on sensing stinwlation of the target perve or tissue.
This elinunate the guesswork mvolved by the user in monitoring their therapy one day at a
time on their own, as they notice the effect of the therapy wear off. Thig also elimunates the
risk of the user being exposed to vnnecessarily high power levels that might otherwise by set

m order to minimize frequent return visis to a physician or operator for adjustiments.
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0242} Figures 42A and 42 show an example of how the amount of stimulator power
requared to achieve a desired stimulus may be antomatically adjusted as a result of fibroses,
according to the above described feature. According to Figure 424 after the mmtial implant of
the device, the level of stimulator power is increased until stimulation of the target nerve or
tissue is sensed (mdicated by square box at, e.g., about 18mV). An effective stunulator
therapy may then be delivered. According to Figure 428, after fibroses sets in, in order to

maintain the desired level of stimulation to provide an effective stimulator therapy, the level of

by square box, e.g., at 20 mV). According to the example in Figure 42B, the presence of

fibroses required an mcrease i the stimulator power level to deliver an effective stimulator

therapy.
{0243] The automatic adjustment feature based on sensor feedback may be utilized i any

stimulator or son-stimulator implant or extracorperal device, where the device incorporates a
sensor capable of detecting the destred stimulus and a feedback loop capable of avtomatically
adjusting parameters {e.g., power, frequency, &C.) 1o ensure appropriate stimulation.

j0244] fa certain variations, the electromagaetic or magnetic induction systems or devices
described herein and other inplantable or extracorporeal devices may melude a feature that
allows for automatic targeting of coils.

0245] A device may mclude multiple inductive coils or one or more movable inductive
coils. The device may also include a seasor based feedback algorithm. i one variation, the
device inchudes a targeting or movable cotl which may be positioned over or i proximity to a
patient’s body at a site that elicits a response that can be sensed automatically or detected by a
user. Ouce this response s detected, the coil may either move to its stimulation posttion, or in
the event that a small targeting cotl is used, the therapeutic coil may already overlie the
treatment arca. Once the response is detected, the therapy may automatically begin.

{0246} fn one example, relating 10 the treatment of depression, the motor cortex is
stimulated until the thwed is seen to move. The coil may then be advanced, ez, about 5 cm
to about S inches, forward to a postiion over the frontal cortex. This feature eliminates the
guesswork that may otherwise be involved in moving or positioning a coil, and antomates

therapy based on user feedback or EMG senor or other sensor feedback, e g, over a thumb.
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{0247}  Figure 43A shows an example of a device 420 positioned o a skull. The device
includes a treatment cotl 422 and a targeting coil 423, The treatment coil 422 may be
positioned by EMG detection with targeting coil 423 stimudation, where the targeting cotl may
1Ot MOve.

j0248] In another variation shown in Figure 438, an ergonomic fixture or applicator 43¢
{e.g., a helmet) may be worn and a coil 432 positioned on the applicator may shide or move
from its targeting position to its therapeutic position automatically or by user intervention.
{0249] The feature that allows for automatic targeting of coils may be utihized i1 any
device designed to stimulate nerve, body or other tissues with stimulator or sub-stinwulator
fields i which the device may be targeted based on a detectable signal or response.

{0156] Other conditions that may be treated utilizing the various electromagnetic or
magnetic mduction stimulation systems and methods described heremn melude but are not
himited to: pelvic pain, interstitial cvstitis, fibvomvalgia, chronie fatigoe and pretenm labor,
pain syndromes, lrnitable Bowel Syadrome, Valvodynia, Herpetiue neuralgia, irigeminal
neuralgia and Myofascial pain.

{0251  EXAMPLES

{02521 The following Examples are provided for illustration, not imitation. One with skall
m the art would be able to use these examples as guidelines for making and using comparable
devices.

0253} Int each example, intermittent therapy should be applied and symptoms/scores
tracked for a mininmam of 6 weeks in order to deternune the full extent of the therapies effect.
10234} Example 1 Empirtcal Testing of Efficacy in the Treatment of Neuropathic Pam:
The optimal stinnsdus intensity for newopathic pain treatment; the optimal application
parameters, .. frequency of stimulation, duwration of treatment, location of stinwulator coils in
cach disposable array of coils; and the optimal coil diameter/placement within the stravs can
bie determined using the following experimental protocol: Before, during and after treatment,
patients will report scores of neuropathic pam after weekly stimulation over a minimum of 6
weeks.

j0255] Example 2; Empirical Testing of Efficacy m the Treatment of Neuromuscular Pam:
The efficacy of newromuscular pain treatment can be tested by monitoring patient reported

pain scores. A standardized scale may be utilized and, when feasible, local biopsy and blood
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tests can be useful i determining the impact of the therapeutic fields on cireulating factors and
tocal mediators. The optimal pulse amphitude, duration, site of stimulation will be assessed
based on reporied pain scores and dingnostic tests.

{0236} Example 3: Empirical Testing of Efficacy in the Treatment of Orthopedic
conditions (1.e., Arthritis, Back pain and neck pam): The efficacy of arthritis treatment can be
tested by monitoring patient reported functionality scores. A standardized subjective
functionality scale may be utitized and, when feasible, local biopsy may be useful in
determining the unpact of the therapeutic fields on the cartifage and arthritic regions treated.
As cartilage destruction is a well-studied side-cffect of arthritis, reduction of this degeneration
will be a valuable marker for efficacy of therapeutic treatments. The optimal pulse amplitude,
duration, site of stimulation will be assessed based on reported functionality scores and
diagnostic tests. Pain scores may also be measured to determine the device’s ympact on
orthopedic conditions such as back pain, neck pain, ete, A standardized pain scale may be
used before and after treatment to determine potential benefit.

