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

CROSS-REFERENCE TO RELATED APPLICATIONS

{301} This application is a continuation in part of PCT International Patent
Apphication Nurnber PCT/US2011/0524 15, filed September 20, 2011, which claims
benefit of priority to U.S. Provisional Patent Application Serial No. 61/403,680 filed
September 2{, 2010, The present application is also a continuation-in part of U.S. Patent
Application Serial No. 12/508,529 filed July 23, 2009, which 1s a contimuation-in-part of
U5, Patont Application 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, Each of the above referenced applications is incorporated herein by reference in
their entirety.
{8602} The following applications are also incorporated herein by reference in
their entirety for all purposes: PCT Application Serial No. PCT/USHY 54167 filed
Cctober 26, 2010; PCT Application Sertal No, PCT/USIG/054353 filed October 27,
2010; U.S. Patent Apphication Serial No., 12/508,529 filed July 23, 2009, whichis a
continmuation in part of U.S. Patent Application Serial No. 11/866,329 filed October 2,
2047, which claims priority to U.S. Provisional Patent Application Serial No, 60/848,72{
filed October 2, 2006; U.S. Patent Application Serial No. 12/695,087 filed Jamuary 27,
2010, which is a contimuation of .S, Patent Application Serial No. 11/332,797 filed
January 17, 2006; US. Patent Application Serial Nos. 12/509,362 filed July 24, 2009;

2/469,365 filed May 20, 2009 which is a contimuation of ULS. Patent Application Serial
No. 11/866,329 filed October 2, 2067 which claims priority to U.S. Provisional Patent
Application Serial Mo, 60/848,720 filed October 2, 2006, and 12/469,625 filed May 20,
2009 which 1s a continuation of U.S. Patent Application 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; and 12/509,304 fited July 24, 2009 which isa
contimuation of U.S. Patent Application Sertal No. 12/508,529 filed July 23, 2009 which
is a continuation-in-part of 1S, Patent Application Sertal No. 11/866,329 filed October
2, 2607 which claims priority to U.S. Provisional Patent Application Serial No.
6Gi/848,720 filed October 2, 2006; and 12/509,345 filed July 24, 20069 which is a
continuation of U.S. Patent Application Serial No. 12/508,529 filed July 23, 2009 which

ts a continuation-in-part of U.S. Patent Application Serial No. 11/866,329 filed October
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2, 2007 which claims priority to U.S. Provisional Patent Application Serial No.

60/848,720 filed October 2, 2006,

5 FIELD OF THE INVENTION
[B683] The present apparatus and methods relate generally to energy emutting
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
10
BACKGROUND
B8084] The OAB and Ul market in the United States is well over a $12 bilhion s

vear industry, It affects over 16% of all Americans, for a total ULS, market of
approximately 34 million men and women cach year. Due to social stigmas attached fo
15 OAB and UL, as well as misunderstanding of the signs and symptoms associated with
OAR and UL, only 40% of those affected (13.6M) seek treatment. Of those 13.6 million
mmdividuals, nearly 30% arc unsatisfied with their current therapy.
[H005] The use of pulsed electromagaetic stimulation (PES) has been well
established as a beneficial therapy in a variety of medical applications. The scientific
20 principle behind this technology is that an electric current passed throogh a coil will
generate an electromagnetic ficld. These fields, n turn, have been shown to induce
current within conductive materials placed within the field. When applied fo the human
body, pulsed electromagnetic stimulation has been found to be an effective method of

stimulating nerves resting within the clectromagnetic field. Recent data highlights the
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bencticial effects of invasive, needle-based electrastimulation (ES) of the posterior tibial
nerve in individuals with OAB and UL ES has been found to modulate bladder
dysfumetion through its action on the pudendal nerve and the sacral plexus which
provides the major excifatory input to the bladder.

[6806] Current treatment options for OAB and Ul are exercise and behavioral

36 modifications, pharmacological therapies, surgical infervention, and neuromodulation.
Although each of these freatment options targets the Ul and OAB populations, cach has
severe limitations.

BO87] Exercise and behavioral modifications often require patients to adhere to

stringent routines, including scheduled voiding, maintenance of a bladder diary, and

[
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intense exercise regiments, While this may be a viable option for a small group of highly
dedicated mdividuals, its daily impact on one’s life makes it an unattractive option for
most fndividuals,

1B008] Pharmacological intervention is the most widely prescribed therapy for

(¥4

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
ciderly patient populations where interaction with other prescribed medications can have
adverse effects. Further, there is a high rate of dissatisfaction, approximately 30%,
amongst individuals using pharmacological treatment.

JRU L 1 Surgical intervention is an extremely mvasive treatment and often results
in the long-term, and in some cases permanent, requirement for catheterization. The high
expense of these procedures, coupled with the negative impact the procedures have on
the patients quality of hife, make this an option only when all other treatment options
have been exhausted.

15 (6616 Neuvromodulation is another reatment alternative for OAB and Ul
patients. Sacral nerve stimulation (SN5) has shown iiself to be an effective treatment
option for those with OAB or UL However, the procedure requires the permanent
implantation of an clectrical stinwlation device in the patient. One estimate puts the cost
at nearly $14,000 with additional routine care costs of $593 per patient per year,

20 Additionally, SN5's risk of battery fatture, implant infection, and electrode migration,

fead to a high reoperation rate and make this procedure unattractive.

18811 More recently, the mtroduction of a posterior tibial nerve stimulator, often

referred to a8 SANS, has shown itselt to be another neuromodulation aliernative, Yet as

is the case with other formus of nouromodulation, this system is invasive in its nature. It

25 requires the insertion of a needle two mches into the patient’s ankle region in order to
stinmfate the posterior tibial nerve. As well, it requires a minimum of 12 sessions for
mitial treatment, with the possibility of additional sessions needed for maintenance.
Drespite s high cost and invasive nature, though, an abundance of published peer-
reviewed clinical trials demonstrate the safety and efficacy of the SANS therapy.

36
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SUMMARY
18612} In certain varations, a method for providing transdermal electrical
stimulation therapy to a patient is provided. The method may include positioning a
stimufator electrode over a glabrous skin surface overlying a farget nerve of a subject.
Electrical stinmulation may be delivered through or across the glabrous skin surface to the
target nerve fo stimulate the target nerve, while remaining safe and tolerable to the
patient, Electrical stimulation may be delivered at frequencies that may be painful or
intolerable when applied over non-glabrous surfaces of the body. The clectrical
stimulation may be utilized to treat various conditions, ¢.g., urinary incontinence and
overactive bladder,
188134 In certain variations, an applicator, ¢.g., an ergonomic applicator, for
providing transdermal electrical stimolation therapy to a patient is provided. The
applicator may be configured 1o position a stimulator electrode over a glabrous skin
surface of the subject to deliver transdermal electrical stimulation through or across the
glabrous skin surface to an underlying target nerve, resuiting in stimulation of the targest
nerve,
16614} In certain variations, a method for providing an energy based stimulation
therapy to a subject is provided. The method may include positioning an energy emitting
device in proximity to a glabrous surface overlving a target tissue. Energy may be
delivered through the glabrous skin surface to the target tissue {o stivoulate the farget
tissue.
18815] In certain variations, another method for providing an energy based
stimulation therapy to a subject is proved. The method may include positioning an
encrgy onmidting device in proxiraity fo 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
dehivered at less than 10 Hz to generate nerve conduction.
8818} In certain variations, systems for electromagnetic induction therapy may
inchide one or more conductive cotls disposed within or along an applicator. The coils
may be configured to generate a magnetic field focused on a target nerve, nuscle or
other body fissucs in proximify to the coil. One or more sensors may be utilized to detect
electrical conduction in the target nerve, to detect a muscular response caused by an

glectrical conduction in the target nerve, or to detect stimdation of a nerve, muscle or
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other body tissues and to provide feedback about the efficacy of the applied
electromagnetic induction therapy. A controller o communication with the sensor may
be adjustable to vary a current through the at least one coil 80 as to adjust the magnetic

field focused upon the target nerve, muscle or other body tissues. Optionally, a user or

(¥4

patient may detect stimulation of a nerve, muscle or body tissue and the therapy may be

adjusted based on feedback from the user or pationt,

188171 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 habitoation of the target nerve, nuscle or tissue.

10 [6618) In certain variations, methods of electromagnetic induction therapy may
include one or more of the following steps. A first portion of a patient’s body may be
positioned relative to or in proximity o an applicator or an applicator may be positioned
relative to or in proximity o a first portion of a patient’s body, such that a target nerve,
muscle or tissue within the first portion of the body is in proximity o onc or more

15 conductive coils disposed within or along the applicator. A current may be passed
through a coil to 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
clectrical conduction through the target nerve or stimulation of a nerve, nwscle, or bady
tissue may be detected by a sensor positioned along a second portion of the body., A

20 signal from the sensor indicative of the electrical conduction or stinnilation may be

received, which provides feedback about the efficacy of the applied electromagnetic

mduction therapy. The current may be adjusted by a controlier in communication with
the conductive cotls based on the feedback.

16619 Optionally, a user may detect stimulation of a nerve, muscle or body

[N
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tissue and the therapy may be adjusted based on feedback from the user. In cerfain
variations, pulsed magnetic ficlds may be intermitiently applied or delivered a target
nerve, muscle or tissue without causing habituation of the target nerve, muscle or fissue,
Such intermittent magnetic fields may be used to treat chronic conditions, ¢.g., chronic
pain, without causing habituation.

30 [6824] In certain variations, applicators may be ergonomic or may be designed or
configured to accoramodate, approximate or be positioned relative o or in proxirity 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 specitic regions of the body or anatomy to treat various conditions, for
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example, osteoarthritis, arthritis, back or neck pain, atrophy or paralysis, chronic pain,
phantom or neuropathic pain, neuralgia, migraines, ovthopedic conditions.
186231 Other features and advantages will appear hereinafter, The features and

clements described herein can be used separately or together, or in varicus combinations

(¥4

of one or more of them.

BRIEF DESCRIPTION OF THE DRAWINGS
8822} The drawings constitute a part of this specification and inchude exemplary
emnbodiments of the invention, which may be embodied in various forms. It is to be
16 understood that fn some fnstances various aspects of the embodiments may be shown
exaggerated or enlarged to facilitate an understanding of the embodiments,
[B8623] FIG. 1 15 a schematic view of an apparatus for magnetic indaction therapy
according to a first variation.
180624} FIG. 2 is 3 schematic view of an apparatus for magnetic induction therapy
15 according to a second variation.
18625] FIG. 3 is a schematic view of an apparatus for magnetic induction therapy
according to a third variation.
18826} FIG. 4 is a schematic view of an apparatus for magnetic induction therapy
according to a fourth variation.
20 o827 FIG. 5 1 a schematic view of an apparatus for magnetic indaction therapy
according to a fifth variation.
{8028 FIGS, 6A-6D are schematic iHustrations depicting a first method of use of
an apparatus for magnetic induction therapy. This method is based on adjusting the

position of the conductive coils so 1o optimize a magnetic flow applied to a target nerve.

[N
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29 FIGS. 7A-7D are schematic illustrations of a second method of use of an
apparatus for magnetic induction therapy. This method is based on locking the
conductive coils in position once electrical conduction in a target nerve has been
detected.

{8838} FIG. B is a schematic view of a vartation that mcludes a plurality of

30 sensors.

16631 FIGH. 9A-9D are scheratic representations of ditferent garments adapted
to operate as apparatus for magnetic mduction therapy.

843321 FI(. 10 1s a schematic view of an apparatus for providing electrical

stimulation.
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[8833] FIG. 11 is a schematic view of another vartation of an apparatus for
providing electrical stimulation.
16634 FIG. 12 shows a schoematic view of an energy emifting systern inchuding a

microneedie patch sensor.

jBH35] FIG. 13-15 shows magnified botiom views of variations of microneedle
patches,

[B8G36] FIGR. 16-17 shows magnified side views of variations of a microneedle
patch.

18637} FIG. 18 shows a magnified bottom perspective view of a microncedie
patch,

(3038} Fi(3. 19 shows a representative cross sectional view of the skin composed

of an outer stratum corneum covering the epidermal and dermoal lavers of skin and the
underlying subcutaneous tissue, with a variation of a microneedle patch attached thereto.
(8639 FIG. 20a shows a magnified side view of a variation of a microncedle
patch including multiple electrodes.

188461 FIG. 206-20D show vartations of a microneedle patches inchuding
multiple electrodes.

18841 FIG. 21 shows a schematic view of an energy emitting system including a
microneedle patch sensor placed behind a subject’s knee.

8042} FIGS. 22-23 show schomatic views of energy emitting systems including
an clectrode needle and sensor.

6843} FIGS, 24-25 show schematic views of energy emitting systems including
an electrode needle without a sensot.

16044 FIG. 26 shows a schematic view of an energy emifting systern inchuding a
microneedie patch for providing stimulation.

B345] FI(GS. 27-28 show schematic views of energy emitting systems including
an electrode needle and microncedle patch for providing stinnilation.

[3046] FIG. 29a-29d show a prospective, side, top and rear views of an cnergy
emitting device in the form of a foot cradie.

18647} FIGRS 303-30b show schematic views of an energy emitting device in the
form of a knee support,

180348] FiGs. 31a-31b shows a schematic view of a variation of an arm applicator
and a foot, knee or leg applicator.

[8348] FIG. 32 shows a schematic view of a vanation of a back apphcator,

~-}
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{8858 FIG. 33 shows a schematic view of a variation of a system including a
back applicator, a sensor and logic controller.

5 5
18651 FIG. 34 shows a schematic view of system including multiple back

applicators, a sensor and logic controller.

5 082 FIG. 35 shows a schematic view of a variation of a systemn inchuding a
back applicator held on a patient’s body by an ergonomic positioning elerent in the
form of a belt and a logic controllier.

{88583 FIG. 36 shows a schematic view of a variation of an applicator designed
to stimulate a nerve respounstble for phantom or neuropathic pain.

10 [6654] Fi(z. 37 shows a schematic view of a variation of a facial nouralgia
applicator.
LB FIG. 38 shows a schematic view of a variation of an applicator which roay

be placed over the accipital nerve for the treatment of mugraines,
18056] FIG. 39 shows a schematic view of a variation of an applicator which may
15 be placed over the frontal cortex for the treatment of depression,
1B6587] FIG. 40 shows a schematic view of a variation an applicator in the form of
a stimulator coil platform for positioning one or more coils in proximity o a knee or
papliteal nerve,
58] Fi(5. 41 shows a schematic view of a system inchuding a variation of a
20 back applicator held on a paticnt’s body by an ergonomic positioning element in the
form of a shoulder harness, a sensor, and a logic controlier.
[B859] Figures 42 A and 428 show an example of how the amount of stimulator

power required to achieve a desired stimulus may be automatically adjusted as a result of

fibroses.

25 [8Ge0 Figures 43A and 438 show variations of a coil device positioned on a
skl
861} Figure 44 shows a view of the anderside or glabrous surface of the foot

and cxemplary sites for delivering electrical stimulation.

[8862] Figure 45 shows a perspective view of one variation of an insole for
36 delivering electrical stimulation over a glabrous surface of the foot.

16063] Figure 46 shows a perspective view of a varation of an insole for

delivering electrical stimulation over a glabrous surtace of the foot, including a sensor

feedback feature.

4]
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18664} Figure 47 shows a perspective view of one variation of clectrodes for
delivering electrical stimulation over a glabrous surface ot a foot.

1B6065] Figure 48 shows a perspective view of one variation of a hand applicator
for delivering electrical stinmulation over a glabrous surface of a hand.

[8366] Figure 49 shows a perspective view of one variation of electrodes for
dehivering electrical stimulation over a glabrous surface of a hand.

180671 Figure 50 shows an example of an EMG reading.

DETAILED DESCRIPTION
16068] In 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 modulation or stimulation therapies, including both excitation and
blacking of nerve impulses. In certain variations, a low frequency induction therapy may
be performed. In certain variations, these apparatus and methods may be useful in the
treatment and prevention of urinary incontinence (Ul), overactive bladder (OAB) and
other conditions.
18369 In certain variations, apparatus and methods for magnetic induction
therapy, in which dosage of magnetic energy can be regulated according to conduction in
a target nerve exposed to the maguetic ficld are provided.
18878} In certain variations, apparatus and methods for magnetic induction
therapy, in which the flow of magnetic energy can be adjusted directionally by the
patient ot a healtheare provider without altering the position of a housing containung
conductive coils that produce the magnetic field are provided.
18871 In certain variations, apparatus and methods for treating a varicty of
ailments by providing encrgy to a target nerve, for example magnetic energy, electrical
energy or ultrasound energy, at a location and 1n an amount optimized by detecting
conduction in the target nerve are provided.
{8872} In certain variations, an energy emitting apparatus for delivering a
medical therapy that includes oue or more energy generatoss, a logic controller
electrically connected fo the one or more energy generators, and one or more sensors for
detecting clectric conduction in a target nerve, which are connected to the logic
controller is provided. The one or more energy generators produce encrgy focused on the

target nerve upon receiving a signal from the logic controller, and the applied energy 1s
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varied by the logic controller according to an input provided by the one or more sensors
based on electric conduction i the target nerve. The feedback provided by the sensors to
the togic controller about the efficacy of the applied treatment causes the logic controller
to modulate the current transmitted to the coils.