[0257] It is also contemplated that any of the energy emitting systems or devices deseribed
herein can be used with or without a sensor for detecting conduction of a stimulated nerve or
muscle of tissue stimulation resulting from the electromagnetic or magnetic field generated by
the conductive coil and delivered to a patient or an electrical stimulos delivered to a patient.
Also, in any of the above variations, a controtler may optionally be conpected, coupled,
integral to or otherwise in communication with the conduoctive couls andfor the senser.
Optionally, the sensor may be connected, coupled, miegral to or otherwise m communication
with the conductive coil,

j0238] In certain vanations, transdermal electrical stimulation therapy may be provided 1o
a patient or subject. One or more stimulator electrodes may be positioned over a glabrous skin
surface overlving a target nerve of the patient.  Electrical stimulation or an electrical stimulus
may then be delivered via the stimulator electrode through or across the glabrous skin surface
to the target nerve 1n the patient, to stinwlate the target nerve. The electrical stmulation may
be delivered at a level and in a manner sufficient to generate motor andfor sensory nerve
conduction. For example, the electrical stimulation may be delivered at a frequency of about 5

Hz to about 80 Hz or about 20 HZ or 30 Hx to about 60Hz or greater than 30 Hz, while
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remaining safe and tolerable to the patient. The stimulation may be delivered in a non-
HIVASIVE MIAnner,

{0259] The stimndator electrode may be positioned over or on various regions of the body.
in certamn variations, the stimulator electrode may be positioned over a palm or plantar skin
surface. For example, the stimulator electrode may be positioned over a glabrous skin surface
overtying a plantar nerve of the foot, where the electrical stimulation may stimulate the plantar
nerve. Stimulation of the plantar nerve may result in stimulation of the tibwal nerve to treat
various conditions, such as urinary mcontinence or overactive bladder.

j0260] Various types of elecirades may be utilized as a stimulator electrode, e g, a surface
electrode, microneedle electrode, a TENS (transcutansous electrical nerve stimulation) paich
or other electrode that may be positioned over or on the skin surface. Optionally, a conductive
substance may be injected or implanted near the target nerve to improve electrical conductivity
to the target nerve from the stimulatory electrode. Electrical stimulation may be delivered
mtermittently or on a chromie basis and may inclode one or more electrical signals designed
be constructive apd/or destructive in order to improve fissue penetration andior signal
tolerance.

{0261] o certain variations, nerve stunulation resulting from the electrical stinwulation
therapy may be detected via at least one sensor positioned on or near the subject. The sensor
may provide a signal indicative of the detected elecivical stimulation thereby providing
feedback about the efficacy of the apphed electnical stinmlation therapy such that the therapy
may be adjusted or optimized. The feedback foop may be queried such that the electrical
stimulation therapy may be adjusted to ensure that the mintmum amount of energy is being
apphied to stimulate the arget nerve while reducing the risk of burns or intolerance.
Optionally, the feedback loop may be queried such that the positionmg of the stimulator
clectrode may be adjusted to optimize the electrical stumulation therapy. Various sensors may
bie utilized, including but not limited to a surface electrode, 3 microneedie electrode, or motion
sensor. In certain variations, the sensor may detect conduction of motor and/or seusory nerves,
For example, a sensor may detect afferent or efferent nerve stimulation of the target nerve or

other nerve or related nerve.
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[0262]  In certain variations, a yround electrode may be wtilized. For example, the ground
clectrode may be positioned on the subject to facilitate penetration of an electrical current from
the stimulatory electrode through the glabrous surface to stimulate the target nerve,

{0263] In certain variations, a stimulator electrode may be positioned over or attached to a
glabrous skin surface with an adhesive or other form of attachment or fastener. In other
varigtions, a stimulator electrode may be positioned over or held in contact with a glabrous
skin surface with an ergonomic applicator.

{0264]  Various applicators for positioning electrodes ever varous regions of the body to
deliver electrical stimulation, e.g., transdernual electnical stimolation, may be wtthzed. For
exanple, an applicator may be in the form of an insole configured to be positionad agaiast,
over, or in comtact with the plantar swrface or a glabrous surface of the foot such that an
electrode positioned on the insole may deliver electrical stimulation through or across the
glabrous skin surface, 10 a target nerve or other tissue within the foot. The insole may be
configured to be posttioned in an orthotic or a shoe such that elecincal stimulation may be
delivered to the subject while the subject is walking. In other variations, an applicator may be
a foot plate or foot rest or cradle on which a foot or other portion of the leg or body mav be
positioned o receive electrical stimulation through or across a glabrous skin surface, from the
plate, rest or cradle or from electrodes of the plate, rest or cradle.

j0265] In another vanation, an applicator may be a glove, brace or other hand wrap which
is configured to be positioned against, in contact with, or over the palmar surface or a glabrous
surface of a hand. An electrode of the glove, brace or wrap may deliver electrical stimulation
through or across the glabrous skin surface to @ target nerve or tissye within the hand.

j0266] Various applicators or ergonomic applicators may be utihzed to provide
transdermal electrical stimulation therapy to a subject. In certain variations, an applicator may
include one or move stimulator electrodes and one or more electrical pulse generators or
controtlers. The electrival pulse generator may be coupled to the stimulator electrode, The
electrical pulse generator may be incorporated into the applicator. Optionally, the electrical
pulse generator may be separate from the applicator or located remotely from the applicator or
stimulator electrode.  An applicator may include one or more seasor electrodes configured to
detect nerve stimulation and/or provide feedback about the efficacy of the applied electrical

stimulation therapy. Such feedback mav allow the therapy to be adjosted, modulated andfor
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optinnized. A sensor may detect motor andfor sensory nerve stimulation. For example, a
sensor may detect atferent or efferent nerve stimmdation.  In centam variations, the positioning
of the stimulator electrode may be adjusted based on feedback from the sensor in order to
optimize the electrical stimulation thervapy.

{0267] The applicator may also include one or more ground or ground electrodes. The
ground electrode may be a component of the applicator or may be attached to the subject
separately via a strap or other attachment. The ground electrode may be positioned on the
subject at a location that facilitates penetration of an electrical current through & glabwous
surface to stimulate the target nerve, e.g., on the opposite surface of a body portion refative to
the stimulator electrode.

{0168] As stated supra, an applicator may be designed for various portions of the body.
An ergononuc apphcator may be i the form of an nsole which can be posttioned against or
over the plantar sarface or g glabrous surface of the foot such that an electrode of the nsole
may debver electrical stimudation through or across a glabrous surface 1o a farget nerve within
the foot. The insole may be positioned iy an orthotic or a shoe, An applicator may also be in
the form ot a foot plate, cradle or foot vest. In other vaniations, the applicator may be designed
to stimulate a portion of a hand or upper extremity. For example, an ergonomic applicator m
the form of a glove or brace may be configured to be positioned against or over the palmar
surface of a hand such that the electrode of the glove or brace may deliver electrical
stimulation acress a glabrous surface to a target nerve within the hand,

{0269] Any of the various applicators or ergonomic applicators described herein may be
designed or configured 1o position or locate one or more stinwlator electrodes over or on a
glabrous skin swrface of a patient to deliver transdermal electrical stumulation through or
across the glabrous skin surface to an vnderlying target nerve or other tissue to stimulate the
target nerve or tissue. In certain vanations, an electrical stimulation or stimulus may be
delivered at various frequencies, e.g., at a frequency of about 3 Hz 0 about 60 Hz, or greater
than 30 Hz, while reruaining safe and tolerable to the subject.

0270} In other vartations, one or more stimulatory electrodes may be otherwise attached
to a skin surface, e.g., as a wired or wireless patch, adhesive or microneedle electrode in the
absence of an ergonomic applicator, to deliver electrical stimulation across or through a

glabrous skin surface to stimulate an underiving target nerve or tissuye.  Such electrodes may
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be used i combination with one or more ground or seusor electrodes. Such stimulatory
electrodes may deliver electnical stimulation or an electrical stimuolus at varioos frequencies,
e.g., at a frequency of about § Hx to about 60 Hz, or greater than 30 He, while remaming safe
and tolerable to the subject.

10271} In certain vanations an applicator may include two or more stimulator electrodes or
two more stimulator electrodes may be utilized without an applicator.

{0272] In certain variations, methods, systems and/or apphicators for providing an energy
based stimulation therapy to a subject are provided. An evergy emitting device may be
positioned m proximity 1o a glabrous swrface overlying a target tissue. Energy may be
delivered from the energy emitting device through or across the glabrous skin surface to the
target tissue to stimulate the target tssue, such as 4 target nerve. Various engrgy sources or
torms of energy may be delivered by the energy emitting device, mcluding but not hmited to,
an electric current, an electromagnetic or magnetic field or electromagnetic or magnetic
mduction stimplation, ulirasound, or RE fields. Energy may be delivered at various
frequencies. For example, the energy may be delivered at a frequency of about § Hz to about
60 Hz, or greater than 30 Hz, while remaining safe and tolerable to the subject.

{0273] The energy based stimulation therapy may be utilized 1o treat vanious conditions,
meluding but not limited to, overactive bladder, urinary incontinence, fecal incontinence,
chronic pain, depression, migraine, epilepsy, obesity, restless leg syndrome, or foot drop.
Energy may be delivered through a glabrous skin surface to provide neuremodalation to
stimulate other tissue. Tissues that may be stimulated mclude but are not himited a central
nerve, peripheral nerve, muscle, skin, or vasculature, Optionally, conductive substance may be
implanted or injected near a target fissue to umprove conductivity to the target tissue.

[0274] In one variation, a method for treating urinary incountinence or overactive bladder in
a subject may include one or more of the following steps, a stimulator electrode, (e.g., nan
applicator or as an adhesive or attachment electrode as described above) may be positioned
over a glabrous skin surface overlying a plantsy nerve or other nerve in the foot. An electrical
stinmulation may then be delivered through or across the glabrous skin surface to the plantar
nerve to stimulate the plantar nerve which results in stimuolation of the tibial nerve to treat
wrinary incontinence or overactive bladder, e.g., via stmulation of the sacral plexus or

pudendal nerve.
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10275] In other vanations, any of the various electrical stimulation methods and electrical
stimnlator applicators or electrodes may be utilized fo treat any of the conditions desenbed
herein,

{0276} In certain vaniations, methods, systems and/or applicators for providing an energy
based stinndation therapy to a subject are provided. An energy emitting device may be
positioned in proximity to or over a skin surface overlying a target nerve or tissue, The energy
emitting device may include any of the devices, systems or applicators described herein andfor
lustrated m any of the vartous figures 1-49, e g, an electrode or apphicator for delivermmg
electrical stimulation or an applicator for providing electromagnetic or magnetic stimulation or
nduction therapy. Energy may be delivered at a frequency of about | Hz to about 30 Hz
through or across a skin surface (e.g.. a glabrous skin surface or any other skin surface or non-
slabrous skin surface) io the a target nerve to generate motor andf/or sensory nerve conduction
while rematming safe and tolerable to the subject. In certain variations, energy may be
delivered at a frequency of less than 10 Hz to generate motor and/or sensory nerve conduction.
{0277] Energy delivered wransdermally, through, or across a patient’s skin at a frequency
from about ! Hz {o about 30 Hz, or at a frequency of fess than 10 Hz has unexpectedly been
found to stimulate or generate motor andfor sensory conduction in a target nerve. For
example, energy delivered transdermally, through, or across a patients skin at aboot | Hz to
about 30 Hz, or at less than 10 Hz has unexpectedly been found to stunulate or generate motor
and/or sensory nerve conduction of a tibial nerve, where such level of stinwlation may be
sefficient to treat a patient saffering from winary incontinence, overactive bladder, fecal
wcontinence or other conditions. The energy may be dehivered through or across a glabrous
skin surface or non-glabrous skin surface or any other skin surface (e.g., any skin sorface
overlying a tilual nerve).

{0278]  Various energy sources or forms of energy may be dehivered by the energy ensitting
device, including but not limited to, an electric current, an electromagnetic or magnetic field,
ultrasound, or RF fields. The energy based stimulation therapy way be atihzed to treat various
conditions, inchsding but not fimited to, overactive bladder, urmary incontinence, fecal
incontinence, chronic pain, depression, migraine, epilepsy, obesity, restless leg syndrome, or
foot drop. Energy may be delivered through a glabrous skin surface or any other skin surface

to provide neuwromodulation to stimulate other tissue. Tissues that may be stimulated include
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but are not linited a central nerve, paripheral nerve, muscle, skin, or vasculature. Optionally,
conductive substance may implanted or injected near a target tissue to improve conductivity 1o
the target tissue.

{0279] Figure 44 shows the anatomy of a foot, providing a view of the underside, sole or
plantar or glabrous sarface of the foot. The medial and lateral plantar nerves innervate the sole
of the foot and arise from the posterior branch of the tibial nerve. Vanous stimulator sites for
stimulating the plantar nerves or branches thereof may be located near, in proximity to or
along the plantar nerves. Figure 44 shows one example of a stimulator site 316 located over
the glabrous surface of the foot, over the plantar nerves. A second exemplary stimulator site
512 1 also depicted at a location over the glabrous surface of the foot, over the plantar nerves,
distal to the first stimulator site 510, An encrgy based stimulus, e, an electrical or
electromagnetic stimulus, may be delivered transdermally, through or across a glabrous
surface of the foot at one or more of the stimulator sites to stimulate the plantar nerves or other
nerves 1 the foot.