84731 The applied energy may be a magnetic field, an electrical field, an
ulirasound, a visible light, or an infraved or an ultraviolet energy. When a magaetic ficld
is applied, the encrgy-emitting device is an apparatus that provides a magnetic induction
therapy and that includes one or more conductive coils disposed in an ergonomic
housing. A logie controller is electrically connected to the one or more coils, and one or
more sensors detect electric conduction in the target nerve and are connected to the logie
controller so to provide a foeedback to the logic controller. The conductive cotls receive
an electric current from the logic controller and produce a magnetic field focused on g
target nerve, and the electric current fed by the logic controlier is varied by the logic
controller according to an input provided by the sensors, thereby causing amplitude,
frequency or direction of the magnetic field, or the firing sequence of the one or more
cotls, to be varied according to the efficiency of the treatment provided to the target
nerve, In certain variations, the housing containing the conductive cotls may be a flexible
wrap, a cradle or a garmentd, and the coils may be overlapping and/or be disposed in
different positions within the housing, 50 to gencrate a magnetic field on different body
parts with the desived direction and amplitude.

18874} The one or more coils may be stationary or movable within the housing,
malking it possible to optimize the direction of magnetic flow fo the target nerve by
disposing the coils in the most effective divection. In different variations, the coils may
be movable manually by acting on a kuob, 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 posttion for the coils has been established, the coils may be
tocked 1n position and maintain that position during suceessive therapy sessions. In other
variations, the sensors may be meorporated within the housing, or instead may be
disposed on a body part of interest independently of the housing.

18675} In still other variations, the inductive coils are disposed 1o a housing that
is situated externally to a paticnt's body, and additional mductive coils are iplanted into
the body of the patient and are magnetically coupled fo the external inductive coils, With
this coil arrangement, energy may be transmitted from the external cotls to the internal
coils either to recharge or to activate an implantable device, Tn yet other variations, the

10 Petitioner - Avation Medical, Inc.
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clectric current may varied by the logic controlier both on the basis of an input provided
by the one or more sensors and also an nput provided by the patient according to a
muscular response she has perceived, for example, the twitching of a toc after application

of the magnetic field.
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8476} In yet other variations, the source of energy for nerve stinutlation may be
clectrical energy and nerve conduction may be detected at a site sufficiently distant from
the site of stirmilation, so to enable detection of nerve conduction despite any
imterference from the direct electrical stimuli. In these variations, direct electrical
stimulation of nerve and muscle may be tatlored to provide optimal therapy and, in the
10 case of electrode migration or other electrode malfunction, to report lack of stinusdation
of the bodily tissues. Furthermore, these variations cnable a reduction in power
requirement, because control of the signal is provided by the sensor to the signal
generator loop,
188771 In other variations, an energy emitting system for providing a medical
15 therapy is provided. The system may inchide one or more conductive coils disposed
within or along a housing and configured to gencerate a magnetic field focused on a target
NETVe I proXimity to coils; one or more sensors in the form of nucroneedle paich
configured to detect clectrical conduction in the target nerve; and a contralier coupled to
the conductive coils and optionally in communication with the sensor,
20 [0878] In other variations, an coergy emithing system for providing a medical
therapy is provided. The system may inchide one or more microneedle patches having
one or more microneedic arrays deposited on a surface of one or more clectrodes and
contigured to generate or deliver an electrical or magnetic stimulus or field focused on a

target nerve in proximity to the microncedle patch; one or more sensors contigured to

[N
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detect electrical conduction in the target nerve; and a controller coupled to the
conductive coils and optionally in communication with the sensor. Optionally, the above
variations may incorporate an electrode needle. Optionally, the above vanations or
systems may be utilized without a sensor or mechanisro for detecting conduction or
stimulation.

30 [6879] Methods of use of the above apparatus, systems and variations thercot for
treating various conditions are also described herein,

{088 Referring 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. Because tibial nerve 24 s targeted, this variation s particularly suited for the
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treatment of OAR and VI In other variations, cotl 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, still moaking these variations suttable for
treating OAB and VL In still other variations, coil wrap 20 may be configured for
surrounding body parts that contain other nerves when treatments of other atlments are
miended.
{8081 Coil wrap 20 may be manufactured from a variety of materials suitable
for wearing over ankle 22, Preferably, cotl wrap 1s produced from a soft, body-
compatible material, natural or synthetic, for example, cotton, wool, polyester, rayon,
Gore-Tex®, or other tibers or materials known fo a person skilled in the art as non-
irritating and preferably breathable when failored into a garment. Coil wrap 22 may even
be manufactured from a molded or cast synthetic material, such as a urethane gel, to add
extra comfort fo the pationt by providing a soft and drapable feel. Additionally, coil wrap
20 may be produced from a single layer of material or from multiple material lavers and
may include padding or other filling between the layers.
18682 Coil wrap 20 contains one or more conductive coils 26 arranged to
praoduce a pulsed magnetic field that will flow across tibial nerve 24 and generate a
current that will flow along tibial nerve 24 and spread along the length of tibial nerve 24
all the way to its sacral or pudendal nerve root origins. Coils 26 may be a single coil
shaped in a simple helical pattern or as a figure cight cotl, a four leaf clover coil, a
Helmboliz coil, a modified Helinholiz coil, or may be shaped as a combination of the
aforementioned coils patterns. Additionally, other coil designs beyond those mentioned
hereimabove might be utilized as long as a magnetic field is developed that will
encompass tibial nerve 24 or any other target nerve, When a plurality of coils 1s utihized,
uch coils may be disposed on a single side of ankle 22, or may be disposed on more
than one side, for example, on opposing sides, strengthening and directionalizing the
flow of the magnetic field through tibial nerve 24 or other peripheral nerves of nterest.
BG83 Coil wrap 20 is preferably configured as an ergonomic wrap, for example,
as an essentially cylindrical band that can be pulled over ankle 22, or as an open band
that can be wrapped around ankle 22 and have its ends connected with a buckle, a hoop
and loop system, or any other closing system known {0 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 ficld through tibial nerve 24, based on
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system feedback or on sensory perceptions of the patient, as described in greater detail
below.
16684] The electric current that produces the magnetic field by flowing through

cotls 26 is supplied by a programmable logic controller 28, which is connected to coils
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26, for example, with a power cord 32. A sensor 30 that feeds information to logic
controller 28 is also provided, in order to tatlor the strength of the magnetic field and
control activation of coils 26 based on nerve conduction. The purpose of sensor 30 is o
detect and record the firing of the target nerve and to provide refated information to logic
controller 2§, so to render the intended therapy most effective. For example, sensor input
16 may cause logic controller 28 to alter the strongth or pulse amplitude of the maguetic
ficld based on sensor tnput, or fire the coils in a cerfain sequonce.
[EHESRY I thes vanation, as well as i the other variations described heremnafier,
sensor 30 may nclude one or more sensor patches and may be placed at different
distances from the region of direct exposure to the magnetic ficld. For example, sensor
15 30 may be configured as a voltage or current detector in the form of an EKG patch and
may be placed anywhere 1 the vicinity of the target nerve o detect its activation. For
case of description, the terra "coils” will be used hercinafter to indicate "one or more
coils” and "sensor” to indicate "one or more sensors,” unless specified otherwise,
jB86] By virtue of the above described arrangement, coil wrap 2{ provides a
20 reproducibly correct level of stimnlation during an initial therapy session and during
successive therapy sessions, because the presence or absence of nerve conduction i
detected and, i some variations, measured when coil wrap 20 is first fitted and fine-
tuned on the patient. Tn addition to properly modulating the applied magnetic field, the

positioning of coils 26 over ankle 22 may also be tailored according to the input provided
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by sensor 30, so to fine-tune the divection of the magnetic ficld. Such an adjustment of
the direction, amplitude, and level of the stinudation provided to the target nerve through
the above desceribed automated feedback loop, to cosure that peripheral nerve conduction
is being achieved, 15 one of the key features.

{8887} If the magnetic pulse does not substantially interfere with sensor 34,

30 sensor 30 may be placed divectly within the field 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 properly detect neural stimulation.
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{8088} In a method of use of coil wrap 20, the amplitude and/or firing sequence
of coils 26 may be ramped up progressively, so that the magnetic field is increased in
strength and/or breadth until nerve conduction is detected, after which the applied
stimufus is adjusted or maintained at its current level for the remainder of the therapy.
The level of stimulation may be also controlted 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 perceives an excessive stinulation, in particular, an excessive
level of muscular stimulation. In one instance, the patient may be asked 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 continue pressing the button or keep the knob
in the rotated position uniil she can no longer feel her toe twitching or paresthesia in her
foot, indicating that that level of applied stimulation corresponds to an optimal therapy
tevel. From that point on, the patient may be nstructed to simply retain her foot, kneg, or
other fimb within coil wrap 20 until therapy has been fermunated while the system is kept
at the optimal level. Adding patient input enables control of cotl wrap 20 during
outpationt treatments, because the patient 1s now able to adjost the intensity of the
magnetic ficld herself beyond the signals provided to logic controller 28 by sensor 30,
B389 Dietecting and, if the case, measuring conduction in One OF MO BEIVES
along the conduction pathiways of the stimulated nerve confirms that the target nerve has
been stimulated, providing an accurate assessment of the efficiency of the apphied
therapy on the patient, A concomitant detection of nuscle confraction may also confirm
that the target nerve is being stimulated and provide an indication to the patient or to a
healtheare provider as to whether stimmlation has been applied at an excessive level in
view of the anatomical and physiological characteristics of the patient,

18000 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
outpaticnt basis, in 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
simultaneously or differentially to generaie the desired magnetic field. The direction and
location of each of coils 26 may be reversibly or irreversibly adjusted by the healtheare
provider or by the pationt, customizing the location of the applied stinwlation to the
anatomy and therapy necds of each patient. After a healthcare provider has optimized
position and firing sequence for each of coils 26, the patient may be sent home with cotl
wrap 20 adjusted to consistently target the desired nerve. Tn one variant of the present

4 Petitioner - Avation Medical, Inc.
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vartation, an automatic feedback system adjusts one or more of {iring sequence, {iring
strength or position of coils 26 within cotl wrap 20 dunng the initial setup and also
during successive therapy sessions.

LB In summary, certain variations include the creation of a loop consisting of

(¥4

feeding information on nerve conduction to logic controller 28 and on logic conirolier 28
tailoring the electrical current sent to coil wrap 20 according to the information received
from sensor 26 based on whether or not the nerve is receiving the desired stimulation
and, in some variations, the desired amount of stimulation. This arrangement offers an
unparalieled level of therapy control aud flexibility within a home care setting, because a
10 comsistent, repeatable stimulation of the target nerve can be attained. Aside from
adjusting the position of cotls 26 in accordance with the patient's anatomy and
physiological variations, conirolling pulse amplitude s also of great importance even
during different therapy sessions with the same patient. For exaraple, a patient with leg
edema will encounter ditficulties in properly adjusting coil wrap 20 based on whether her
15 legs and ankles are swollen or not swollen, and the power required to penetrate o
posterior tibial nerve 24 (in the case of a VI therapy ) will vary greatly due to the variable
depth of the nerve. Thus, having feedback provided by sensor 26 becomes a necessity for
achicving an accurate dosage of the treatment rather than an option. Benchiop testing has
demonstrated that a system constructed as described herein is capable of non-invasively
20 generating electrical currents stivular to those found in therapeutic electro-stimuulation and
to do so in different setiings.
8692} Reterring now to FI(3. 2, a second variation will be described 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

[N
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disposed within coil wrap 34 to create a more narrowly directed magnetic field over
tibial nerve 38. Like in the all other variations described herein, more than one coil (in
the present variation, more than one Helmboltz coil 40) may be placed within coil wrap
34 and be disposed 1o different positions within cotl wrap 34, in order to optimize
magnetic fhix over tibial nerve. For example, two Helmboltz coils may be disposed one
30 opposite {o the other within coil wrap 34,

16083} Having cotl windings arranged along a coramon longitudinal 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 previcus
variation, the operation of cotls 40 18 controlled by a logic controller 42, which is in furn
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connected to sensor 44 that monitors conduction in tibial nerve 44 and that gencrates a
feedback to logic controller 42 about the etficiency of the therapy in progress. Theretore,
hike in the previous variation, the coupling of sensor 44 with logic controller 42
optimizes operation of coil wrap 34 according to results measured at the level of tibial
nerve 38, Also like in the previcus variation, manual adjustments o the parameters of
electric current provided by logic controlier 42 1o Helmholtz coil 40 may also be made
manually by the patient or by a healthcare provider, and coil wrap 34 may be structured
so that the position of Helmholtz coil 40 within coil wrap 34 is adjusted as desired cither
manually by the patient or by a healthcare provider, or automatically by logic controller
42,

{88044 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 tibial nerve (not shown). The configuration and structure of cotl
wrap 46 reflect the body portion covered by coil wrap 46, but the key system
components of coil wrap 46, such as the type, nomber and disposition of the coils {for
example, the use of overlapping coils); the connections of the coils with a logic
controller; 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.

95 Referring now fo FIG. 4, a fourth variation includes a footrest or foot
cradie 48, which is structured to contain at least a portion of a foot 50. One or more coils
52 are enclosed within cradle 48, and a sensor 34 15 disposed along the pathway of tibial
nerve 55, sensing conduction in tibial nerve 55, and is also connected to a logic
controller 56. Coils 52, sensor 34 and logic controller 56 may be arranged in different
configurations, fn the same manner as in the preceding variations.

(3096} Cradle 48 may be made from a variety of materials and may be
moenolithic, or have a hollow or semi-heliow siructure to enable the movement of ¢oils
52 within cradie 48, as described in greater detail below. Preferably, cradle 48 has an
ergonomically design allowing the ankle and heel of the patient to be retained within
cradle 48, in a position that matches the positions of stimulating coils 52 to the area of
stimulation. The design of cradie 48 provides for a particularly comfortable delivery of
therapy to patients that prefer to remamn seated during their therapy, and enables the
patient to pertorm the required therapy within a health care facility, or to take cradle 48

home, typically after an initial session and appropriate training in a health care facility. In

Petitioner - Avation Medical, Inc.
Ex. 1044, p. 16



(¥4

10

20

[N
(¥4

Attorney Docket No.: EMKNZG0760US

that event, the patient will be trained to apply sensor 54 autonomously and to adjust
stimulation to a comfortable level

1B6w7] FIG. 4 shows coils 52 disposed as overlapping and the use of a single
sensor patch 54 positioned proximally to the stinmlation site. However, coil 52 may be
configured as a single coil, a figure eight coil, a four leaf clover coil, a Helmholtz coil, a
maodified Helmholtz coil or a any combination of the aforomentioned coils, ot as any
other coil design providing an effective stimulation to the target nerve. In addition, coils
52 may be fired individually, sequentially or stmultaneously according to the feedback
provided by sensor 54,

83981 In one variant of this variation, sensor 54 may include a conductive
electrode patch that provides a feedback to logic controlier 56 for adjusting, if necessary,
the stimulation parameters of coils 52, Alternatively, sensor 54 may be a sensor patch
that is either applied to the skin of the patient or s incorporated within the structure of
cradle 48,

(6899 Reterring now to FIG. 3, a {ifth variation includes a knee rest or knee
cradle S8 that contains one or more conductive coils 60, one or more sensors 62 and a
logic controller 64, The components of this variation are sinular to those described with
reference to the preceding variations, as regards the structure and materials of cradle 3§,
the nature and disposition of coils 60, the type and operation of sensor 62, and the
function and operation of logic controller 64. Cradle 58 1s configured to target the
popliteal fossa of the patient, thus to target tibial nerve 66. In that respect, the present
variation is simular to the variation llustrated in FIG. 3, but while the variation of FI(G. 3
is configured as a wrap that may be worn while the patient is standing, the present
variation 15 configured as a cradle that is more suited for treatment while the patient s
sitting or laying down.

j166] A method of use of the foot eradle depicted in FIG. 4 is described with
reference to FIGS. 6A-6D. During a fivst step illustrated in FIG. 6A, foot 68 is disposed
in cradle 70 that contans one or more conductive coils 72, which are comnected to a
logic controller (not shown) that manages the flow of electric power to cotls 72,

8161 During a sccond step lustrated m FIG. 68, a sensor 74 15 disposed on foot 68
or on ankle 76 or on another appropriate portion of the patient's body, in order to detoct
conductivity in tibial nerve 78 or in another target nerve.

8162} During a third step llustrated in FIG. 6C, a healthcare provider analyzes

conductivity measurements provided by sensor 74 {for example, by reading gauge 77)

fi—y
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and first adjusts the positioning of coils 72 until conduction in nerve 78 is detected. For
example, the healthcare provider may rotate a knob 80, slide a lever or actaate any other
displacement system for coils 72 that is known o the art, so that coils 72 are translated

until 3 magnetic field of the proper amplitude and intensity is applied to cause

(¥4

72 is then fine-tuned manually until an

conduction in nerve 78. The position of coils
optimal level of conduction i nerve 78 is attained, and the therapy 1 continued fora
fength of time as prescribed by the attending healthcare provider.
{8193} Druring a fourth, optional step llustrated in FIG. 6D, settings for successive
therapy sessions are set, for example by locking knob 80 (in one variation, with a pin 81)
10 so that the healthcare provider or the pationt repeat the therapy using the predetermined
settings. Alternatively, the patient may be trained to adjust the amplitude and/or strength
of the apphied magnoetic ficld, as each therapy session requires.
[3104] While the present method has been described with regard to foot cradle 70,
the same method steps may be envisioned for coil wraps or cradles of different
15 configurations, for example, for the cotl wraps and cradles described with reference o
the previous figures.
18195] In an alternative variation, the logic controller (not shown) may automatically
adjust coil positioning to optimize therapy during the initial and successive sessions.
While this set-up may be more difficult to implement, it also provides for an accurate
20 targeting of the target nerve during cach therapy session, regardless of alicrations in
patient positioning or changes to the anatomy of the patient (for example, when a foot is
swollen}. In this variation, the device simply varies the orientation of coils 84 until
stimulation has been sensed.