{0286] In certain variations, electrical stimulation may be delivered transdermally, through
or across a glabrous surface on a subject, e.g., through or across a glabrous surface of the foot
or hand. The electiical stinuudation may be sufficient to generate conduction of motor and/or
sensory nerves. An electrical stimulation may be delivered by placing one or more electrodes
anywhere over or on a glabrous skin surface overlying one or more target nerves or other
target tissue. Stimulator and/or ground electrodes may be utilized. Exemplary electrodes may
include but are not limited to surface electrodes, dry electrodes, gel electrodes, microneedle
electrodes or any other suitable electrode for delivering an electrical stimulus. An electrode
may be adhered or otherwise attached 1o a glabrous surface. Optionally, an electrode may be
held or positioned in contact with, in proxinuty to, or over a glabrous surface with a wearable
garment, cradle, applicator or body portion rest or support (as described in further detal
herein).

0281} In one variation, electrical stimulation may be delivered to one or more of the
stimulator sites or simar sites depicted i Figure 44, by positioning one or more electrodes
over a glabrous surface of the foot, over an underlying plantar nerve or other target nerve. A
ground electrode {not shown) may be posttioned anywhere on the foot. For example, the

ground electrode may be positioned over a posterior or upper surface of the foot o encourage
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or facilitate deeper penetration of the electrical current or stimulation, through the glabrous
surface of the foot, 1o a plantar nerve or other target nerve within the foot.

{0282  Delivery of electrical stumulation through or across & glabrous surface of the body
via an electrode positioned over a glabrous surface, e, a glabrous surface on a palmar or
plantar surface, upexpectedly alfows for the use of a higher frequency and/or higher amphiude
electrical pulsation or electrical stimulus to deliver the electrical stimulation than would
otherwise be safe and/or tolerable to deliver electrical stimulation through a non-glabrous
surface of the body. For example, an electrical stimulus having a frequency of about 5 Hz to
about 60 Hz {a range found 1o be effective for generating motor andfor sensory nerve
condaction of the posterior tiblal nerve) may be uiilized to stimulate a target nerve {to generate
motor and/or sensory nerve conduction therein} or tissue through or scross a glabrous skin
surface {via an electrode positioned over the glabrous skin surface} in a manner that remains
sate and tolerable to the patient and avouds burns or infury, Optionally, an electrical stimulus
having a frequency of about § Hx {o about 60 Hz, or greater than 30 Hz, may be utthzed.
[0283] In contrast, utilizing an electrical stimulus having a frequency of about 3 Hz to
about 60 Hz or greater to stimulate a target nerve ov tissue through g non-glabrons skin swrface
{via an electrode positioned over the non-glabrous skin surface} s miolerable and paintul,
resulting in burns or injury, and thus making such a procedure impractical and not feasible.
0284 For example, delivering electrical stmwudation through a non-glabrous surface of the
body, for example, by stimulating a site overlying a nerve near the medial mallecolus to ehicit a
maotor response of the abductor hallucis longus, generates a painfal shock to the patient. While
at g single pulse, such as in the use for EMG diagnostics, such electrical stimulation may be
tolerable, as the frequency increases, the shocking sensation builds and guickly becomes
painful and intolerable.

[0285] It 15 contemplated that other energy sowrces, for example, an electromagnetic or
magnetic stinlus having a frequency of about 5 Hz to about 60 Hz, or greater than 30 Hz,
may be utilized to simulate a target verve or tissue through a glabrous surface in a manner that
remamns safe and tolerable to the patient.

{0286} Various electrodes andior applicators for applving an electrical or other energy

based stimulation to a patient are described herein.
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{0287} Figure 45 shows one variation of an ergonomic insole or shoe applicator for
delivering electrical stimulation over the glabrous surface of a foot. The ergonomic insole 520
may inclade one or more stimalator electrodes 522 for delivering elecirical stiimulation to a
user. The electrode 522 may be attached 1o or positioned 1 the ergonomic insole 520. The
ergonomic insole 520 may hold or position the stimulator electrode 322 against, m contact
with, or in proximity to a glabrous surface of the foot, to deliver the electrical stimulation
through the glabrous sarface to an underlying target nerve or tissne.  Optionally, the
electrodes may be utilized for providing stunulation, sensing andfor grounding. In certain
vartations, the electrode may be attached to one or more wirves or may be wireless and/or
coupled to an electrical pulse generator or other generator or controlier and/or may not be
attached to or positioned m an ergononuc msole. Any of the electrodes described herein may
be durable, reusable, and/or disposable.

{0288} An electrical pulse generator 524 or other generator or controtler may be coupled to
the stimulator electrode 522, The electnical pulse generator 524 may be mcorporated into or
attached to the ergonomic msole 520, A ground electrode 326 or other ground may also be
provided. The ground electrode 526 may be attached to a strap or band extending from or
attached to the ergonomic insole, an orthotic, shee, or shoe applicator or elsewhere on the
user’s body. The ground electrode may be attached to one or more wires or may be wireless
andfor may be coupled to the stunulator electrode 522 and/or the pulse generator or controller.
The ground electrode 526 may be positioned anywhere on the foot. For example, the ground
electrode 526 may be positioned over a posterior or upper sorface of the foot to encourage or
facilitate deeper penctration of the electrical current or stimulation, through the glabrous
surface of the foot, to a plantar nerve or other target nerve withm the foot.

0289 In certain variations, the electrical pulse generator or controller may be located
distant or remotely from an ergonommic msole and the electrode positioned theretn. For
example, the electrical pulse generator may attached elsewhere on the body, e.g., attached to 2
belt, inside a pocket or strapped to the calf or other region of the body. The pulse generator
may communicate with or be coupled to the stimulator electrode or other electrodes via a wire
or wirelessly.

{6290] In certamn variations, the ergonomic insole may be castom built mto an orthotic,

shoe apphicator or other support for the foot. For example, the ergonomic insole mav be built
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into-an orthotie or shoe apphicator providing the user with the freedom to walk arcund while
recerving electrical siimulation therapy.

10291} Other ergonomic apphcators, designed for other regions of the body, may be
utitized for delivering electrical stmulation over various regions of the bady. For example,
Figure 48 shows a glove, brace or other hand wrap or glove like applicator 330, The
applicator 3530 may include one or more stinulator electrodes 552, such that the applicator 550
may hold or position an electrode 552 over or in contact with a glabrous surface of the hand or
palmar region of the hand to deliver elecirical stimulation through or across the glabrous
surface, 1o an pnderlving target nerve or tisspe within the hand. A ground electrode 556 or
other ground may be attached to the hand at another location and/or may be attached to a strap
of the applicator. The stimulator andfor ground electrodes 552, 556 may be coupled to an
electrical pulse generator 554, which may be positioned in the applicator 550 or at various
focations on or away from the patient. Optionally, a sensor electrode (not shown} may be
attached to the patient to detect nerve or other tissue stimulation and to provide feedback
regarding the efficacy of the therapy in order 1o optimize the therapy. The sensor may be
coupled to the electrical pulse generator 554,

{0292] fn other variations, an applicator may be m the form of a foot or hand plate, cradie
or support. For example, a nser may rest or position their bare foot on a foot plate to receive
electrical stimulation therapy from the plate or from one or more electrodes attached to the
plate. In another varigtion, a user may rest or position the palm of their hand on a hand plate
or suppott 1o receive electrical stimulation therapy from the plate or from one or more
electrodes attached to the plate to provide upper extremity stimulation,

0293} Figwre 46 shows another variation of an ergonomic insole or shoe appheator for
delivering electrical stimulation over the gla'bmus surface of a foot. The ergonomic insole 338
may inclade one or more electrodes for delivering electrical stimulation to a vser. The
electrode 532 may be attached to or positioned in the ergonomic insole 530, The ergonomic
msole 20 may hoeld or position the electrode 532 ggainst, in contact with, ot in proximity to or
over a glabrous swrface or plantar surface of the foot, to deliver the electrical stunulation
through the glabrous surface to an underlying target nerve or tissue. In certam variations, the

electrode may be attached o one or more wires or may be wireless andior may be coupled to
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an electrical pulse gensrator or other generater or controtler andfor may not be attached to or
positioned in an ergonomic insole.

{0294 An slectrical pulse generator 334 or other generator or controller may be coupled to
the stimulator electrode 532, The electrical pulse generator 334 may be incorporated into or
attached to the ergonomic insole 330, A ground electrode 536 or other groand may also be
provided. The ground electrode 536 may be attached to a strap or band extending from or
aitached to the ergonomic msole, an orthotic, shoe, or shoe applicator or elsewhere on the
user’s body. The ground electrode may be attached to one or more wires or may be wireless
andfor may be coupled to the stimulator electrode 532 anddor the pulse generator or controller.
The ground electrade 536 may be positioned anvwhere on the foot. For example, the ground
electrode 534 may be positioned over a posterior or upper surface of the ot to encourage or
tacihitate deeper penetration of the electrical carrent or stimulation, through the glabrous
surface of the foot, to a plantar nerve or other target nerve withia the foot.

j0295] In certam variations, the electrical pulse generator or controller may be located
distant or remwotely from an ergonomic msole and the electrode positioned therein. For
example, the electrical pulse generator may atiached elsewhere on the body, e.g., attached to a
belt, inside a pocket or sirapped to the calf or other region of the body. The pulse generator
may communicate with or be coupled to the stimulator electrode or other electrodes via a wire
or wirelessly,

j0296] The ergonomic insole 530 may wclude one or more sensor electrodes, For
example, in ope variation, as shown in Figure 46, the stimulator electrode 532 may also act as
a sensor electrode. The electrode 332 may detect stimulation of the underlying target nerve, o
provide feadback regarding the efficacy of the applied electrical stimulation therapy. For
example, the electrode 532 may detect motor and/or sensory nerve conduction. Detection of
and feedback regarding nerve stimulation via the electrode 532 may provide for agtomatic
adjustment of the treatment parameters or may guide or allow for manual adjustment of the
treatment parameters in order to optumize stimulation therapy, Optionally, an additional
sensor electrode 533 may be provided as well.

[0297] In certain variations, one or more separate or dedicated sensor lectrodes mav be
aitached to or positioned in the ergonomic insole 10 continuously andfor intermittently sense

the stimulation of a nerve. The ergonomic insole 530 may hold or position the sensor
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electrode against, m contact with, or in proximity 1o 2 glabrous surface of the foot, to detect
stimnlation of the anderdying target nerve, to provide feedback regarding the efficacy of the
apphied electrical stimulation therapy. For example, the sensor electrode may detect motor
and/or sensory nerve conduction. Detection of and feedback regarding nerve stmulation via
the sensor electrode may provide for automatic adjustment of the treatment parameters or may
guide or allow for manual adjustmuent of the weatment parameters in order to optimize
stimnlation therapy.  The sensor electrode may be coupled or connected to the electrical pulse
generator. In certain variations, the sensor electrode may be attached to one or more wires,
may be wireless and/or may be coupled to a pulse generator andior may not be attached o or
positioned in an ergonomic insole.

{0198 A sensor or apphicator with a sensor may be capable of sensing stimulation of a
nerve undertymg a glabrous swriace allowing for manual or avtomatic feedback to adjast the
parameters of the stimulation or the posttion of the grea being stimulated in order to optimize
the stimulator therapy.

{0299] In certain variation, as sensor electrode may be positioned or placed along the path
of the nerve conduction or motor or sensory impulse. Optionally, the sensor elecirode may be
positionad proxumal {0 & stimulator electrode, along the nerve conduction path

{03040] In certain variations, the electrodes may be attached to one or more wires, may be
wieless and/or may be coupled to an electrical pulse generator or other generator or controller
and/or may not be positioned 1 an applicator or support. For example, one or more stimulator
electrodes may be adhered to or otherwise attached to a glabrous skin surface of a pattent. One
or more ground electrodes and/or one or more sewsor electrodes may also be adhered to or
otherwise attached to the patient. The stimulator electrode, sensor electrode andfor ground
may be coupled to an electrical pulse generator andfor each other using wires or wirelessly.
The efectrical pulse generator may positioned i various locations or located anywhere on a
patient. For example, the electrical pulse generator or controlier may be held by a patient,
located on a belt or strap wom by the patient, or positioned in a pocket or ponch on the patient.
0301} For example, Figore 47 shows one variation of a stimulator electrode 342 attached
to a glabrous skin surface of the foot or sole of the foot. A ground electrode 346 mav be
attached to the foot at another location. The stimulator andfor ground electrodes 542, 546 may

be coupled to an electrical pulse generator 544, which may be positioned at various locations
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on or away from the patient. Optionally, a sensor electrode {not shown) may be attached to the
patient {o detect nerve or other tissue stimulation and to provide feedback regardimg the
efficacy of the therapy to optimize the therapy. The sensor may be coupled to the electrical
pulse generator 544,

10302} Figwre 49 shows another variation of a stimulator electrode 562 attached to a
glabrous skin surface of the hand or palm of the hand. A ground electrode 566 mav be
attached to the hand at another location. The stimulator andfor ground electrodes 562, 566
may be coupled to an electrical pulse generator 564, which may be positioned at various
locations on or away from the patient. Optionally, a sensor electrode (not shown) may be
attached to the patient to detect nerve or other tissue stimulation and to provide feedback
regarding the efficacy of the therapy to optimize the therapy. The sensor may be coupled to
the electrical pulse generator 564

{0303} Iny certain variations, svstems and methods for providing electrostiondation {(ES) of
the posterior tibtal nerve mindividuals with OAB and UL wia transdermal electrical fields, are
provided.  Various elecirodes for delivering the electrical stimulation may be utilized,
mncluding but not hmtted to surface electrodes with gnd without gel, microneedle electrodes,
and electrodes under strong pressure.