18106} Further, coils 84 may be transiated along a single direction (for cxample,

[N
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horizontally} or along a plurality of directions, to provide for the most accurate
positioning of coils 84 with respect to the target nerve,

[B187] A sccond method of use of the foot cradle depicted n FIG. 4 18 deseribed now
with reference o FIG. 7. While this second method is also described with reference to a
foot cradle 82 employing one or more coils 84 that have a reversibly lockable, adjustable
36 orientation, the present method may be equally implemented with a body-worm coil

wrap, such as those described with reference to the previous figures, or to other
varigtions. In this method, the patient or the healthcare provider adjusts the positioning of

coils 84 to detect conductivity in target nerve &9,
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(81038} The position of coils 84 may be translated in different directions {in the
iltustrated variation, roay be translated horizontally) and may be locked in an initial
posifion once conduction in nerve 89 1s detected by a sensor (for example, sensing patch
86},

H169] More particularly, FIG. 7A illustrates the initial positioning of foot 88 mto
cradle 82 and of sensor patch 86 on anklc 90 or other appropriate body part of the
patient, After proper positioning of foot 88 is attained, a knob 97 {or other equivalent
device) may be emploved to adjust the position of coils 84, based on the signals (for
example, nerve conduction signals) provided by sensor patch 86, as shown in FIG. 78,
161144 With reference to FIG. 7C, after neural conduction is detected, coils 84 are
locked in place, and, with further reference to FIG. 7D, foot cradle 82 retaing cotls 84
tocked 10 position for further use in a home or healthcare office environment. Theretore,
mn the present method, the patient or a healtheare provider siraply adjusts coil position by
sliding coils 84 back and along one axis untif electric conduction in the target nerve is
detected, although adjustments along all three axes may be possible in different variants
of the present variation.

(LERRS! Referring now to FIG. &, a sixth variation relates to the use of multiple
sensors. While FIG, § depicts a variation shaped as a foot cradle 98, it shouid be
understood that the following description also relates to any other design, whether
shaped as a cradle or a wrap or otherwise. The phirality of sensors 94 described herein
may detect a variety of physiologic changes, mecluding neural impulses, muscular
confraction, twitching, etc. that may occur with neural or muscular stinmulation.

181121 Ome or more of the illustrated sensors 94 may be emploved over body regions
being stimulated (for example, back, leg, arm, neck, head, torso, eic.} and may be either
incorparated within an actual cradle or wrap or, otherwise, be applied separately from the
cradie or the wrap.

16113} Sensors 94 may be structured as disposable, single-use, EKG-type patches
that are attached to the body outside of cradle 98 along the nerve conduction pathway
and are then connected to the logic controller (not shown) before beginning therapy. This
arrangement provides for an intimate body contact of sensors 94 without the risk of

mmfection or other detrimental side offects that may be present with franscutancous

Gt

evices. Sensors 94 may be employed both for beginning and for monitoring the
stinmlation therapy; more specifically, sensors 94 may be employed during the
beginning of the therapy to optimize the strength of the magnetic field and/or to adjust

19 .. . .
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the positioning of cotls 96 within the cradie 98, Once therapy has begun, sensors 94
continue to monifor nerve conduction to cusure that the correct level of stinmlation is
heing provided. In the event that for some reason nerve conduction decays during
therapy, the logic controller can automatically adjust the magnetic ficld, ensuring that the
appropriate therapy is delivered for the appropriate amount of time.

(8114 One or more of sensors 94 in this variation, or any of the variations described
herein, may take the form of an inductive coil designed to receive tmpulses from the
sndertying nerves, so that inductive technologies may be used to both stimulate the nerve
or {issues as well as to record the effect of the stimulation on nerves or tissues. Any of
sensors 94 may be connected to the logic controller through one or more connection
modes, inchiding, but not limited to, wireless signals, wired signals, radio frequencies,
Bluectooth, infrared, ultrasound, direct switching of the current civcuit, ete., so long as
communication botween the sensor and the device is cffective.

[8115] Pruring implementation of the present method, a healthcare provider may
simply elect to use sensors 94 to adjust the device, for example, to lock cotls 96 into
posifion, during the first therapy session and not require the use of sensors 94 during
cach successive therapy session.

18116] Referring now to FIGS. 9A-9D, there are shown different, non-limiting
variations shaped as body worn ergonomic applicator garments. Each of these variations
is shown with overlapping coils, although coils of any configurations may be used. Each
of the wraps of FIGR, 9A-9D corresponds to a cotl wrap, into which a body part may be
placed. These garments contain one or more sensors (not shown} that provide feedback
to a logic controller (also not shown), or sensors may be applied separately from those
garments. Systems may also be included for reversibly or tveversibly locking the cotls
within the gpplicator.

iBH117] More particularly, FIG. 9A illustrates a variation, in which coils 100 are
embedded in a knee wrap 102 and are connected to a logic controller (not shown) by a
connector 104, FIG, 9B instead ithustrates a variation, in which cotls 106 are disposed
within an abdominal garment, for example shorts 108 and in which coils 106 are also
connected o a logic controller (not shown) by a connector 110, A marking 112 may be
added on one side of shorts 108 to 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 employed, band 114 may be wrapped

around a body portion (for example, an arm) and be retained in place by a system known
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in the art, for example, a hook and loop system, a strap and buckle system, or simply a
hook disposed at one end of band 114 for engaging fabric or other material in another
portion of band 114, FIG. 90 illustrates a variation shaped as a shoulder strap 120, the

fength of which may be adjusted by a buckle 122 and which has coils 124 disposed in
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sne of more points, for example, at the joint between an arm and a shoulder as shown,
Each of these variations includes one or ore sensors (not shown) that may be coupled to
the garment, or that may be applied separately from the garment.
(81138} {rther variations that are not ifhustrated include, bur are not limited to: a head
worn garment, such as a cap; a neck worn garment, such as a neck brace; and a lower-
10 back garment. Each garment and applicator may also utilize the locking, targeting cotl
feature described previously, without requiring the use of the any sensing components
after a proper positioning of the coils in relation to the target nerve or nerves has been
established.
(8119} Still other variations are depicted in FIGS, 10 and 11, In these variations, the
15 source of energy for nerve stimulation is electrical energy that is dispensed through a
percutaneous stimulator, such as a percutancous needle 124, or a transcutancous
stimulator, such as an electrode 126, As shown in FIG. 10, an clectrical pulse controlle
128 is electrically connected both to percutancous needie 124 and to sensor 134, ©
provide the desired feedback and modulate the power to percutancous needle 134, In the
20 wvariation of FIG. 1, electrical pulse controller 130 is connected both to electrode 126
and o sensor 136, and performs a function similar to that of clectrical pulse controller
128, With these variations, nerve conduction may be detected af a site sufficiently distant
from the site of stimulation, so to enable detection of nerve conduction despite the

confounding interfercnce from the direct electrical stiraull, Further, divect electrical
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stimufation of nerve and muscle may be tailored to provide optimal therapy and, in the
case of electrode migration or other electrode malfunction, to report lack of stimulation
of the bodily fissucs. Sull further, these variations enable a reduction in power
requirenent, because control of the signal is provided by the sensor fo the signal
generator loop.

30 [6124] As shown, a device constructed according to the principles described herein
provides a fargeted and precise stimulation of the postertor tibial nerve, or of other
peripheral nerves, in a non-invasive manner by employing an ergonomic wrap or cradie
that specifically targets the postertor tibial nerve in a consistent and repeatable manner,

For example, in patients with OAB or VI, the novel, reversibly lockable movement of the
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cotls and the use of a logic controller ~sensor loop enables the application of a magnetic
field that can be varied in location, amplitude and strength according to the amount of
stimulation actually induced in one or more target nerves and of the response of the
patient to the therapy. An apparatus according to the variations described herein may
deliver any frequency of stimutation, including low frequencies, high frequencies, mid
frequencies and ultrahigh frequencies, and overlapping and non-overlapping coils may
be used to generate the desired field, although overlapping or Helmholtz coils are
preferred due to their ability to target a broader region and achieve more thorough
stimulation.

18131 Ailments that roay be treated through the use of apparatus and methods as
described herein include not only OAB and V1, but also obesity, depression, urinary
meontinence, focal incontinence, hypertension, pain, back pain, restless leg syndrome,
Guillain Barre syndrome, quadriplegia, paraplegia, disbetic polyneuropthy, dyskinesias,
paresthesias, dental procedure pain, knee ostecarthritis, anesthesia {pain relief during
surgery}, Alzheimer's discase, angina {chest pain from heart disease), ankylosing
spondyhitis, back pain, bum pain, cancer pain, chronic pain, dysmenorrhes (painful
menstruation), headache, hemiplegia, hemiparesis {paralysis on one side of the body),
fabor pain, local anesthesia during gallstone lithotripsy, facial pain, trigeminal neuralgia,
bruxism {tooth grinding} pain, myofascial pain, pregnancy-related naasea or vomiting,
neck and shoulder pain, pain from broken bones, rib fracture or acute trauma, diabetic
peripheral neuropathy, phantom limb pain, post-herpetic neuralgia (pain after shingles),
postoperative ileus (bowel obstruction), irritable bowel syndrome, posioperative nausea
or vomiting, postoperative pain, post-stroke rehabilitation, rheumatoid arthritis, skin
wleers, spinal cord tnjury, temporomandibular joint pain, detrusor instability, spinal
muscular atrophy {(in children), pain during hysteroscopy, gasiroparesis, chronic
shstructive pulmonary discase rehabilitation, carpal tunnel syndrome, soft tissue injury,
multiple sclerosis, jntermitient claudication, attention-deficit hyperactivity disorder
{ADHD), cognitive impairment, kuee replacement pain, achalasia, atopic eczema,
bursitis, carpal tunnel syndrome, dementia, depression, dry mouth, dystonia, enhanced
blood flow in the brain, enhanced blood perfusion of the uterus and placenta, esophageal
spasm, fibromyaigia, fracture pain, Guillain-Barre syndrome, hemophilia, herpes, hip
pain, interstitial cystitis, irritable bowel syndrome, pruritis, joint pain, labor induction,
focal ancsthesia, menstrual cramps, muscie cramps, muscle spasticity, muscle strain or

pain, musculoskeletal travma, myotfaseial pain dysfunction syndrome, nerve damage,
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ostecarthritis, pain medication adjunct, pancreatitis, Ravnaud's phenomenon, repetitive
strain injuries, sacral pain, schizophrenia, shingles, shoulder subhuxation, sickie cell
ancnua pain, Skin flap ischemia (during plastic surgery}, sphincter of Oddi disorders,
sports injuries, thrombophicbitis, tinnitus (ringing in the car), restless legs, tremor,
whiplash and neuralgias. In contrast to implantable nerve stimulators, this therapy is
completely non-invasive and does not require a major surgery to implant a permanent
nerve stimulation device. Moreover, this therapy can be controlied to optimize the level
of therapy delivered according to power consumption and nerve stimulation
requiremnents and need not be delivered by a professional healtheare provider.

181323 In other variations, neural stinwlation may be applied as electrical
transcutaneous stimulation, for example, by inserting an invasive electrical needle info a
target body part and by modulating stinnilation is modulated on the basis of information
sent back to the logic controller from the ome or more sensors that are used to detect
and/or maintain the correct level of stimulation. The franscutaneous electrical stimulation
sensor may be placed in the body independently or be incorporated within the wrap and
may provide, among other things, feedback as to the quality of the electrical connection
to the skin, which is directly related to the burn risk mherently associated with this type
of therapy. In fact, these methods of stimulation may not be optimal due to the resulting
skin irritation and risk of poiential burns, a very serious issue in the large percentage of
patients that bave neuropathies. Even when patches are applied to monitor
transcutancous stinmilation very closely, the patches may still become displaced and
allow a burn to occur. Morcover, potentially interfering electrical impulses may develop
at the treatiment site, creating a noisy environment for the detection of nerve conduction.
18133] o st other variations, an external coil or coils may be inductively connected
to an implanted coil or coils 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 extornal and implanted coils. One or more sensors may be
utilized to provide a foedback that the relative cotl positions have been optinuzed, and
the external cotl may then be reversibly locked into position within the ergonomic
applicator. Two applications of this variation relate to the transfer of power to recharge
an implantable device, and to the transfer of power to activaie an implantable device,
181244 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 coils. The external coils may inchude circuitry that

)
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determines the amount of resistance encountered by the magnetic ficld or other electrical
propetties related to the quality and degree of the magnetic coupling that is being
established. Based on this feedback, the position of the exiernal cotls may be adjusted
manually or automatically to optimize the coupling achicved with during each recharging
session. Aliernatively, a sensor may be incorporated into the implantable device and may
communicate the degree and quality of the magnetic coupling to the external coils and/or
the connected circuiiry via wireless communication, providing a feedback for the
automatic or manual adjustment of the external recharging coils.

18125] The cotls within the ergonomic applicator may be reversibly locked into place
for the duration of the recharge session, and the implantable device may also
communicate to the external recharging unit that the implantable device has been fuily
recharged, terminating the recharging session has been completed. By providing for an
micrmitient recharging of an implanted device, an apparatus according as described
herein enables the implantable device to devote more power to performing s intended
fanction optimally and with a lesser concern about protecting or extending battery life.
18126] Tn the second application, the powering coils may contain circuttry o
determine the amount of resistance encountered by the applied magnetic field, or other
clectrical propertics that may reflect the guality 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 cach therapy scssion. Alternatively, a sensor may be incorporated info the
mmplantable device and commmnicate the degree and quality of the magnetic coupling
externally via wireless communication, which may in turn provide feedback for the
automatic or manual adjustroent of the powering coil, In one variant of the present
variation, the inductive coils may be magnetically coupled to a needlie targeting the
posterior tibial nerve.

18127} An exerplary method of use of an apparatus as described herein on a patient
suffering from VI and/or QAB includes the following steps:

{8128} The patient places a conductive wrap contained within a flexible material
over a region of the ankle (or alternatively over the koee) to provide the required pulsed
magnetic ficld. Alternatively, the patient roay use an ergonomic foot/leg rest or cradie

having embedded coils.
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[8129] A sensor (for example, a sensor patch) is placed on the patient's body along
the path of the nerve, ideally proximal to the stimulation site to ensure afferent nerve
stimulation, and is connected 1o a logic controlier.

181384 A physician or healthcare provider adjusts the cotls in the wrap or cradle
wntil nerve conduction is achieved based on patient and sensor feedback, An optimal
position is sought, and the coils may be reversibly locked into position within the
conductive wrap or ergonomic cradie and remain i this position during subsequent use.
{8131} Druring the therapy session, the logic controller provides an electric current to
the coils, generating an inductive magnetic field. In one variation, this field begins at low
araplitude and slowly ramps up until nerve conduction excecds a threshold level, as
signaled by the sensor and possibly by the patient, who may feel motor conduction.
Alternatively, one or more coils may also be activated o increase the covered area of
stimulation in the event that stinudation does not occur with the inttial coil configuration
or is inadeguate

[8132] The optimal stinmulation may be determined in a variety of manners, for
example, by measuring exposure o electromagnetic fields capable of generating a square
wave clectric signal at a frequeney of 10-30 Hz at the targeted tissue depth. The square
wave configuration of the signal may be generated via Fourier fransformation or may be
a ramped current generated in any manner.

[8133] The mduoctive magnetic pulses continue for an appropriate duration of use, for
example, for 15-30 mimutes. The sensor may remain in place during the entire therapy
session to ensure that stimulation occours consistently and to provide for appropriate
corrections if nerve conduction defertorated. 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
traditional wall outlet,

81344 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,

[8135] The conductive wrap and/or ergonomic cradle is reapplied 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.

16136} The devices and methods described herein may be applied to any body
tissues, including 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
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conditions suited for neuromodulation regardiess of whether the stimulation source is an
clectromagnetic field, a direct electric current, a RF field, infrared energy, visible light,
witraviolet light, ultrasound, or other energy dispensing device,

18137} In other variations, as shown in FIG. 12, an energy emitting system 210 for
providing a medical therapy inclodes one or more conductive coils 212 disposed within
ot along a housing 214, one or more sensors 216 configured to detect electrical
conduction in a target nerve or to detect muscle stinwilation, and a controller 218
connected or coupled to the conductive coils 212 and optionally in commumication with
the sensor 216, In certain variations (as shown in Fig. 12}, the controller 218 can be
integral with the housing 214}, The coils 212 are configured such that an electrical
current generated by the controller 218 is passed through the cotls 212 generating a
magnetic field which will stimulate a target nerve, e.g., the tibial nerve 220, a muscle or
other body part containing a portion of a target nerve, or any nerves branching off of'a
target nerve, located in proximity to the coils 212, In this particular variation, the
housing 214 i3 in the form of a foot cradle, as shown in FIG. 4, however, the housing
could also be mn the form of a flexible wrap, garment or other design suttable for use with
a subject. In various variations described herein, sensors may detect voltage or current
and may be connected, coupled, wirelessly connected or coupled or otherwise in
communication with the housing and/or controller using a variety of methods or
technigues known in the art.  The sensor may be placed over a muscle to detect muosele
stimulation resuliing from stimulating the target nerve (as shown in Fig. 12} or over any
other portion of the subject’s body suitable for detecting conduction of the target nerve.
18138} Referring to FIG 13 and 16, the sensor moay be in the form of a microneedie
patch 228, which can be removably attached to the skin surface of a subject. The
microneedie patch 228 may include a housing 231, having one or more electrodes 232
and one or more microncedies 235 deposited or arrayed on a surface of the electrode 232,
forming one or more moicroneedie arrays 234, In FIG 13, microneedle patch 228 has the
shape of a square, and the micronecdles 235 are arrayed on the botiom surface 236 ot the
clectrode 232 in a 16 X 16 configuration. However, as shown in FIGS 14-15,
microneedie patches may be designed 1n a variety of shapes, e.g., round, oval 229,
rectangular 230, hexagonal, and a variety of sizes, The microneedles may be arraved in a
variety of arrangements and patterns (e.g., 14 X 14, 12 X 12, ¢tc.} depending on the

particular use and needles.
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(8139 Additionally, microneedles may be attached, deposited, or arrayed on an
electrode surface or patch in a variety of configurations and arrangements, depending on
where the particular microneedle patch will be utilized and the treatmment o be dehivered.