{0304} Electrical stimulation may be directed to nerves underlying glabrous skan surfaces

of the body {e.g.. the palms and soles). Higher levels of power (than what would be wtilized

and tolerated on non-glabrous skin surfaces) may be utilized when delivering electrical
stimulation transdermally, through or across a glabrous skin surface, while remaming safe and
tolerable.  For example, stimulation of the plantar nerves or other nerves of the foot via a
surface electrode positioned over the glabrous surface of the plantar surface 1s lnghly tolerable
and results in sensation sumilar to that found with needle-based, invasive stimuolation of the
postenior tibnal nerve, but in a non-invasive manner,

16305] Various devices or apphcators may be apphied to the feet andfor hand or other body
portions in order to stimulate nerves underiving glabrous surfaces on an intermitient o
continpous basis.  Blectrical stimuolation may be delivered via sorface or mcroncedle
electrodes.  Vartous devices may be used m copjunction with implantable or mjectable
substances w order 1o improve electrical conductivity to a target nerve.  As described supra,

the various methods and devices for providing transdermal electrical stimulation over a
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glabrous skin surface may be used to treat any disorder that is impacted by newomodulation
including, but not linuted to: overactive bladder, urmary incontinence, fecal incontimence,
chronte pain, depression, migraine, epilepsy, obesity, restless leg, or foot drop. The methods
may be applied either intermittently or, if necessary, on a chronic basis. A stimulator electrode
surface may be bheld in contact with a glabrous surface via an adhesive or an ergosomic
applicator,

{03006] Feedback may be provided to the stimulator to indicate that stimulation is ocourring
as mitended. This may wvolve an eMG type measuwrement device, a motion sensor or other
sensing device. This feedback loop may be imtermittently queried so that the stimulation may
be adjusted to ensure that the minimum amount of energy is being used to stimulate to reduce
the risk of burns or intelerance.

10307] it certain variations, the device may include an ergonomuc wrap or cradle. The
sensor feedback may allow for optimization of the positioning of electrodes based on sensor
Feedback further reducing the risk of burns or intolerance while fncreasing the efficacy of the
neuromodaiation.

{0308} The methods and devices described herein may be wiilized o stimulate various
body tissues, including nerve, muscle, skin, vasculatare, or any other organ or tissue within the
haman body. The methods and devices may be used to treat any suitable condition or perform
any suitable function via neuromodulation regardiess of whether the stimulation sowrce 18
eleciromagnetic fields, direct electric current, ultrasound, or RF fields.

0309 In certain vaniations, methods, systems and/or devices for performing
neuromodulation and/or low frequency induction therapy through glabrous skin surfaces, e.g.,
through palmar or plantar surfaces, are provided. The methods and system may be utilized for
treating or preventing varions conditions, such as urinary incontinence (U} andior overactive
bladder (OAB).

{0318 For example, a patient suffering from Ul or OAB may place the glabrous surface of
their foot over an insole, foot rest or foot plate applicator to provide contact between the
glabrous surface of their foot and a sumulator electrode of the msole, foot rest, or foot plate
apphicator.  Alternatively, a tethered or wired electrode may be used without an applicator or
separate from an applicator. The electrode mayv be attached to or held in contact with the

glabrous surface with an adhesive or as a cutancous patch.

5.3
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{6311}  The sumulator electrode may be positioned over the glabrous surface slong the
course of @ target nerve. The stinulator electrode may be positioned proximal to a stimulation
sife to enswre that afferent nerve stimulation ocowrs. A grownd electrode may be placed on the
body as well. One or more sensing electrodes may be placed along the path of the nerve
condaction or motor or sensory impulse. Stimulator andfor sensing elecivodes may be
connected or coupled to a pulse generator. The pulse gensrator and electrodes may be
incorporated or integrated into an insole, foot plate or other applicator. Alternatively, the
electrodes may be connected or coupled to a pulse generator where the electrodes are not
meorporated or integrated into the insole, foot plate or gpplicator.

{0312]  Electnical stimulation via the stimulator electrodes may begin at a low amplitude
and may slowly be ramped up or increased until nerve conduction is detected by the sensor
electrode andfor detecied by the patient who may signal that motor conduction has occwred,
e.g., by pressing a button or other indicator.

{0313} Ouce stimulation s detected, the electrical pulses or electrical stimuplation may
continue for the divected daration of use or therapy. Electrical stimudation may be delivered
internuttently to provide intermittent therapy. For example, electrical stimulation may be
delivered for 1530 minute intervals. In another example, electrical stimulation may be
delivered continuously to provide continuous therapy.

[0314] A sensor may remain in place for the duration of the electrical stinulation therapy
to ensure that stimulation occurs the entive time or substantially the entive time, and to allow
for correction or adjustment if the signal deteriorates. A controller for operating & pulse
generator or sensor may be powered by a portable power source (e.g., a battery) or a fixed
power source {e.¢., a wraditional wall eutlet).

0315} In certain variations, the electrical stimulation may have of g square wave electiie
siginal at a frequency of about 3 Hz 1o about 60 Hz at the targeted tissue depth. The square
wave configaration of the signal may be generated via Fourier transformation or may be a
ramped current generated 10 any manner.

{0316} The insole, foot rest, or foot plate may be removed from the body when thetapentic
stimulation s not being delivered. The insole, foot rest, or foot plate may be reapplied along

with a sensor patch (which may be disposable) as indicated. For example, the electrical
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stimudation therapy my be administered on a daily basws, where one or more of the above steps
are repeated.

{0317} Elecirical stinndation may be delivered according to any of the variations described
herein, in a manner such that the stimulation provides motor, sensory and/or subthreshhold
stimulation.  Any of the varous energy based stiimulation systems described herein may be
uttlized to provide therapy in various settings, e g, in home use or to provide ambulatory type
therapies,

{0318] In certain variations, as described supra, a device, applicator, pad, or garment
e.2., a gel pad or gel pad electrode, may include one or more electrodes, or have one or more
electrodes coupled thereto. The device applicator, pad, garment andfor electrodes may deliver
or provide energy, e.g., electrical, magnetic or electromagnetic, stimutation through or across a
glabrous skin surface, e.g., a plantar or palmar skin surface. Pain receptors may be located
deep under glabrous skin surfaces {e.g., located on the foot or on the palmy) allowing the
patient to have a higher tolerance to pain resulting from stimulation of these surfaces, than they
might have at another area of their body. Applving stimulation over these surfaces allows for
stimulation to be delivered at a higher frequency or power or at a greater strength or for a
tonger duration because of the higher tolerance to pain that a patient exhibits at these surfaces
OF areas.

0319] I addition, the device, apphcator, pad andfor electrode may inclade, carry or be
coated with one or more drugs, agents or therapeutic substances. For example, the applicator
or pad 520 or electrode 522, as shown m Figure 45, ov the applicator or pad 550 or electrode
S32, as shown m Figure 48, may be coated with or otherwise include a drug or other
therapeutic substance. Optionally, one or more electrodes may be utilized without a pad or
applicator and the electrodes may have a drug or agent coating on a surface of the electrode.
In certain variations, the applicator, pad and/or electrode may be coated with a pain relief drug,
anesthetic or numbing agent. The pain rehief drug, anesthetic or numbing agent may provide
the patient with an increased or maproved pain tolerance or may reduce or elinunate the
sensation of pain, such that the energy, e.g., electrical stimulation, may be apphied or delivered
at a higher frequency, higher power, greater strength and/or longer duration. The drug or agent
may coat a surface of the applicator, pad and/or electrode such that the drug or agent is located

between the appheator, pad and/or electrode and the glabrous sk surface of the patient when
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the applicator, pad or electrode s applied to the skin, thereby applying the drug to the skin.
The drug or agent may be provided in a stow release form or as a stow release drog or agent,
such that the coating provides a slow release of the drag, agent or active ingredient into the
patient.  Any of the applicators, pads, insoles, gloves, wraps, braces, plates, platforms,
electrodes andfor other energy delivery devices described herein for delivering stumulation,

e.g.. through or across a glabrous surface, mav be coated with or inchude a drug as described

above.
[03240] {n certain variations, stimulation e.g, energy stinmlation such as electrical,

magnetic or electromagnetic stamulation, may be provided through a glabrous skin surface at
parameters that overcome or avoid habituation of the targeted tissue to the stimulation. For
example, stimulation may be provided, e.g. vontnucusly, for 10 minutes, where the
stimulation 1s auwtomatically pavsed or stopped for about a 30 second mterval every 10
minutes.  This intenmittent pausing of interruption of stimulation may prevent or overcome
habituation of the target tissue, e.g., nerve, muscle or other tissue, to the delivered stimulation.

0321} {n one variation, the treatment parameters for stimulating a target nerve or other
tissue through a glabrous skin surface, e.g., a plantar or palmar skin surface, may inchude the
following: Apply electrical or magnetic stimulation for a duration of 30 minutes, pausing for
gbout # 30 second interval after 10 nmunutes of stimulation and then again after another 10
ninutes of stimdation. In other variations, the treatment parameters may vary, e.g.,
stimnlation may be applied for an iaterval ranging frony 0 to 100 minutes or greater or as
necessary to treat symptoms. 1o certan variations, for example, stimulation mayv be applied or
provided for 20, 40, 30 or 60 minuates. In cerfain variations, for example, the pause in
stimulation may be for an interval ranging from 0 1o 100 seconds, or 5 to 60 seconds or 20 to
40 seconds.

10322} In ancther variation, a sensor {e.g., EMG sensor) may be utilized, which may
detect signs of habttuation, e.g., decreased stimulation or exciiation of a target nerve, muscle
or other tssue {or lack of any resulting stimulation} or a reduced response to stimulation,
Through a feedback loop, detection of habituation or stinwlation levels by the sensor, may
automatically cause the stmulator to pause or stop delivery of stimulation to the target nerve
or tissue for a predetermined interval or duration or until habituation s no longer detected. In

any of the variations described herein, the stinnidation may be pavsed avtomatically, manually
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or via other controls or via an electrical pulse penerator or contreller in a predetermined o
preset manner and/or based on feedback provided by a sensor.

10323 In certain varations, electrical epergy or stimulation may be applied to glabrous
skin surfaces through electrodes, e.g., conductive microneedle patches, needles, or other
clectrodes, or by utihzing any of the devices or applicators described herein.  Various
electrodes, devices and/or applicators for providing stimulation mav be applied to plantar or
palmar surfaces of a patient. For example, if apphed to plantar surfaces, electrodes may be
applied to one foot or both feet. In cases where the stumulation is apphied to one foot, the other
foot may be used as ground, i, stimulation may be delivered mto one foot and out the other
foot. Various conditons may be treated using the devices, applicators andfor electrodes and/or
the varions methoeds, therapies and treatment parameters described herein, ey, urinary
meontinence, overactive bladder, epilepsy, migrames, and depression, ete.

{0324] fn certain variations, treatment of a patient using electrical stimulation may be
monitored and/or adjusted based on the detection of feedback signals using primarily Fowave
detection or based on the detection of Fewaves or M-waves, eg, m a foot or hand. For
example, detection of an F-wave or F-wave feedback (2.g., via a sensor or electrode sensor)
may be ssed i monttoring andfor o adjust the applied stimulation therapy. Optionally,
stimulation may be ramped up ontil an F-wave 1s detected and then adjusted as necessary. F-
wave detection measures nerve conduction velocity,  Fowave detection may be used as
opposed to H-reflex detection, which measuwres reflectory reaction from muscles. 1n other
varigtions, optionally both F-wave and Hereflex detection may be used or solely Hereflex
detection may be used. Stimulating to a sub-motor stimudation may be performed. in certain
variations, F-waves, M-waves and/or Hwreflex may be detected i the foot, hand or other body
part.