The number of microneedies included in an array can vary. For example, the number of

(¥4

microneedies may range from about S to 3060 or 100 to 460 or about 200 to 300 or about
256, In cortain variations where microneedles are composed of strong, highly
conductive material, the number of microneedles necessary may be less and may range
from about 5 to0 100 or 10 to 50 or 5§ to 50. However, where microneedles are composed
of higher resistance metal, a greater number of needles may be needed, e.g., about 100 to
10 500 or about 200 to 300 or greater than 500,
181444 Referring to FIG. 18, a magnified view of a microneedle array 234 composed
of one or more microneedies 235 ig shown, Microneedles 235 may inclade a base
portion 238 and an upper portion 239, Microneedles 235 may have lengths in the range
of about 1 to 400 microns or 10 to 400 microns or preferably about 100 fo 130 microns,
15 and a diameter in the range of about 1 to 130 microns. A microneedie 235 may be
tapered in diameter, going from a larger to smaller diameter from the base portion 238 to
the upper portion 239 where the distal tip 240 of the microneedic is preferably pomnted or
sharp. The upper portion 239 of the microneedie 235 may have a diameter in the range
st about 10-30 microns or about 15 to 25 microns. Optionally, for ease of production,
20 the base portion 238 of the microneedle 235 may be thicker than the distal tip 240 or
upper portion 239 of the microneedle 235, In certain variations, as shown in FIG 17, a
bulb 237 may be provided at the distal tip 240 of a microneedle 235 to provide for

etfective anchoring of the microneedie 235 iu the skin of a patient or subject

Microneedles 335 can include any number of friction or grip increasing features. For

[N
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example, they may include projections, barbs, bulbs or a roughened surface or tip,
Microneedies 235 may take on varicus configurations, ¢.g., straight, bent, filtered,
hollow or a combination of the above.

G141} In other variations, microneedles may have lengths that range from about 480
to 1450 microns, widths from about 160 0 470 microns, thicknesses from about 30 to

36 100 microns and tip angles from about 20 to 90 degrees, and arvays can contain from 5 to
50 microncedles. For example, microncedles having these dimensions have been shown
to be less painful than hypodermic needles. Length and number of microneedles can
affect the level of pain experienced. Decreasing microneedle length and/or the number

of micronecedles may be benetficial and act to further reduce pain and provide comfort,

D
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[8142] In certain variations, the one or more microneedles may include an
clectrically conductive material such that the microneedles may transmif an clectrical
signal to an overlymg electrode or other surface, Microneedles may be constructed of an
clectrically conductive material and/or coated with an electrically conductive material.
Optionally, microneedies may be coated with an electrically conductive material and
constructed of a non-conductive material. Microneedles roay be fabricated using a
varicty of materials, ¢.z., metals, stainless steel, solid or coat of gold over Ni, Pd or Pd-
Co, Pt, silicon, stlicon dioxide, polymers, glass, biocompatible polymers, titanium, silver,
or suture materials. Biodegradable polyvmers may also be used such thatita tip ofa
microneedie were to snap ot break off during insertion, i would casily biodegrade.
18143} A microneedie array 234 may be constructed or fabricated using any variety
of mamafacturing methods known to persons of ordinary skill in the art. Microneedles
may be arraved, attached, etched or deposited onto a surface of an electrode. Inanothe
variation, microngedies may be etched from or deposited onto a silicon electrade, such
that the microneedie patch, including electrode and microneedles, are made from one
material creating a durable and stable microneedle patch.

18144 As shown in FIG I8, nucroneedles may be fabricated by creating micron
sized holes on a silicon substrate and by using a KOH solution to create the needle shape.
In other variations, the microncedles may be made of non-conductive material but may
still be utilized to provide superior anchoring properties such that a microneedle patch
may effectively adhere or attach? o a subject’s skin.

[8145] In certain variations, microncedie arrays are fabricated by patterning SU-8
onto glass substrates and defining needle shapes by lithography. The tips of the needles
can be sharpened using reactive ion etching, Optionally, holes may be drilled, e.g., by
faser, through the microneedies and base substrate. Holes may be drilled off-center, but
paraiiel to the microncedle axis, terminating in side-opening holes along the needle shatt
below the needle tip. Tt desired, the holes can serve as micro thidic needle bores for
mjection or infusion of drugs, medicines, insulin, proteius, nanoparticies that would
encapsulate a drug or demonstrate the ability to deliver a virus for vaceinations, etc. to be
used separately ot in combination with electrical or magnetic therapy. The microneedies
may also be coated with nickel by electroplating, which can increase their mechanical
strength.

146} In certain variations, microneedle patches or microneedie electrode arrays are

made by fabricating master structares from which replicates are molded and then made
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clectrically active. For example, SU-8 may be spun on a glass substrate bearing an array
mask pattern, baked, and then exposed trom the backside to from a tapered needle
structure. Microncedles may be sharpened by RIE etching. A PDMS

(polydimethylsiloxanc) or similar material mold can then be copied from the master, A

(¥4

PMMA (polyvmethylmethacryiate) microneedie array s formed by solvent-casting and

then released from the mold,

18147} To provide the arrays with electrical functionality, a T/Cu seed layer may be

deposited on the PMMA array and patterned by excimer laser to electrically isolate

adjacent rows. A Nilaver {e.g., about 15 to 30 microns or 20 to 25 microns thick) may

10 be electroplated on the patterned seed layer to enhance structural nigidity. A backside
clectrical connection to the array may be formed by backside etching of a hole and
forming an electrical connection through the hole.
[B148] In another variation, the microneedic array is arranged ina 16 X 16 array (ie.,
256 needles)y. Each needle has a height of about 400 microns and the base diameter is

15 about 100 microns, The pitch between microneedles can be about 258 microns. The
microneedle arrays are then coated with metal and laser-ctched to provide electrical
functionality. Optionally, rows of micronecdies can be electrically isolated from cach
other so that alfernating rows can provide alternating electrical polarity. The arrays are
also interfaced with a power source, Microneedles may be made of polymer, coated with

20 awmetal, and eiched to act as alternating clectrodes. In certain vaniations, the firing

sequence of the microneedles by rows or groups may be varied or configured o

alternate.

18149 In certain variations, a microneedle array may include one or more

microneedies having nultiple channels. For example, a multichannel sthicon
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microneedic may be constructed to deliver binactive compounds into neural or other
tissue while simultanecusly monttoring and stimulating neurons and nerves.

[BESH) FIG. 19 shows a cross sectional view of the skin 10 composed of an outer
stratum corneum {5 covering the epidermis 16, The skin also includes the devmis 18,
subcutancous tissue/fat 12, and these lavers cover muscle tissue 14, As shown in FIG
36 19, when a microncedle patch 228 is attached to a subject’s skin, the microneedles 235
pierce the outer insulating straturn comeum laver 15, The microneedie patch 228 can
detect current passing through a stimulated nerve, and provide a superior signal as the
current detected is conducted through the microneedles 235, thereby bypassing the

poorly conductive stratum comeur layer 1S which generally encompasses the outer 10
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to 15 microns of skin. In other variations, microncedles 235 may be fabricated to be
long enough to penetrate the stratum comeum 13, but shott enough not to puncture nerve
endings, thus reducing the risk of pain, infoction or mmjury.

18151 In certain variations, microneedies are formed such that they are in direct
contact with their corresponding or overlying electrodes. For example, a microncedie
patch may include an adhesive electrode pad and may utilize a conductive gel to help
hold the microncedles in place fo prevent shear forces from breaking or bending the
microneedles.

181521 In certain variation, as shown in FIGs. 20a-20d, a microneedle patch or
applicator may nclude multiple electrodes on a single paich or applicator, e.g., positive,
negative, and/or condrol or ground electrodes, where the microneedies will be grouped in
multiple arrays such that they conduct to the appropnate electrode. For example, FIGS
20a and 20b show a single patch having positive, negative and control electrodes where a
separate array of electrodes is in contact with each respective electrade. This
arrangement can be created using a single patch. Alternatively, as shown in FIG. 20¢,
two patches may be implemented, one including the control electrode with
corresponding mucroneedle array and the other including the positive and negative
electrodes with corresponding microncedie arravs. The various ¢lectrodes could be
mterchanged. Alternatively, as shown in FIG. 204, three patches may be implemented,
each having a separate electrode {coutrol, positive, or negative) with a corresponding
microneedle array. In use, in cerfain variations, the control may be attached above or
near bone, while the positive and/or negative clectrodes may be attached above nerve or
muscle.

131583] Referring again to FIG. 12, the energy emitting systerm 210 can be used to
treat or prevent various conditions, ¢.g., urinary incontinence, restiess leg syndrome and
fecal incontinence, among others. Energy emitting svstem 210 includes one or more
conductive cotls 212 disposed within or along a housing 214, one or more sensors 216
configured to detect electrical conduction i the target nerve or to detect muscle
stimulation, and a controller 218 coupled to the conductive coils 212 and optionally in
comnnication with the sensor 216, The cotls 212 are configured such that an electrical
current generated by the controller 218 is passed through the cotls 212 generating a
magnetic field which will stimulate a target nerve, e.g., the tibial nerve 220, a muscle or
other body part containing a portion of a target nerve, or any nerves branching off of a
target nerve, located in proximity to the coils 212, To this particular variation, the
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housing 214 i3 in the form of a foot cradle, as shown in FIG. 4, however, the housing
could also be mn the form of a flexible wrap, garment or other design suttable for use with
a subject.

181544 Referring again to FIG. 12, energy emitting system 210 may be used to treat
st prevent various conditions, e.g., urinary incontinence, restiess leg syndrome or fecal
meontinence. In certain variations, a method of using the energy emitting system 210
mcludes positioning a first portion of a patient’s body, for example a foot, ankde, or leg,
relative to housing 214 such that a posterior tibial nerve 220 within the first portion of
the patient’s body 1s in proximity to one or more conductive coils 212 disposed within or
atong the housing. In this particular variation, a patient’s foot is positioned in a housing
which is in the form of g foot cradle 215, A sensor in the form of a microneedle patch
228 way optionally be positioned along a second portion of the patient’s body m
proximity to the posterior fibial nerve 220, In this particular variation, microncedle patch
228 is attached to the patient’s foot over a muscle to detect muscle stimulation.
Alternatively, a patch could be placed elsewhere on the patient, for example, on the leg
in proximity to the posterior tibial nerve 220, proximal {o and up-stream from coils 212,
Microneedle patch 228 may be composed of one or more microneedle arrays and one or
more electrodes, as described supwa,

[BH155] Once the patient’s foot is in position and the microneedle patch 228 (2.g.,
conductive microneedie patch) 1s in place, a current 1s passed from controller 218
through coils 212, and as a result, the coils 212 generate a magnetic ficld which is
focused on the posterior tibial nerve 220, The magnetic field stimulates tibial nerve 220,
generating a current that will flow along the tibial nerve 220 and spread along its length,
to its sacral or pudendal nerve roots. Microneedle patch 228 detects corresponding
muscle stimulation or twitching or electrical conduction through the stimulated posterior
tibial nerve. Upon detection, the microneedle array may conduct and transmit an
electrical signal to the overlying electrode of microneedle patch 228, The signal may be
transmitted to controller 218, which can be integral or a separate controlier or device, or
a separate controlier coupled o controller 218. The controller can then be varied or
adjusted (to adjust the current or magnetic field) based on the signal received from
microneedie patch 228 1o ensure that adequate conduction of the posterior tibial nerve
220 occurs and an adequate and accurate dosage of treatment is being received.
Although shown utilizing a sensor, it is also contemplated that the system could be used

without a sensor.
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[8158] 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 condactive
microneedie patch 228 is placed in proximity fo or proximally over the afferent posterior
tibial nerve 229, i.e., behind the patient’s knee. In this position, a conductive
microneedle patch 228 detects electrical conduction through the afferent posterior tibial
nerve, .., it detects the electrical signal traveling through the posterior tibial nerve back
up to the brain and spinal cord or it may detect corresponding muscle stimulation. The
microneedle patch 228 sends the signal to controller 218 or to a separate controller
coupled to controller 218, The controller can then be varied or adjusted based on the
signal received frome microneedie patch 228 to ensure that adequate conduction or
stimulation of the posterior tibial nerve 220 occurs and an adequate and accurate dosage
of treatment is being recetved.

[B1587] A sensor utilized in the energy emitting systom 210 may be a microneedie
patch 228 as described above or optionally the sensor may a sensor type known in the art
{c.g., EKG sensor} or as described in any of the variations herein. It is 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 cradie, along with the one or
more conductive cotls, or positioned at a site distant from the housing or conductive
coils.

[B3158] In certain variations, energy emitting systom 210 my optionally jnclude one
or more conductive microncedle patches which can be positioned in proximity to the
target nerve or muscle and provide an additional or supplemental electrical or magnetic
stimulus to the target nerve or musele.

16159 Referving to FIG. 22, the energy emitting svstern 210 described above with
respect to FIG. 12 may be varied fo create energy emitting system 260, Energy emitting
system 260 further inclades one or more percutaneous electrode needles 262 or other
needles or other percutancous electrodes coupled to a controller 218 and having an end
msertable into a subject’s body in proximity fo said target norve or stinwlation site, The
percutaneous electrode needle 262 1s mductively coupled to one or more conductive coils
212, In use, a first portion of a patient’s body, for example a foot, ankle, or leg, is
posifioned relative to housing 214, ¢.g., foot cradle 215, such that a target nerve, e.g.,
posterior tibial nerve 220, located within the first portion of the patient’s body is in
proximity to one or more conductive cotls 212 disposed within or along the housing 214,
Conductive coils 212 are positioned proximate, optionally down-stream or distal to, a
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selected stimulation site 261, The percutaneous elecirode needle 262 is inserted through
the skin at a location and to a depth that brings the tip i close proximity o the
stimulation site or target nerve to be stimulated. The controller 218 s activated and a
current passes through conductive coils 212, The resulting magnetic ficld generates a
current that traverses the internal stimulation site 261 by passing from conductive coils
212 to the internal peremtaneous electrode needle 262, as indicated by arrow 1. Also, the
percutancous clectrode needle may be positioned within the generated magnetic field,
whereby the magnetic ficld itself generates a current in the percutancous electrode which
stimulates a target nerve or traverses an internal stimulation site. Optionally, a current
may be passed from the controller 218 through conductive coils 212 and/or from the
controtler 218 through percutancous electrode needle 262, traversing the internal
stimulation site as the current passes between the coils and needle.

[3168] In encrgy emitiing system 260, current density and subsequent clectric field
mtensity generated between conductive coils 212 and percutancous electrode needle 262
is greater than that generated by traditional percutanecous stimulators, A greater electiic
field intensity makes site location for conductive cotls 212 and percutaneous electrode
needle 262 casier. Furthermore, the load impedance through the surface of the skin s
much higher than the internal impedance, and as such, the relatively high load impedance
fessens the likelthood of damage to tissue and nerves due to high current pulses.

4161} Referring again to FIG. 22, a percutancous electrode needle for ase in any of
the energy emitting systems described herein may include a variety of designs. For
example, percutancous clectrade needle 262 may melude a metal or plastic handle 263 to
provide a secure grip for the user, while nmuntmizing the risk of shock to the user. The
needle fip can have a erminal portion 264 which may extend between about 0.5 and 10
mm or about 2.0 mum from the needle tip and may be constructed out of medical grade
stainless steel or other biocompatible metals. The diameter of the needle can be small
{less than about 0.25 mny which nunimizes trauma during insertion. Optionally, needle
262 can be coated with Teflon or similar insulative material 265 except for an exposed
tip area 264, This allows for a higher tield density at the tip for more precise operation.
The exposed needle tip area 264 should have a sufficiently large surface area so as not o
create too high a local current ficld that may cause irritation or pain.

18162} In another variation, as shown in FIG. 23, percutancous clecirode needle 272
may be used in encrgy emitting system 260, Percutaneous electrode needle 272 may be
constructed out of medical grade stamnless steel or other biocompatible electrically
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conductive metal. Percutancous electrode needie 272 includes a first end 276 for
imsertion into the patient's body in proximity to the preselected nternal stimulation site or
target nerve to be stimulated, and a second end 277, The size of the needie electrode 272
is preferably small, for example 34G needle electrode (0.22x10 num), to minimize trauma
during insertion, Percutaneous electrode needle 272 may also include an electrically
conductive adaptor, ¢.g., an clectrically conductive tape member 273, The tape maember
273 includes an electrically conductive adhesive portion 274 and an clectrically
conductive non-adhesive portion 275, Alternatively, the adaptor may include an
electrically conductive clip. The sccond end 277 of the needle electrode 272 preforably
inchides an enlarged portion to enable the clectrically conductive tape member 273 to be
more casily adhered thereto. Once it is determined that the percutancous needle
electrode 272 is properly positioned, the needle is fixedly adhered to the clectrically
conductive fape momber 273 by folding the ends of the adhesive portion 274 of the
clectrically conductive tape member 272 over the second end 277 of the needle electrode
thereby forming an electrical connection there between. The percutancous needle
electrode 272 is electncally coupled to controller 218 via electrically conductive tape
member 273, Various other implantable or msertable electrode needles known to
persons of skill in the art may also be utilized in the above described systems.

8#163] In certain variations of energy emitting system 260 as described above and
shown in FIGR, 22-23, a sensor 216, such as a conductive microneedle patch 228, may
be utilized to detect electrical conduction through the stimulated posterior tibial nerve
228 or to detect muscle stimulation, and transmit the signal to controlier 218, The signal
may be transmitted to controller 218, a separate controller or device, or a separate
controller coupled to controlier 218, The controller can then be varied or adjusted based
on the signal from microneedle patch 228 to ensure that adequate conduction of the
posterior tibial nerve 220 occurs and an adequate and accurate dosage of treatment is
being received. 1t is also contemplated that encrgy system 260 yuay be utilized without a
sensor 216, see for example FIGS. 24-25. Optionally, other types of sensors may be
used in place of a microneedle patch sensor, such as other sensors described herein and
sensors known o persons of ordinary skill in the art. The sensor may be placed over a
portion of the subject’s body suitable for detecting conduction of the target nerve (¢.g.,
on the feg as shown) or over 8 muscle to detect muscle stimulation resulting from

stinmating the target nerve.,
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8164} In certain variations, as shown in FIG. 26, an cnergy emifting system 250 for
providing a medical therapy ncludes a microneedle patch 252 {(e.g., conductive
microneedie patch) having one or more micromeedle arrays deposited on a surface of one

or more electrodes; one or more sensors 221 contigured to detect electrical conduction in

(¥4

the target nerve or to detect muscle stimulation; and a controlier 218 coupled to
microneedle patch 252 and in communication with sensor 221, The microneedic patch
252 is configured such that an electrical current generated by the controller 218 is passed
through the microncedle patch 252, generating a magnetic field or delivering or
generating an electrical or magnetic stimulus to a target nerve, e.g., the tibial nerve 220,
10 muscle or other body part containing a portion of g target nerve, or any nerves branching
off of a target nerve, located in proximity o microncedie patch 252,
[B#165] Referring to FIG. 26, a method of using the energy eritting system 250 may
melude placing @ conductive microneedle patch 252 on a first portion of a patient’s body,
for example a foot, ankle, or log, in proximity to posierior tibial nerve 220 within the first
15 portion of the patient’s body. Sensor 221 is posttioned along a second portion of the
patient’s body in proximity to the posterior fibial nerve 220, In this particular variation,
sensor 216 is attached to the patient’s leg in proximaity to the posterior tibial nerve 220,
proximal to and up-stream from conductive microneedie patch 252. Conductive
microneedle patch 252 is composed of one or more microneedle arrays and one or more
20 electrodes, as described in the variations above.
6166} Omnce conductive microncedie pateh 232 and sensor 221 are in position, a
current is passed from controller 218 through conductive microneedle patch 252,
resulting in an electrical stimoulus of the posterior tibial nerve 220, Alternatively, the

microneedie array may be insulated or constructed of non conductive material such that
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the microneedle patch 252 generates a magnetic field that stimulates tibial nerve 220 in a
manner similar (o the one or more coils described in the vanations above, without an
clectrical stimulos, Whether the stiroulus is electrical or maguetic, cither stinnilus will
generate a current that will flow along the tibial nerve 220 and spread alomg its length, fo
its sacral or pudendal nerve roots. Sensor 221 detects electrical conduction through the
36 stimuolated posterior tibial nerve 220, and then transmits the signal to controller 218, In
certain variations, the sensor may be in the forra of a microneedie patch sensor. The
signal may be transmitted to controlier 218, a separate controfier or device, or a separate

controller coupled to controlier 218, The controller can then be varied or adjusted based
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on the signal from sensor 221 to ensure that adequate conduction of the posterior tibial

g received.

4

nerve 220 oceurs and an adequate and acourate dosage of treatment is bein
18187} The sensor utilized in the energy emitting systern 250 may be a sensor of the
type described above, with respect to other variations., OUptionally, for example, the
sensor may be a microneedle patch, It is also contemplated that energy 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 conduction of the target nerve (e.g., on the leg as
shown)} or over a muscle to detect muscle stimulation resuiting from stimualating the
target nerve.

13168] In certain variations, energy emitting system 2350 my optionally include one
or more conductive coils disposed within or along a housing which can be positioned in
proximity to the target nerve or muscle and provide an additional or supplersental
stimulation of the target nerve or nwscle,

16169} Referring to FIG. 27, the encrgy emitting system 250 described above with
respect to FIG. 26 may be varied to create energy emitting system 280, Energy emitting
systern 280 further includes one or muore percutancous electrode needles 262 coupled to a
controller 218 and having an end insertable into a subject’s body in proximity to said
target nerve. Optionally, the electrode necdle may be non-percutancous, such that it is
mnsertable in an orifice or opening in the subject, such as a natural orifice. The
percutancous electrode needle 262 is mductively coupled to conductive microneedie
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, I proximity to posterior tibial nerve 220 within
the first portion of the patient’s body and down-stream or distal to a selected stinunidation
site 261, The percutancous 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.
181761 The controller 218 is activated and a current passes through microneedie
patch 252 and traverses the internal stimulation site 261 by passing from microneedle
patch 252 to the intcrnal percutancous electrode needle 262, as indicated by arrow 1. 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 passing from
microneedie patch 252 1o the internal percutancous electrode needle 262, Also, the
percutancous clectrode noedle may be positioned within the generated magnetic field,
whereby the magnetic field generates a current in the percutancous electrode which
stimulates a target nerve and traverses an internal stimulation site. Optionally, a current
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may be passed from the controller 218 through microneedle patch 2532 and/or from the
controller 218 through percutanecous clectrode needle 262, travessing the internal
stimulation site as the current passes between the patch and needle,

18171 Referring to FIG. 28, energy emitting systom 280 may be moditied by using
percutancous clectrode needle 272 i place of percutaneous clectrode needle 262,
Percutancous 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 utilized n the above described systems.
Additionally, energy emitting system 280 may ufilize a sensor to detect electrical
conduction through the stimulated posterior tibial nerve 220 and send a corresponding
signal indicative of the detected conduction fo controller 218 or other device such that
the electrical or magnetic stinuius can be adjusted as necessary. The sensor may be a
sensor 221, or optionally the sensor may be a microneedle patch. It is also conterplated
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 conduction of the target
nerve {(e.g., on the leg as shown) or over a muscle to detect muscle stimulation resulting
from stinlating the target nerve,

18172} In any of the above systems, variations are conternplated where the sensors
are also coupled or connected to or otherwise in communication with energy emitting
devices, e.g., the conductive coils or conductive microneedle patches

(8173} In certain variations, the one or more microneedles of the microneedie patch
may include an electrically conductive material such that the microncedles may transmit
an electrical signal to an overlying electrode ov other surface. Microneedles may be
constructed of an clectrically conductive material and/or coated with an clectrically
conductive material, Optionally, microncedles may be coated with an electrically
conductive material and constructed of a non-conductive material. Microneedles may be
fabricated using a variety of materials, e.g., metals, stainless steel, solid or coat of gold
over NI, Pd or Pd-Co, P, silicon, silicon dioxide, polymers, glass, biocompatible
polymers, titaniom, silver, or suture materials. Biodegradable polymers may also be
used such that it a tip of a microneedle were to snap or break off during fnsertion, i
would easily biodegrade, Optionally, the mucroncedle patch may be non-conductive.
181744 In certain variations, an olectrode paich for improved conductance or
conduction is provided. The patch can inclade at least one clectrode having a first

surface and/or a second surface. The electrode may optionally be attached to various

(%]
~k
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other materials or adhesive materials. An array of microneedies may be deposited on a
surface of the electrode, or attached to a patch or other material and indivectly or directly
connected to the electrode. The array of microneedles may inchide a conductive

material. Such patches may be used as a sensor fo detect muscle stinwlation or electrical

(¥4

conduction, or to provide or deliver an electrical stimulus or magnetic field, e.g, to 2
target nerve, and may optionally be used i any of the variations described herein or in
any application where improved conductance or conduction is desired. Microneedles
yvield improved reduction in impedance compared to simple abrasion and other
techniques, and are less pamnful and move comfortable for the patient,

10 [8175] In cortain variations, typical voitage sensed at the skin and detectable or
conductable by a microneedie patch or microneedie array may range from about § to 400
microvolts or about 10 to 300 microvolts.

8176} In certain variations, methods of treating a subject with urinary mcontinence
or various pelvic floor disorders utilizing the energy emitting systems described herein

15 are contemplated. Symptoms assceiated with urinary incontinence may be observed,
detected, or diagnosed. An energy emitting device having one or more energy
generators, ¢.g., one or more conductive cotls or one or more microncedle patches, may
be positioned in proximity to a target nerve, ¢.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

20 asubject’s or patient’s body. The subject may or may not be exhibiting symptoms

associated with urinary incontinence, In the case of the conductive coils, the cotls may

be positioned within or along a housing, such as a foot or knce cradie, and a foot or leg
may be positioned therein, In the case of a microneedle patch, the patch may be attached

to a subject’s skin. Optionally, the method involves positioning a first portion of a

[N
(¥4

ubiect’s body, the subject exhibiting sympioms associated with urinary incondinence,
relative to an energy emitting device such that a target nerve within the first portion of
the body 1s in proximity to at least one energy generator disposed within or along the
energy emifting device.
81771 A current is then passed through the energy generator to produce, generate or
36 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. Thisin
turn may cause the stinmulation of a pudendal nerve, sacral plexus, or other nerves in the
pelvic floor. Varicus nerves mnervating the vartous muscles, sphineters, nerves, organs

and conduits of the unnary fract and bladder may be stimulated divectly or indivectly. Tn
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certain variations, a current is passed through one more coils, which gencrate a magnetic
or electromaguetic ficld which stimulates the posterior tibial nerve.  In certain
variations, the positioning of the coils relative to the fivst portion of the subject’s body
may be adjusted to re-focus the magnetic ficld on the posterior tibial nerve as needed. In
certain vartations, a current is passed through a microneedie patch generating or
dehivering an electrical or magnetic stimulus or ficld. The positioning of the microncedie
patch relative to the first portion of the subject’s body may be adjusted to re-focus the
clectrical or magnetic stimulus or field on the posterior tibial nerve as needed.

18178} Optionally, electrical conduction through the target nerve, e.g., the posterior
tibial nerve, or muscle stimulation can be detected via at least one sensor. A conductive
sensor may be positioned in proximity fo 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 nuscle stimulation or twitching resulting from nerve stinnulation.
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 of a microneedle patch. In certatn variations, the sensor may be positioned behind
a subject’s knee to detect the electrical conduction along the afforent posterior tibial
nerve or on another portion of a patient’s feg or foot, In other variations, the sensor may
be positioned within or along a housing along with the one or more conductive coils.
18179 Where a sensor is used, a signal 1s received {rom the sensors and the signal is
mdicative of the electrical conduction of the target nerve, ¢.g., posterior tibial nerve. The
current may be adjusted or varied using a controller which is in communication with the
energy generator. Adjustments may be made in response to the nerve or muscle
stimulation detected by the conductive sensor, in order to optintize or ensure adequate
treatment of urinary incontinence 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 duration, ete., are those that vesult in an
observed or detected reduction or prevertion of syraptoms associated with urmary
mcontinence, Treatment could also be administered and the appropriate levels and
parameters achieved through observing or detecting reduction or prevention of
symyptoms where a sensor 18 not used. Exaroples of these symptoms inchude but are not
fimited to the inability fo control urinary function, urinary leakage, and loss of bladder

control,
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{8188} In certain variations, the amplitude, frequency, direction of a generated
magnetic field, electrical or magnetic stimnulus, or firing sequence of the coils or
microncedies making up the microncedie array may be adjusted. Optionally, the current
may be varied according to a muscular response in the patient. Thus, to treat urinary
meontinence, the magnetic ficld or electrical stimulus is applied to a subject or patient
until the desired effects (e.g., reduction of symptoras) are achioved.

{8181} In certain variations, methods of treating a subject with fecal incontinence
ptilizing the energy emitting systems described herein are contemplated. Symptoms
associated with fecal incontinence may be observed, detected, or diagnosed. An energy
ernitting device having one or more energy generators, ¢.g., one ot more conductive coils
or one or more micraneedie patches, may be positioned in proximity to 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 body. The subject may or may not be
exhibiting symptoms associated with fecal incontinence. In the case of the conductive
cotls, 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. Tn the case of a micronecdle pateh,
the patch may be attached to a subject’s skin. Optionally, the mcthod mvolves
positioning a first portion of a subject’s body, the subject exhibiting sympioms
associated with fecal incontinence, relative to an energy emitting device such that a
target nerve within the first portion of the body 1 in proximity to at least one energy
generator disposed within or along the energy emitting device.

18182} A current is then passed through the energy generator to produce, generate or
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
turn causes the stimulation of a pudendal nerve, sacral plexus, or nerves in the pelvie
floor, Various nerves innervating the various muscles, sphincters, rectum, nerves, organs
and conduits associated with bowel movements, fecal control, and the intestines may be
stimulated durectly 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 to the first portion of the
subject’s body may be adjusted to re-focus the magnetic field on the posterior tibial
nerve as needed. In certain variations, a current is passed through a microneedie patch
generating or delivering an electrical or magnetic stimulus or field. The positioning of
the microneedle patch relative to the first portion of the subject’s body may be adjusted
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to re-focus the electrical or magnetic stimulus or field on the posterior tibial nerve as
needed.
13183] Optionally, electrical conduction through the target nerve, ¢.g., the posterior

tibial nerve, or muscle stimulation can be detected via at least one sensor. A conductive

(¥4

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 resufting from nerve stimulation.

Optionally, the electrical conduction s detected along a second portion of the subject’s

body which is different from the first portion of the body. Optionally, the sensor is i the

16 form a of a microneedle patch. In cortain variations, the sensor may be positioned
behind a subject’s knee to detect the electrical conduction along the afferent posterior
tibial nerve or on ancther 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
coils,

15 {8184} Where a sensor is used, a signal is received from the sensors and the signal is
indicative of the electrical conduction of the target nerve, e.g., posterior tibial nerve., The
current may be adjusied or varied using a controller which is in communication with the
encrgy generator. Adjustments may be made in response to the nerve or muscie
stinmfation detected by the conductive sensor, in order to optimize or ensure adequate

20 wreatment of fecal incontinence by achieving the appropriate level of conductance and

appropriate level of nerve or muscle stinmlation. Appropriate lovels or parameters for

current, frequency, magnetic field, treatment duration, ¢tc., are those that resulf in an
observed or detected reduction or prevention of symptoms associated with fecal

mcontimence. Treatment could also be adnunistered and the appropriate lovels and

[N
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parameters achieved through obscrving or detecting reduction or prevention of
symptoms where a sensor is not used. Examples of these symptoms include but are not
Hmited: the loss of voluntary control to retain stool in the rectuny loss of fecal control;
mability to control bowel movements, and fecal leaking:

[B185] In certain variations, the amplitude, frequency, direction of a generated

36 magnetic field, electrical or magnetic stinulus, or firing sequence of the coils or
microncedies making up the microncedie array may be adjusted. Optionally, the current
may be varied according to a muscular response in the patient. Thus, to treat focal
meontinence, the magnetic ficld or electrical stimulus is applied to a subject or patient
until the desired etfects {e.g., reduction of symptoros) are achieved.
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[818s6] In certain variations, methods of treating a subject with restless leg syndrome

]

utilizing the energy emitting systems described herein are contemplated. Victims
afflicted with Restless Leg Syndrome (RLS or Ekborm's syndrome), are unable to remain
seated or to stand still. Activities that require maintaining motor rest and himited
cognitive stimulation, such as transportation, e.g., in a car, plane, train, otc., or attending
tonger meetings, lectures, mavies or other performances, becorne difficult it not
impossible. These sensations become more severe at night and RLS patients find sleep to
be virtually impossible, adding to the diminishing quality of their ives. The urge to
move, which jncreases over periods of rest, can be completely dissipated by movement,
such as walking., However, once movement coases, symptoms return with increased
intensity. 1f an RLS patient is forced to fie still, symptoms will contimue to build like

toaded spring and, eventually, the legs will avoluntary move, relieving symptoms

immediately.
{6187} Thus, symptoms associated with restless leg syndrome may be observed,

detected, or diagnosed. An energy emitting device having one or more energy
generators, e.g., one or more conductive cotls or one or more microneedle patches, may
he posifioned n proxinuty to a target nerve, e.g., the tibial or posterior tibial 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 body. The subject may or may
not be exhibiting symptoms associated with restless leg syndrome. In the case of the
conductive coils, the coils may be positioned within or along a housing, such as a foot or
kaoee cradie, and a foot or leg may be positioned therein. In the case of a microncedle
patch, the patch may be attached to a subject’s skin. Optionally, the method involves
posifioning a first portion of a subject’s body, the subject exhibiting symptoms
associated with restless leg syndrome, 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 emitiing device.