{0325] Electrical energy miay be applied or delivered using any of the devices, applicators
or electrodes described heretn at specified frequencies and/or parameters or using various duty
cycles. In one example, electrical energy may be applied at a frequency of 3 Hz to 20 Hr (e,
to provide supermaximal stimulation) in a train of 3 polses followed by a ¥ second break, and
then another train of 3 pulses. Up to 10 pulses per weatment cycle may be provided. The train
of 10 pulses can be repeated as needed. In another example, a train of 10 pulses followed by a

break and then another 10 pulses may applied, e.g., at a frequency of 3 Hz to 20 Hx or at abowt

79 .. . .
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s

20 Hz. The ' second break tune mav be varied as well as the number of pulses applied and
the number of cycles. This pulsed treatment may be applied through one or more or several
cycles. The palsed treatment or stinmiation may produce F-waves which may be detected. In
certain variations, any of the treatment parameters as described herein may be applied where
only half of the pulses are stimulatory, e.g., one or more cyeles of pulses may be provided at
20 Hz, where only half of the pulses are stimulatory.

{0326} Certain frequencies, e.g., frequencies applied at greater than 20 Hz, may lead to a
painful condition called tetany (Le., panful, mvoluntary muscle cramping}, which is an
indication that the upper level for frequency has been reached in the patient. Tetany may be
monitored using a sensor, e.g., an EMG sensor or Electromyography. to provide feedback
regarding tetany. Tetanv may be distinguished by EMG. Figore 50 shows an example of an
EMG reading showing a gradual mcerease in the detected level of stmulation or electrical
activity, up to a level where tetany is likely experienced. Ounce the svstem detects the
beginning of tetany or provides tetany feedback, the treatment frequency or power {of the
stimulation delivered by an electrode or device} may be reduced, adjusted or halted
autornatically or manually, The frequency at which tetany 18 experienced may vary in
different imndividuals.

{0327] In one variation, 2 treatment device or applicator for delivering enerpy, e.g.,
electrical energy, way melude a platform with one or more microneedles, microneedie
electrode, or other electrodes positioned upon the platform.  Microneedles may vary in length
to penetrate different layers of the skin, e.g., to penetrate a callus on the skin. A patient may
place their foot upon the platform to receive wreatment. Optionally, a separate strap having a
feedback/monttoring electrode or electrode sensor may be wrapped over the foot to place or
posttion a feedback/monitioring electrode on the patient. The strap and feedback electrode or
electrode sensor may be coupled to the platform or be separate.  In another variation, the
stimulatory electrode may be posttioned m a shoe, sock o glove of a patient.  In certain
j0328] Detection of stimulation, excitation, or condnction using a sensor may provide
miformation to optimize or adjust the applied therapy. I no or reduced stimulation, excitation,

glectrical activity, response, Fowaves, and/or EMG 18 detected during treatmaent, this may be
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indicative of a nus-positioned foot, palm or other body part relative to the one or more
clectrodes or the device or apphicator,

10329} Vanous conditions may be treated using the devices, applicators andior electrodes
andfor the various methods, therapies and treatment parameters for providing stimulation as
described above, e, urinary incontinence, overactive bladder, epilepsy, mugraines, and
depression, efc.

{0336] In certain vanations, electrical, electromagnetic, magnetic energy andior other energy
may be utihized to provide stimulation according to any of the systems andior methods
described above.

0331} Each of the individual variations described and itlustrated herew has discrete
components and features which may be readily separated from or combined with the featwres
of any of the other vartations. Modifications may be made to adapt a particolar situation,
material, composition of matter, process, process act(s) or step(s) to the objective(s), spirit or
scope of the present tnvention,

[0332] Methods rectted herein may be carried out in any order of the recited events which
is logically possible, as well as the recited order of events. Furthermore, where a range of
values 15 provided, every intervening valae between the upper and lower limit of that range
and any other stated or intervening valoe in that stated range 1s encompassed within the
mvention. Also, any optional feature of the wventive variations desceribed may be set forth
and claimed indepeadently, or m combination with any one or more of the features described
herein,

{0333]  All existing subject matter mentioned berein {e.n., publications, patents, patent
apphications and hardware) is incorporated by reference herein in #is entirety except insofar as
the subject matter may conflict with that of the present invention (in which case what 1s
present herein shall prevail), The referenced items are provided solely for their disclosure
prior o the filing date of the present application. Nothing herein s to be consiraed as an
admission that the present invention is not entitled to antedate such material by virtue of prior
mvention,

10334 Reference to a singular item, includes the possibility that there ave plural of the
same tems present. More specitically, as used herein and in the appended clanms, the singular

K, AP A

forms “a,” “an,” “said” and “the” mclude plural referents unless the context clearly dictates

oo

Petitioner - Avation Medical, Inc.
Ex. 1023, p. 81



10

Attorney Docket No. EMRNNZGO702

otherwise. 1t is further noted that the claims may be drafted to exclude any optional element.
As such, this statement 1s mtended to serve as antecedent basis for use of such exclusive

k4

terminology as “solely,” “only™ and the like i connection with the recitation of claim
glements, or use of a “negative” Hmitation. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as conunonly understood by one of
ordinary skill in the art to which this invention belongs.

{0335] This disclosure is not intended to be linnted to the scope of the particular forms set
torth, but 1s intended to cover alternatives, modifications, and equivalents of the variations
described herein. Further, the scope of the disclosure fully encompasses other vanations that
may become obvious to those skilled in the art in view of this disclosure. The scope of the

present invention is himited only by the appended clamms.
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CLARS
What 15 claimed is:

1. A method for providing transdermal electrical stimulation therapy to a subject
comprising.

positioning a stimulator electrode over a glabrous skin surface overlying a palm of the
subject;

deltvering electrical stimulation transdermally through the glabrous skin swrface and to
A target nerve or tissue within the band o stunulate the target nerve or tissue within the hand
until pain felt by the sabject 1s mitigated;

providing feedback signals based on F-wave detection; and

adjusting or optimizing the electrical stimulation delivered through the glabrous skan

surface and to the target nerve or tissue within the band based on the F-wave detection.

Lah
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ABSTRACT OF THE DISCLOSURE

Vartous methods and devices for providing transdermal electrical stimulation therapy
to a patient are provaded. In certain variations, a method may include posiioning a stimulator
electrode over a glabrous skin surface overlying a target nerve of a subject. Electnical
stimulation may be delivered through or across the glabrous skin surface to the target verve to
stimulate the target nerve, while remabung safe and tolerable to the patient. Electrical
stimulation may be delivered at frequencies that may be pamnful or intolerable when applied
over non-glabrous surfaces of the body. Various applicators or devices for providing

transdermal electrical stimulation therapy are also provided.
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