[B18E] A current is then passed through the energy generator to produce, generate or
deliver energy, e.g., a magnetic ficld or elecirical or magnetic energy or stimulus,
focused on the tibial or posterior tibial nerve or branches thereot or other nerves
associated with restiess leg syndrome. This i turn causes the stimulation of a pudendal
nerve, sacral plexus or other nerves innervating the pelvic floor or various muscies,
nerves, or organs associated with restless leg syndrome.  The various nerves may
stimulated directly or indirectly. Optionally, a current s passed through one more coils,
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which generates a magnetic or electromagnetic field which stimulates the posterior tibial
nerve.  In certain variations, the positioning of the coils relative to the first portion of the
subject’s body may be adjusted to re-focus the magnetic field on the posterior tibial

nerve as needed. In certain variations, a current is passed through a microneedie patch

(¥4

generating or delivering an electrical or magnetic stimulus or field. The positioning of

the nucroneedle patch relative to the first portion of the subject’s body may be adjusted

to re-focus the electrical or magnetic stimulus or ficld on the posterior tibial nerve as

needed.

18189} Optionally, electrical conduction through the target nerve, e.g., the posterior

10 ubial nerve, or muscle stimulation can be detected via af least one sensor. A conductive
sensor may be positioned in proximity fo 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 nuscle stimulation or twitching resulting from nerve stinnulation.
Optionally, the electrical conduction is detected along a second portion of the subject’s

15 body which is different from the first portion of the body. Optionally, the sensor in the
form a of a microncedic patch. In certain vanations, the sensor may be positioned
hehind a subject’s knee to detect the electrical conduction along the atferent 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 8 housing along with the one or more conductive

20 eoils.

[31598] Where a sensor is used, a signal is recetved from the sensors and the signal 1s

mdicative of the electrical conduction of the target nerve, ¢.g., posterior tibial nerve. The

current may be adjusted or varied using a controller which is in communication with the

encrgy generator. Adjustrments may be made in response to the nerve or muscle

[N
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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 duration, eic., are those that result in an
observed or detected reduction or prevention of symptoms associated with restless leg
30 syndrome. Treatment could also be adminisiered and the appropriate levels and
paramcters achieved through observing or detecting reduction or prevention of
symptoms where a sensor is not used. Exarnples of these symptoms include but are not

Himited to: uncomfortable sensations in the limbs, irresistible urges to move, usually the
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legs; motor restlessness; when at rest, symptoms return or worsen; and sympioms worsen
in the evening and at night.
(LIS In certain variations, the amplitude, frequency, divection of a generated

magnetic field, clectrical or magnetic stimmulus, or firing sequence of the coils or

(¥4

microneedlies making up the microneedie array may be adjusted. Optionally, the current

may be varted according to a muscular response in the patient. Thus, to treat restless leg

syndrome, the magaetic tield or electrical stimulus is applied o a subject or patient until

the destred effects (e.g., reduction of symptoms} are achieved.

8192} In certain variations, methods of treating a subject suffering from premature

10 gaculation or various pelvic floor disorders utilizing the energy emitting systoms
described hercin are contemplated. Symptoms associated with premature ejaculation
may be observed, detected, or diagnosed. An energy emitting device having one or more
SNETEY generators, ¢.g., one or more conductive coils or one or more microncedlie
patches, may be positioned in proximity o a target nerve, ¢.g., the tibial or posterior

15 tibial nerve or popliteal or sacral nerve or branches thereof of a subject along a first
portion of a subject’s body. The subject may or may not be exhibiting symptoms
associated with promature ejaculation. In the case of the conductive coils, the coils may
be positioned within or along a housing, such as a foot or knec cradie, and a foot or leg
may be positioned therein. In the case of a microncadie paich, the patch may be

20 attached to a subject’s skin. Optionally, the method involves positioning a first portion

of a subject’s body, the subject exhibiting symptoms associated with premature

ciaculation, 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 cnergy generator disposed within or

along the energy emittimg device.

[N
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181934 A current is then passed through the energy generator to produce, gencrate or
deliver energy, e.g., a magnetic or clectromagnetic field or electrical or magnetic energy
ot stiomalus, focused on the tibial or posterior tibial nerve or branches thereof. This in
turn may cause the stiraulation of a pudendal nerve, sacral plexus, or other nerves 1o the
pelvic floor or nerves associated with the control of gjaculation. Various nerves

36 inmervating the various muscles, sphincters, nerves, organs and conduits of the urinary
tract, bladder or reproductive systern, or pelvic floor may be stimulated divectly or
mndirectly. Optionally, a current is passed through one more coils, which generates a
magnetic or clectromagnetic field which stimulates the posterior tibial nerve.  In certain
variations, the posttioning of the coils relative to the first portion of the subject’s body
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may be adjusted to 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 posttioning of the microncedie
patch relative to the first portion of the subject’s body may be adjusted to re-focus the
electrical or magnetic stimulus or field on the posterior tibial nerve as needed.

6194} Optionally, electrical conduction through the target nerve, ¢.g., 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 subjeet’s body. Optionally, a sensor may be positioned over a corresponding
musele to detect ranscle siimulation or twitching resulting from nerve stimaulation.
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 of a micronecdie patch. Tn ceortain variations, the sensor may be positioned behind
a subject’s knee to detect the electrical conduction along the afferent posterior tibial
nerve or on ancther 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 coils,
B195] Where a sensor is used, a signal is received from the sensors and the signal is
indicative of the clectrical conduction of the posterior tibial nerve. The current may be
adpusted or varied using a controller which s in communication with the energy
generator. Adjustments may be made in response to the nerve or muscle stimulation
detected by the conductive sensor, 1n order to optimize or ensure adeguate treatmuent of
premature cjaculation by achieving the appropriaie level of conductance and appropriate
level of nerve or muscle stimulation. Appropriate levels for current, frequency, magnetic
field, treatment duration, ete., are fovels that result in an observed or detected reduction
or prevention of symptoms associated with premature ejaculation. Treatment could also
be administered and the appropriate levels and parameters achieved through observing or
detecting reduoction or prevention of syraploms where a sensor is not used. Examples of
these symptoms include but are not mited to; ¢jaculation that frequently occurs within
one minute or less of penetration; the inability to delay efaculation on penetrations; or
persistent oy recurrent gjaculation with minimal stimulation before, on or shortly after
penciration,

3196} In certain variations, the amplitude, frequency, direction of a generated
magnetic ficld, electrical or magnetic stimulus, or firing sequence of the coils or
microneedies making up the microneedle array may be adjusted. Optionally, the current
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may be varied according to a muscalar response in the patient. Thus, to treat premature
giaculation, the maguetic field or electrical stimulus is applied to a subject or patient until
the desired effocts (e.g., reduction of syrmptoms) are achieved.

18197} Exemplary treatment parameters for treating various conditions, ¢.g., urinary

(¥4

meontinence, using the systems and methods described herein may include the
following. Operation of g conductive coil at about 10 to 20 hertz generating a magoetic
field of about .25 to 1.5 tesla, where the coil is administered to a patient for a duration of
about 30 minutes/day or 30 minutes per week, depending on the severity of the
symptoms, until the symptoms subside. The above treatment parametors or variations on
10 the parameters may be used for treatment of urinary incontinence, fecal incontinence,
restiess log syndrome, or premature ¢jaculation or other conditions. For example, the
coil roay be operated at various parameter ranges falling with the following ranges: about
510 100 hertz, about | to 10 tesla, for about 15 minutes to 2 hours per day or week. In
treating premature ejaculation, a patient may receive treatment about 4 to 10 hours prior
15 tointercourse. A maintenance phase of treatment, after the initial treatment, may vary
for various conditions. For example, the maintenance phase may require application of
the systems and roethods described herein at the pararocters described herein for 30
minutes/week or 30 mimtes/month, Any treatment parameter may be varied or modified
based on the effect on the patient or sensor or patient feedback regarding stimulation,
20 until the desired result of treating or preventing a condition is achieved.
{8198} In certain variations, as shown in FiGs. 29a-294d, energy emutting device may
mclude a controlier 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 horizontal foot plate knob 294, One or more EMG plugs 295 are

[N
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provided. An air core coil 297 or other type of coil is provided. A display screen 296
may also be provided along with power cord 298, The display screen 296 can display a
variety of information fo the user and/or practitioner such as the level of power or current
applied, freatment time, temperature of the cradle device, detected current tevels and/or
physiological parameters, ¢te., to facilitate effective and efficient therapeutic treatment.
36 The mmformation can be used to vary or adjust the controller to ensure that adequate
conduction of a target nerve, ¢.g., posterior tibial nerve 220 or nuscle stimulation ocours
and an adequate and accurate dosage of freatment is being received. Confrols 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 in the art would
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find necessary or usetul to control or monitor. In certain variations, a sensor may be
connected, connected or in communication with the foot cradle or other energy emitting
apparatus, controller, housing , conductive coils, or microneedie patch.

18199 In certain variations, as shown in FIGS 30A-30B, an cnergy emitting device
may include a controller and a knee support or knee cradle. The cradle may be
configured to provide the conductive cotl in proximity to the popliteal fossa or arca
directly behind the knee. In cortain variations, the knec cradle may be configured to
cradle or surround at least a portion of the knee or substantially the entire knee without
placing direct prossure on the popliteal fossa, thereby minimizing or avoiding venous
thrombaosis. In one variation, the device may be utihzed while the knee is in the flexed
position (Fig. 30A). In another variation, the device may be utilized while the knec is in
a non-tlexed position (Fig. 30B).

[B200] In certain variations, the energy omitting device, ¢.g., foot support or cradle,
kaee support or cradle, etc., includes a conductive coil positioned such that a target nerve
is antomatically targeted. The conductive coil is configured, sized and positioned within
the device such that the generated magnetic field may encompass and stimulate the target
nerve in any patient based on the target nerve’s anatonycal focation, thus providing
automatic targeting of the nerve in any paticnt once the patient positions a particular
body portion in the device.

8201} In certain variations desceribed herein, sensors may detect voltage or current
and may be connected, coupled, wirelessly connected or coupled or otherwise in
communication with housing, conductive coils, microneedie patch, energy emitting
apparatus, energy generators, of electrode needles and/or controller using a variety of
methods or techniques known in the art. In various variations described herein,
housings, conductive coils, microneedle patches, energy emitting apparatus, energy
generators, or electrode needles may be connected, coupled, wirelessly connected or
coupled or otherwise in communication with each other, controllers or sensors, using a
variety of methods or technigues known in the art,

16282 Coils used i any of the variations described herein and illustrated in the
corresponding figures may take on a variety of shapes, sizes, and configurations. For
exanple, a cotl may be shaped as a spiral (as shown} or have a siraple helical patters or
be a figure eight coil, a four leaf clover coil, a Helmholiz cotl, a modified Helmholtz coil,

st may be shaped as a combination of the aforementioned cotl patterns. Additionally,

i
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other coil designs bevond those mentioned hereinabove might be utilized as long as a
magnetic ficld is developed that will encompass 3 target nerve,

16203] The coils may have a varicty of dimensions and configurations. In cortain
varigtions, a coil may have a central aperture. The diameter of the aperfure may range
from about 0.5 inch to 2 inches or 1 inch to 1.5 inches or the aperture may have a
diaracter of about | inch. The diameter of the cotl body may vary. For example, the

=
i
i

diameter may range from about 3.0 to about 7 inches or from about 4 to abowt 5 inches or
the diameter may about 4.5 inches. The coil body may inchide any suitable number of
turns. For example, the coil body may incluade from about 2 to about 25 turns or from
about 10 to about 20 turns or 14 to 17 turns. The adjacent turas may be spaced apart
from each other, providing a gap there between. An ond or cross section of a furn may
have varions dimeunsions. For example, the end or ¢ross section may have a height that is
greater than its width, An end or cross section of a turn may have a height ranging from
about 1 to 5 cm or from about 10 mm to 51 mom (about .3 inches to 2 inches) or about 25
mm to 403 mum {(about 1 inch to 1.5 inches) or about 12 mm to 40 mum (about .5 inch to
1.5 inch) or about .S inch to 2 inch. The end or cross section of the turmm may have a
width ranging front about 0.5 mnt to about Stam (about (019 inch to 19 inch) or from
about imm to about 2 mm {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.
18284 In certain variations, a system or device for electromagnetic or magnetic
mduction therapy may include one or more conductive coils disposed within or along an
applicator. The coil may be configured to generate an electromagnetic or magnetic feld
focused om a target nerve, muscle or other body tissue positioned in proximity to the coil.
The system may also include one or more sensors. The sensor may be configured to
detect electrical conduction in the target nerve or to detect stinmilation 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, a user may
provide such feedback based on detection by the user, with or without the use of a
sensor. The systern may also include a condroller which is in communication with the
sensor. The controller may be adjustable to vary a current through the coil in order to

adjust the magnetic field focused upon the target nerve based on feedback from the
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sensor or user. The various systems or devices described herein may be utilized with or
without a seusor.

16205] A variety of electromagnetic or magnetic mduction applicators designed or
configured to stimufate various portions of a patient’s body for treating various
conditions are contemplated herein,

[6286] Figure 31 A illustrates a variation of a hand or arm applicator 310, The hand
or arm applicator 310 may be ergonomic or confoured to a hand or arm to be positioned
relative to or in proximity o a hand or arm to generate an electromagnetic or magnetic
field focused on a target nerve, muscle or other tssue within the hand or arm.
Optionally, a hand or arm applicator 310 may be designed to stimulate the entive hand or
arm of a paticnt, for example, where the patient has limited or reduced nerve innervation
to those portions of the body.

[B287] Figure 318 also illustrates a variation of a foot, knee or leg applicator 320
The foot, knee or leg applicator 320 may be ergonomic or contoured 1o a foot, knee or
leg to be positioned relative to or in proximity to a foot, knee or leg to generate an
electromagnetic or magnetic field focused on a target nerve, musele or other hissue within
the foot, knee or leg. Optionally, a foot, knee or leg applicator 320 may be designed to
stimufate the entire foot, knee or leg of a patient, for example, where the pationt has
Himited or reduced nerve innervation to those portions of the body.

[B208] Figure 32 iltustrates a variation of a stand alone back applicator 330, The
back applicator 330 may be ergonomic ot contoured to the back or to a specific arca of
the back to be posifioned relative o or in proximity to the back to generate an
electromagnetic or magnetic field focused on a target nerve, musele or other fissue within
the back. A back applicator 330 may be aligned along the spine or positionable in
proximity to the spine. The back applicator 330 may be utilized to stimulate nerve
stishoots, dorsal ganglion, the spinal cord iiself or any other nerve in the body, to treat
various conditions, for example, to freat atrophy or paralysis,

[B8289] The back applicator 330 may mclude several coils, which may be pulsed
mtermittently. In certain variations, a sensor may be placed on muscle in dermatome to
provide feedback to ensure stimulation of the proper dorsal root ganghon or vertebral
body. The sensor may provide feedback to channel energy or current to the proper or
effective coil in an applicator, e.g., in an applicator having multiple coils.

{3218} Figure 33 shows a system including a corded back applicator 340, a sensor
342 and a logic controller 344, Vartous sensors may be utilized, e.g., a three lead EMG,
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other EMG electrode, a microneedle electrode, or any sensor for detecting physiclogic
changes associated with nerve firing and/or mascle contraction. The sensor 342 provides

fecdback which may be used to monitor and/or control therapy. The sensor 342 may be

used to position or optimize therapy in a clinic or home healtheare setting. The

(¥4

applicator 340 may or may not contain a pulse generator and/or logic controller circutiry.

a2

Figure 33 shows the logic controller 344 and pulse generator as a separate unit. The
ogic controller may optimize therapy and minimize energy usage or overheating based
on feedback from sensor 342, Optionally, the logic controlier 344 may be incorporated
into an applicator. The logic controller 344, whether separate from the applicator or

10 incorporated in the applicator, may be controlled based on feedback from the sensor.
18211 Figure 34 shows a system including a whole back applicator 350, a sensor
352 and a logic controller 354, One or more back applicators 350 may be provided. One
ot more applicators 350 may nclude automated therapy targeting. The applicators 350
may include multiple coils, which can be fired sequentially to stimulate the entire spine

15 orchain of dorsal root ganglion (with or without user or sensor feedback) for
osteoarthritis therapy, back or neck pain therapy, prevention of muscular atrophy and/or
nerve recovery atier paralysis, stroke, or after suffering other nerve damaging conditions.
Inn one variation, one or more applicators 350 may include multiple cotls fired
sequentially in order to determine the optimal coil for stimulation based on user or sensor

20 feedback. Once the optimsal coil 18 determined, that coil may be selected and used for the
remainder of the therapy. In another variation, ong or more applicators may include one
or more coils that are slidable, adjustable or movable within the applicator housing. The
cotls may be moved within the applicator housing to freat a large area and/or to be

focused on the optimal treatmeent zone based on feedback from the user and/or feedback
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from the sensor.

8212} Figure 35 shows a variation of a back applicator 360 which may be
positioned n proximity to or aligned aloug a spine. The back applicator 360 may have
ergonornic features or may be placed in proximity to a spine or a spine may be
positioned in proximity to the applicator 360. The applicator 360 may include several

36 cotls that are pulsed intermuttently.  As shown in Figure 35, the back applicator 360 or
focused back applicator may mie held on a patient by an ergonomic positioning element
361 (e.g., a belt) and may be fit such the cervical, thoracic, lumbar, sacral and/or
fumbosacral curvatures hold the back applicator 360 in the optimal position. The
applicator 360 may be located anywhere along the positioning element 361 depending on
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the individual and area to be stimulated. Optionally, a sensor lead 362 may be placed
over muusculature or along a nerve excited by activation of the applicator 360, Tnone
variation, a cotl power line 365 for supplying power or current from the logic controller
364 1o coils positioned in the applicator 360 may include fhuid cooling, ¢.g., air or liguid
cooling,

6213} Figure 36 shows an applicator 366 designed or configured to gencrate a
magnetic field focused on a target nerve responsible for phantom or neuropathic pain.
The applicator 366 or phantom pain therapeutic stimulator unit may be utilized to treat
phantom pain or neuropathic pain, to provide phantor pain or neuropathic pamn therapy.
The apphicator 366 muay be orgonomic or contoured to be positioned relative to or in
proximity to a nerve responsible for phantom or neuropathic pain,

8214} Figure 37 shows a facial neuralgia applicator 380, Facial neuralgia applicator
380 may be may be crgonomic or contoured to a face or head to be positioned relative to
a face or head to stimulate a nerve responsible for facial neuralgias. The applicator 380
may be designed or configured to be positioned relative to, in proximity to oron a
patient’s face or head and to generate a magnetic field focused on nerves responsible for
facial neuralgias, e.g., the frigeminal nerve, to treat tacial neuralgia. Optionally, a
sensor may be positioned along a facial nerve to ensure adequate therapy and to provide
feedback, e.g., to a logic controller, regarding nerve conduction or body stimulation.
8215} In certain variations, an applicator may be designed to ergonomically target
common nerves responsible for common neuralgias m order to treat such neuralgias. In
other variations, an applicator may be used for treating neuralgias virtually anywhere on
a patient’s body, including in deep nerves due to the ability of magnetic fields generated
by the applicator to penetrate painlessly. In certaim variations, an applicator may be
designed to generate a magnetic field focused on a target nerve fo freat central or
peripheral neuralgias,

6216} Figure 38 shows a depression applicator 386 which is designed or configured
to be positioned relative to, in proximity o or over a frontal cortex. The applicator 386
may be ergonomic or contourad to a head fo be positioned relative o a head to stimulate
the frontal cortex. The applicator 386 may gencrate an electromagnetic or magnetic field
focused on the frontal cortex to treat depression. A sensor may be positioned 1o the
offshoots of the motor cortex. The sensor may provide feedback to ensure appropriate
placement of the applicator 386 or coil. In one variation, the applicator 386 may include

a therapeutic coil and a targeting coil {e.g., a smuall non-treatiment coil), which may be
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positioned a certain distance behind the therapeutic coil, e.g., about S cm behind the
therapeutic coil. When firing of the targeting coil is sensed by the sensor {or user-
fecdback), the therapeutic coil may be positioned in the correct or optimal position over

the frontal cortex for depressive therapy.

(¥4

82171 Figure 39 shows a migraine applicator 390 which is designed or configured to
be positioned relative to, in proximity to or over an oceipital nerve. The applicator 390
may be ergonomic or contoured to a face or head to be positioned relative o a face or
head to stimulate the occipital nerve.  The applicator 390 may generate an
electromagnetic or magnetic field focused on the occipital nerve to halt, prevent ov treat
16 muigraines, The applicator 390 may have an ergononuc design to ensure appropriate
placement over the occipital nerve. In one variation, the applicator 390 may be a single
{or few) pulse device. The applicator 390 may be in a portable format. The applicator
390 may also be without any signiticant cooling features. QOptionally, the applicator 390
may have cooling features. In another variation, an applicator may be a multiple pulse,
15 higher frequency device., Such an applicator may imclode cooling features, where
cooling is provided by utilizing ligquads or aitflow, such as rapid aittlow to cool the cotls
or applicator.
18218 Figure 40 shows a variation of an applicator 396 in the form of a stimulator
coil platform which may be ergonomic and contoured to a knee. The applicator 396 is
20 configured to be positioned relative to or i proximity to a knee or the apphicator 396 1s
configured such that a knee may be positioned relative to or in proximity to the
applicator 396, The applicator 396 may be configured to generaic an electromagnetic or
magnetic field focused on the popliteal nerve for peripheral nerve stinnilation to treat

various conditions, ¢.g., overactive bladder, neuropathic pain or restless legs. Inone

[N
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variation, a stimulator coil may target an area behind a patient’s knee or the popliteal
fossa, and the knce may be rested on a stimulator coil platform applicator n any position.
8219} In certain variations, an applicator may include one or two (bilateral)
magnetic field gencrating cotls, which may be positioned around the knee when the
patient is in a sitting, standing or prostrate position. In certain variations, a pulse

36 generator or logie controller 397 may send energy through one or more coils to create an
clectromagnetic or magnetic field. The applicator or coils may generate stimulator or
non-stimulator fields.  Sensor or user feedback may provide feedback to logic contraller
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, to treat

7 .. . .
Ve Petitioner - Avation Medical, Inc.

Ex. 1044, p. 52



(¥4

10

20

[N
(¥4

Attorney Docket No.: EMKNZG0760US

various orthopedic indications, e.g., knec pain or ostecarthritis. An applicator may be
utilized for gencrating magnetic fields focused on a arca of a paticut’s body to treat
various non-orthopedic indications, via, e.g., peripheral nerve stimulation

182284 Figures 30A-30B, show a variation of an applicator 400 which may be
utilized for popliteal nerve stinmulation and/or treatment of the knee. The applicator may
be designed or configured o generate an cleciromagnetic or magnetic ficld focused on
the popliteal nerve for popliteal nerve stimulation or on the knee for treating
ostecarthritis. The applicator is configured to be positioned relative (o or in proximity to
a knee or the applicator is configured such that a knee may be positioned relative to or in
proxinity to the applicator. A leg may rest on the applicator coil or be positioned above
it. Optionally, as shown in Figure 308, 2 foot rest 184 may be provided for holdingup a
foot.

6221} Figure 41 shows a system including a variation of an ergonomic back
applicator 410 held on a patient’s body by an ergonomic 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 mnclude various positioning elements 411, e.g., a shoulder
3 g s S8

-t

harness, an upper torso garment, or an ergonomic back-countered plate. The applicator
410 may be stinmlator or non-stimulator. In another variation, an applicator may be
rested on a seat or chatr such that a stimulator coil reliably overlics the area of the
patient’s body requiring stimulation. In cerfain vanations, one or more ¢oils may be
fixed on the applicator (requiring prior targeting by a healthcare provider or patient) or
one or more coils may move freely within or along the applicator and may be locked into
posifion when the desired or optimal position is located. Cotls may also move
automatically in order to optimize targeting of the cotl based on sensor or user feedback.
The system may be incorporated into a single unit or, as illustrated, have at least two
components inclading a separate logic controlier,

8222} For any of the applicators described herein, such applicators may include one
ot more of the following features. The applicators may be ergonomic or contoured to the
spectfic region of the body or anatomy to which the applicator will be delivering
stimulation. The applicators may be configured or designed to 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

openable or adjustable to allow for insertion or entrance of the targeted body part or
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anatonmy into the applicator or to allow for placement of the applicator onto or around the
targeted body part or anatomy. The applicators may be flexible or ergonomic to
accoramodate nearly any type of body habitos, In certain variations, a solenoid-type coil

may incorporated into an applicator for delivering PEMF stimulation directly to the

(¥4

targeted areas or regions of a body.  In certain variations, any of the applicators
described herein may approximate the respective targeted body area or anatomy or the
applicators may be designed such that the body region or targeted anatony may
approximate the applicator,
18223} Tn certain variations, any of the applicators or systerns described herein may
10 bheused to provide electromagnetic or magnetic induction therapy with or without a
SeHSOT.
8224} In certain variations, electromagnetic stimulating devices or applicators for
providing stimulation to tissues of the human body, including nerves, muscles {(including
superficial and deep nuscies), and/or other body tissues for the treatment of various
15 conditions, including, e.g., chronic and acute pain, are provided.
18225] The devices may utihize an inductive coil encased within an ergonomic, body-
contoured applicator to target specific regions of the body. The coils may be designed to
target peripheral nerves throughout the body that have been implicated or involved in
pain syndromes.
20 [0226] The varicus designs and configuration of the devices described herein aliow
for easier application, more consistent therapy and home use while targeting anatomic
regions with therapeutic pulsed eclectromagnetic fields. The fields may also be delivered
or applied in an intermittent manner to allow for convenience and ease of use while

providing a durable benefit. With intermitient extomal stinlation by pulsed
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clectromagnetic or magnetic fields, a nerve or other tissues may be stimulated in manner

that provides a continued and lasting effect on nerve, muscle or tissue function, without

habituation,
6227} The electromagnetic or magnetic induction stinulation devices described

herein substantially improve the state of the art electromagnetic stimulation technology
30 and may meorporate the delivery of PEMF therapy into & aser friendly, body contoured
applicator.  In certain variations, a delivery system for PEMF therapy may include
clements such as, ¢.g., {1} an ergonomic, body contoured applicator which provides for
repetitive application and consistent therapy onto the same body area. The applicator
may be coded with clear markings to facilitate repetitive and consistent therapy onto the
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same body area; (2} the use of a sensor to provide feedback that stimulation is occurring
etfectively; and/or (3) the use of mtermitient stimulation to effectively treat various
conditions, ¢.g., chronic pain, without habituation. These elements individually or the
various combinations of these elements have provided for an casy to use, ergonomically
designed system that has applications within a host of clinical and home ease of use
health applications.

[6228] In certain variations, an electromagnetic or magnetic induction stimulation
device able to provide stirilation to tissues of the human body, including nerves,
muscles {including superficial and deep muscles), and/or other body tissues without
significant discomtort to the patient 1s provided. Conductive stinulating coils may be
encased in an ergonomic, body-contoured applicator that is coded with clear markings to
provide for repetitive application and consistent therapy onto the same body area. The
design of the applicator allows for case of use and also for the targeting of anatomic
regions 1o be exposed to the impulses of the PEMFs. The electromagnetic stimulating
device may provide PEMF in a manner that is patient user friendly and the device may
be portable. The device may be utilized in a hospital, an outpatient clinic, a therapist’s
office, or at a patient’s home.

16229 In certain variations, an electromagnetic or magnetic induction stimulation
device may stimulate regions of the body to treat conditions requiring both maximal
stimulation (1.e., sufficient to cause contraction of nuscle fibers and fiving of nerves) as
well as submaximal stimulation {which will be sutficient to provide therapy but not to
cause contraction of muscie fibers).

18238 The electromagnetic or magnetic induction or stimulating devices described
hercin may be utihized for various indications. The mdications may be divided o
maximal and submaximal categories, in which the former requires significantly higher
fevels of mducting current than the latter. The maximal applications of the device
nclude, but are not limited to: Non-invasive stimulation (ntermitient or continuous) of
the peripheral nervous system for freating chronic pain; stimulation of a nerve for the up-
or down-regulation of hormones or cellular proliferation; treatment and/or prevention of
atrophy, which would be therapeutic during recovery after an individual sustains a
fracture, experiences paralysis of a imb or other body part, or undergoes surgery, such asg
ACL repair in the knee; treatment of neurogenic or overactive bladder and bowel; and
stimulation of the central nervous system to alter neural pathways or up/down-regulate

the aforementioned factors.
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[8231] Additional applications of the devices include but are not limited to: treatment
of neuropathic pain (e.g., phantom pain in mbs or other neurologic pain) or orthopedic
pain {back and neck pain or skeletal related pain); treatment of overactive bladder and

bowel; and treatment of arthritis and/or orthopedic conditions.

(¥4

82321 In certain variations, a device is provided for delivering PEMF stimulation to
selective anatomic regions of the body, utilizing an ergonomic applicator designed to
facilitate accurate and targeted delivery of therapy. The applicator may be coded with
clear or solid markings to provide for repetitive application and consistent therapy onto
the same body arca of the body. This design may facilitate the placement of the device
10 for the stimulation of key nerves, muscles, and/or body tissues.
16233} In certain variations, a device is provided which may be utilized to
clectromaguetically stimulate selective nerves, muscles, and/or body tissues, where the
device is user friendly and capable of being used even by an unskilled patient in a home
healthcare setting.

15 {8234} In certain variations, a device 18 provided to electromagnetically stimulate
selective nerves, muscles, and body tissues to provide consistent therapy, with an
ergonomic applicator targeting key nerves and eliminating the requirement for a highly
trained operator to manipulate the device,

6235] In certain variations, an clectromagnetic or magnetic induction system or

20 device may be configured or designed to provide intermittently apphied pulsed magnetic

fields in the treatment of chronic conditions, such as pain. For example, a device as

described herein may provide shorter, intermittent stimulation to treat chronic pain or
other chronie conditions. The delivery of pulsed magnetic fields may have a continued

and lasting effect on nerve function in treating conditions, such as, overactive bladder as
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well as ather chronic nournlogical and orthopedic conditions such as neuropathic pain,
restless legs and orthopedic pain (e.g., spinal pain, back pain, ¢tc.)

8236} In certain variations, intermittent pulsed magnetic fields may be utilized for
the treatment of chronic and acute non-orthopedic conditions such as neuropathic pain,
phantom pain and chronic neuralgias, as well chronic and acute orthopedic conditions,
36 such as back pain and neck pain. The therapeutic magnetic fields may be applied
frequently (e.g., several times a day) or less frequently {(e.g., once a week or once a
month} depending on the durability of the effect for the mdividual patient. Treatment
mvolving the use of magnetic fields does not require surgery or needles to stimulate a

nerve. Also, the deliver of intermittent pulsed magnetic fields prevents the nerve from
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becoming habituated to the stimuldator signal by ensuring that there are periods during
which the nerve is not subjected to the stimulator signal. Accordingly, the
clectromagnetic or magnetic induction systems or devices described herein moay provide
unparafieled ease of use, non-invasivencss, reliabilify of therapy based on sensor
feedback and/or ergonomic targeting, and/or a lack of habituation due to intermittent
stimulation provided by certain systems and devices.

18237} In certain variations, the clectromagnetic or magnetic induction systems or
devices described herein may incorporate an air-cooled coil wherein the air coolant, e.g.,
higuid or air, is drawn through and/or in bebtween the turns of the inductive cotl, n direct
contact with conductive surfaces of the coil. Drawing air or other fluid through the coil
prevents the coil from heating up to the degree that could damage the coil and the
electronics of a device, or expose the patient to excessive teraperatures.

[B8238] In certain variations, the systems and devices described therein may be
utilized to stimulate nerves for a variety of conditions, including, ¢.g., atrophy
prevention, nerve repair/regencration, neuromodulation, chronic pain, up or down
regulation of hormones, restless legs, phantom pain, ete. The systerns and devices may
also be used to stimulate muscles and/or other body tissues to aceelerate tissue healing,
regeneration and/or growth.

8238} In certain variations, the electromagnetic or magnetic induction systems or
devices deseribed herein and other tmplantable or extracorporcal devices may allow for
the automatic adjusting of nerve stimulation based on feedback.

18248] In one variation, an extracorporeal or implantable device, ¢.g., any of the
electromagnetic or magnetic induction devices described herein, a paceraker,
defibrillator, or nerve stinlator, may include a feature that allows for automatic
adjustment of nerve stimulation based on feedback provided by a sensor or user,  This
feature may minimize pain and power usage while ensuring optimal therapy delivery. A
device may include a stimulator and a sensing cormaponent. The stimulator may be
automatically adjustable based on foedback from the sensor up to a maximal (safe)
threshold, Each therapy may start with lower powered pulses, followed by increasing
power polses until the sensor detects stimudation. The algorithm allows for the minimal
amount of power to be used and allows for automatic adjustroent of power settings as
conditions change.

82411 In one variation, an implantable device may include a sensor, such that the

device can stimulale tissue or nerves and sense stiraulation at the same site. For
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example, the sensor may provide feedback to the implantable device regarding nerve
conduction at the site of stimulation. As fibroses develops around an imaplant, at the site
of stimulation, the feedback will mdicate whether a target nerve 1s no longer being
effectively stimulated due to the fibroses, which will cause the power or fevel of
stinmlation to increase or decrease, as is necessary, {o 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 adjustment of the
stimulator power of the device. The device will automatically adjust the stimulator
power or level based on sensing stimulation of the target nerve or tissue, This elimunate
the guesswork involved by the user in monitoring their therapy one day at a time on thewr
own, as they notice the effect of the therapy wear off. This also climinates the risk of the
user being exposed to unnecessarily high power levels that might otherwise by set in
order to minimize frequeont retum visiis to a physician or operator for adjustments.
(8242} Figures 42A and 42 show an example of how the amount of stimulator power
required to achieve a destred stimuhus may be automatically adjusted as a resalt of
fibroses, according to the above described featore. According to Figure 42A, after the
mmitial iraplant of the device, the level of stimulator power 15 increased until stinulation
of the target nerve or tissue is sensed (indicated by square box at, e.g., about 10mV}, An
effective stinmilator therapy may then be delivered. According to Figure 428, after
fibroses sets i, m order o maintain the desired level of stimulation to provide an
cifective stimulator therapy, the level of stimulator power is increased until stimulation
of the target nerve or tissue ig sensed {indicated by square box, e.g., st 20 mV).
According to the example in Figure 42B, the presence of {ibroses required an increase in
the stimulator power level to deliver an effective stimulator therapy.

16243} The automatic adjustrent feature based on sensor feedback may be utilized in
any stimulator or non-stimulator implant or extracorperal device, where the device
meorpotates a sensor capable of detecting the desived stimulus and a feedback loop
capable of automatically adjusting parameters {e.g., power, frequency, ¢ic. ) to ensure
appropriate stimulation.

18244 In certain variations, the clectromagnetic or maguetic induction systems or
devices described hercin and other implantable or extracorporeal devices may melude a
feature that allows for automatic fargeting of coils.

6245] A device may inchide muldtiple inductive coils or one or more movable
mductive cotls. The device may also include a sensor based teedback algorithm. To one
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variation, the device includes a targeting or movable cotl which may be positioned over
or in proximity to a paticnt’s body at a site that clicits a response that can be sensed
automatically ot detected by a user. Once this response is detected, the cotl may either

move 1o its stimulation position, or in the event that a smali targeting coil is used, the
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therapeutic coil may already overlie the treatment area. Once the response is detected,
the therapy may automatically begin,
18246] In one example, relating to the treatment of depression, the motor cortex is
stimnulated until the thumb is seen to move. The coil may then be advanced, e.g., about 5
crn. to about § inches, forward to a position over the frontal cortex. This feature
16 climinates the guesswork that may otherwise be involved in moving or posifioning a cotl,
and automates therapy based on user feedback or EM{ senor or other sensor feedback,
e.g., over a thumb.
(6247} Figure 43A shows an cxaraple of a device 420 positioned on a skull, The
device inchides a treatment coil 422 and a targeting coil 423, The treatment coil 422
15 may be positioned by EMG detection with targeting coil 423 stimulation, where the
targeting coil may not move.
16248 In another variation shown in Figure 438, an ergonomuc fixture or applicator
430 (e.g., a helmet)y may be worn and a coil 432 positioned on the applicator may slide or
move from its targeting posttion to its therapeutic position automatically or by user
20 mtervention.
18249] The feature that allows for automatic targeting of coils may be utilized in any
device designed to stimulate nerve, body or other tissues with stimulator or sub-
stimulator ticlds in which the device may be targeted based on a detectable signal or

TESPONSE,
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182544 Other conditions that may be treated utilizing the various electromagnetic or
magnetic induction stimulation systems and methods deseribed herein inchude but are not
Hirnited to: pelvic pain, interstitial eystitis, fibromyalgia, chronic fatigue and preterm
tabor, pain syndromes, {rritable Bowel Syndrorae, Vulvodynia, Herpetiue neuralgia,
trigeminal neuralgia and Myofascial pain.

36 [92s1] EXAMPLES

16282 The following Examples are provided for tHustration, not linutation. One with
skill in the art would be able to use these examples as guidelines for making and using

comparable devices.

L
O
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[82583] In cach example, intermittent therapy should be applied and symptoms/scores
tracked for a mintmum of & weeks in order to determine the full extent of the therapics
effect.

182544 Exampie 1: Empirical Testing of Efficacy in the Treatment of Neuropathic

(¥4

Pain: The optimal stimulus intensity for neuropathic pain treatment; the optimal
application parameters, 1.e. frequency of stimulation, duration of treatment, location of
stimulator coils in cach disposable array of coils; and the optimal coil
diameter/placement within the stravs can be determined using the following
experimental protocol: Before, during and afier treatment, patients will report scores of
10 neuropathic pain after weekly stimulation over a mininmwuirn of 6 weeks.
1B255] Example 2: Empirical Testing of Efficacy in the Treatment of Neuromuscular
Pain: The efficacy of neuromuscular pain treatment can be tested by monitoring patient
reported pain scores. A standardized scale may be utilized and, when feasible, local
biopsy and blood tests can be useful in determining the mpact of the therapeutic fields
15 oncirculating factors and local mediators. The optimal pulse amplitude, duration, site of
stimulation will be assessed based on reported pain scores and diagnostic tests.
16256] Exampile 3: Empirical Testing of Efficacy in the Treatment of Orthopedic
conditions {(i.e., Arthritis, Back pain and neck pain): The efficacy of arthritis treatment
can be tested by monitoring patient reported functionality scores. A standardized
20 subjective fumctionality scale may be utilized and, when feasible, local biopsy may be
usetul in deternuning the irapact of the therapeutic ficlds on the cartilage and arthritic
regions treated. As cartifage destruction is a well-studied side-effect of arthritis,
reduction of this degeneration will be a valuable marker for efficacy of therapeutic

treatments, The optimal pulse amplitude, duration, site of stinnulation will be assessed

[N
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hased on reported functionality scores and diagnostic tests. Pain scores may also be
measured to determine the deviee’s impact on orthopedic condittons such as back pain,
neck pain, etc. A standardized pain scale may be used betfore and after treatiment to
determine potential benefit,

{6257} It 1s also contemplated that any of the encrgy emitting systems or devices

30 described herein can be used with or without a sensor for detecting conduction of a
stimulated nerve or musele of tissue stimulation resulting from the electromagnetic or
magnetic ficld generated by the conductive coil and delivered to a pationt or an electrical
stimulus delivered to a patient. Also, in any of the above variations, a controller may
opticnally be comnected, coupled, integral to or otherwise in communication with the
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conductive cotls and/or the sensor. Optionally, the sensor may be connected, coupled,
integral to or otherwise in coramunication with the conductive cotl.

16258] In certain variations, transdermal clecirical stinwsation therapy may be
provided to a patient or subject. One or more stimulator electrades may be posifioned
sver a glabrous skin surface overlying a target nerve of the patient.  Electrical
stimulation or an clectrical stinulus may then be dehivered via the stimulator electrode
through or across the glabrous skin surface to the target nerve in the patient, o stinulate
the target nerve. The electrical stimulation may be delivered at a level and in a manner
sufficient to generate motor and/or sensory nerve conduction. For example, the electrieal
stimulation may be dehivered at a frequency of about 5 Hz to about 80 Hez or about 20
HZ or 30 Hz to about 60Hz or greater than 30 Hz, while remaining safe and tolerabie to
the patient. The stimulation may be delivered in a non-invasive manner.

[8259] The stimuilator electrode may be positioned over or on various regions of the
body. In certain variations, the stimulator electrode may be positioned over a palm or
plantar skin surface. For example, the stimmilator electrode may be positionad over a
glabrous skin surface overlying a plantar neyve of the foot, where the electrieal
stimulation may stimulate the plantar nerve. Stimulation of the plantar nerve may resuit
in stinmilation of the tibial nerve to treat various conditions, such as urinary incontinence
sr overactive bladder.

8260} Various types of electrodes may be utilized as a stinnilator electrode, e.g., a
surface electrode, microneedle clectrode, a TENS (franscutancous electrical nerve
stimulation} patch or other clectrode that may be positioned over or on the skin surface.
Optionally, a conductive substance may be injected or implanted near the target nerve o
improve electrical conductivity to the target norve fromn the stimulatory electrode.
Electrical stimulation may be delivered intermittently or on a chronic basis and may
mnclude one or more electrical signals designed to be constructive and/or destructive in
order to improve tissue penetration and/or signal tolerance.

(8261} In certain variations, nerve stimulation resulting from the electrical
stimulation 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 electrical stinudation
thereby providing feedback about the efficacy of the applied clectrical stinmulation
therapy such that the therapy may be adjusted or optimized. The feedback loop may be
gueried such that the electrical stimulation therapy may be adjusted to ensure that the
mininuin amount of energy is being applied to stimuldate the target nerve while reducing

ol Petitioner - Avation Medical, Inc.

Ex. 1044, p. 61



(¥4

10

20

[N
(¥4

Attorney Docket No.: EMKNZG0760US

the risk of burns or intolerance. Optionally, the feedback loop may be queried such that
the positioning of the stimulator clectrode may be adjusted to optimize the electrical
stimulation therapy. Various sensors muay be utilized, including but not fimited to a
urface electrode, a microncedle clecirode, or motion sensor. [In certain variations, the
sensor may detect conduction of motor and/or sensory nerves. For example, a sensor
may detect afferent or efferent nerve stimulation of the target nerve or other nerve or
rolated nerve.
18262 In certain variations, a ground electrade may be uiilized. For example, the
ground electrode may be positioned on the subject to facilitate penetration of an
clectrical current from the stinuilatory electrode through the glabrous surface to stinulate
the target nerve,
8263} In certain variations, a stimulator electrode may be positioned over or
attached to a glabrous skan surface with an adhesive or other form of attachment or
fastener. In other variations, a stinulator electrode may be positioned over or held in
contact with a glabrous skin surface with an ergonomic applicator.
18264 Various applicators for positioning electrodes over various regions of the
hady to deliver electrical stimulation, e.g., transdermal electrical stimulation, may be
wtilized. For cxample, an applicator may be in the form of an insole configured to be
positioned against, over, of in contact with the plantar surface or a glabrous surface of
the foot such that an electrode positioned on the fnsole may deliver electrical stimulation
through or across the glabrous skin surface, to a target nerve or other tissue within the
foot. The insole may be configured to be positioned in an orthotic or a shoe such that
electrical stimulation muay 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 may be positioned to recetve electrical stinwlation
through or across a glabrous skin surface, from the plate, rest or cradle or from electrodes
of the plate, rest or cradle,
[B265] In another variation, an applicator may be a glove, brace or other hand wrap
which is configured o be posttioned 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 a target nerve or
tissue within the hand.
8266] Varigus applicators or ergonomic applicators may be utilized to provide

3

transdermal electrical stinnilation therapy to a subject. In certain variations, an
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applicator may include one or more stimulator electrodes and one or more electrical
pulse generators or controllers. The electrical pulse generator may be coupled to the
stimulator electrode. The clectrical pulse generator may be incorporated info the
applicator. Optionally, the electrical pulse generator may be separate from the applicator
st located remotely from the applicator or stimulator electrode. An applicator may
melude one or more sensor elecirodes contigured to detect nerve stimulation and/or
provide feedback about the efficacy of the applied electrical stimulation therapy. Such
feedback may allow the therapy to be adjusted, modulated and/or optimized. A sensor
may detect motor and/or sensory nerve stimuolation. For example, a sensor may deteet
afferent or efferont nerve stimulation. In cerfain variations, the positioning of the
stimulator electrode may be adjusted based on feedback from the sensor in order fo
optimize the electrical stimulation therapy.

6267} 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
posifioned on the subject at a location that facilitates penetration of an electrical current
through a glabrous surface fo stimulate the target nerve, ¢.g., on the opposite surface of a
body portion relative fo the stimulator electrode.

8268] As stated supra, an applicator may be designed for various portions of the
body. An ergonomic applicator may be in the form of an insole which can be positioned
against or over the plantar surface or a glabrous surtace of the foot such that an electrode
of the insole may deliver electrical stimulation through or across a glabrous surface to a
target nerve within the foot.  The insole may be positioned n an ovthotic or a shoe. An
applicator raay also be in the form of a foot plate, cradle or foot rest. In other variations,
the applicator may be designed to stinmulate a portion of a hand or upper extremity., For
example, an ergonomic applicator in 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 across a glabrous surface to a targe
nerve within the hand.

18369} Any of the various applicators or ergonomic applicators desceribed herein may
he designed or configured fo position or locate one or more stimulator electrodes over or
on a glabrous skin surface of a patient o deliver transdermal electrical stimulation
through or across the glabrous skin surface o an underlying target nerve or other tissue
to stimulate the target nerve or fissue. In ceriain variations, an electrical stimulation or
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stimehus may be delivered at vartous frequencices, ¢.g., at a frequency of about 5 Hz to
about 60 Hz, or greater than 30 Hz, while remaining sate and tolerable to the subject.
16276} In other variations, one or more stimulatory clectrodes may be otherwise
attached to a skin surface, ¢.g., as a wired or wireless patch, adhesive or microneedie
electrode in the absence of an ergonomic applicator, to deliver electrical stimulation
across or through a glabrous skin surface to stimulate an underlying target nerve or
tissue. Such electrodes may be used in combination with one or more ground or sensor
clectrodes. Such stimulatory electrodes may deliver electrical stimulation or an electrical
stimulus at various frequencies, ¢.g., at a frequency of about 5 Hz to about 60 Hz, or
greater than 30 Hz, while remaining safe and tolerable to the subject.

18271 In certain variations an applicator may include two or more stimulator
electrodes or two more stimulator electrodes may be utilized without an applicator.
18272} In certain variations, methods, systems and/or applicators for providing an
energy based stinmulation therapy to a subject are provided. An energy emitting device
may be positioned in proximity fo a glabrous surface overlving a target tissue, Energy
may be delivered from the encrgy emitting device through or across the glabrous skin
surface to the target fissue to stimulate the target tissue, such as a target nerve, Various
encrgy sources or forms of energy may be delivered by the energy emitting device,
mncluding but not Himited to, an electric current, an electromagnetic or magnetic field or
clectromaguetic or magnetic induction stinutlation, ultrasound, or RF fields. Energy may
be delivered at various frequencics, For example, the energy may be delivered at a
frequency of about 5 Hz to about 60 Hz, or greater than 30 Hz, while remaining safe and
tolerable to the subject.

16273} The energy based stimulation therapy may be utilized to treat various
conditions, inchiding but not Hmited to, overactive bladder, urinary incontinence, fecal
meontinence, chronie pain, depression, migraine, epilepsy, obesity, restless leg
syndrome, or foot drop. Energy may be delivered through a glabrous skin surtace o
provide neuromadulation to stimulate other tissue, Tissues that may be stimulated
include but are not limited a central nerve, peripheral nerve, muscle, skin, or vasculature,
Optionally, conductive substance may be implanted or injected near a target Hssue to
improve conductivity to the target tissue.

182744 In one variation, a method for freating urinary incontinence or averactive
bladder in a subject may include one or more of the following steps, a stimulator
electrode, (e.g., tn an applicator or as an adhesive or attachment electrode as described
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above) may be positioned over a glabrous skin surface overlying a plantar nerve or other
nerve in the fool. Aun clecirical stimulation may then be delivered through or across the
glabrous skin surface to the plantar nerve to stimulate the plantar nerve which results in

stimufation of the tibial nerve to treat urinary incontinence or overactive bladder, ¢.g., via

(¥4

stinmlation of the sacral plexus or pudendal nerve,

[8275] In other variations, any of the various electrical stimulation methods and

clectrical stimulator applicators or ¢lecirodes may be utilized o treat any of the

conditions described herein

18276} Tn certain variations, methods, systems and/or applicators for providing an

10 energy based stimulation 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 inchide any of the devices, systems or
applicators described herein and/or tHustrated in any of the various figures 1-49, e.g., an
clectrode or applicator for delivering electrical stimulation or an applicator for providing

15 clectromagnetic or magnetic stinulation or induction therapy. Enecrgy may be delivered
at a frequency of about 1 Hz to about 30 Hz through or across a skin surface (e.g., 8
glabrous skin surface or any other skin surface or non-glabrous skin surtace) to the a
target nerve o generate motor and/or sensory nerve conduction while remaining safe and
tolerable to the subject. In certain variations, energy may be delivered at a frequency of

20 less than 10 Hz to generate motor and/or sensory nerve conduction.

62771 Encrgy delivered tfransdermally, through, or across a patient’s skin at a

frequency from about 1 Hz to about 30 Hz, or at a frequency of less than 10 Hz has

unexpectedly been found to stinulate or generate motor and/or sensory condachion in a

target nerve. For exanple, energy delivered transdermally, through, or across a patienis
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skin at about 1 Hz to about 30 Hz, or at less than 10 Hr has unexpectedly been found to
stinmlate or generate motor and/or sensory nerve conduction of a tibial nerve, where
such level of stimulation may be sufficient to treat a patient suffering from urinary
meontinence, overactive bladder, fecal incontinence ot other conditions. The energy
may be delivered through or across a glabrous skin surface or non-glabrous skin surface
36 orany other skin surface {(e.g., any skin surface overlying a tibial nerve).

16278] Varicous energy sources or forms of energy may be delivered by the energy
emitting device, including but not limited to, an electric current, an electromagnetic or
magnetic ficld, ultrasound, or R¥ fields. The energy based stimulation therapy may be

utilized to treat various conditions, including but not limsited to, overactive bladder,
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grinary incontinence, fecal incontinence, chronic pain, depression, migraine, epilepsy,
obesity, restless leg syndrome, ot foot drop. Energy may be delivered through a glabrous
skin surface or any other skin surface o provide newromodulation to stimulate other
tissue. Tissues that may be stimulated include but are not limited a central nerve,
peripheral nerve, musele, skin, or vasculature. Optionally, conductive substance may
mplanted or injected near a target tissue to improve conductivity to the target tissue.
18279} Figure 44 shows the anatomy of a foot, providing a view of the underside,
sole or plantar or glabrous surface of the foot. The medial and lateral plantar nerves
imnervate the sole of the foot and arise from the posterior branch of the tibial nerve,
/arious stimulator sites for stimulating the plantar nerves or branches thercot may be
focated near, in proximity to or along the plantar nerves. Figure 44 shows onc example
of a stimulator stte S10 located over the glabrous surface of the foot, over the plantar
nerves. A second exemplary stimulator site 512 is also depicted at a location over the
glabrous surface of the foot, over the plantar nerves, distal to the first stimulator site 510,
An energy based stimulus, e.g., an electrical or electromagnetic stimulus, may be
delivered transdermally, through or across a glabrous surface of the foot at one or more
of the stimmlator sites to stimulate the plantar nerves or other nerves in the foot,
18288 In certain variations, electrical stimulation may be delivered transdermally,
through or across a glabrous surface on a subject, ¢.g., through or across a glabrous
surface of the foot or hand. The electnical stinuilation may be sufficient to generate
conduction of motor and/or sensory nerves. An electrical stimulation may be delivered
by placing onc or more electrodes anywhere over or on a glabrous skin surface overlying
one or more farget 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 clectrodes or any other suitable electrode for
delivering an electrical stimuhus. An electrode may be adhered or otherwise attached to a
glabrous surface. Optionally, an electrode moay be held or positioned in contact with, in
proximity o, or over a glabrous surface with 8 wearable garment, cradle, applicator or
body portion rest or support {as described in further detail herein).
[8281] To one variation, clectrical stinudation may be delivered to one or more of the
stimulator sites or similar sites depicted in 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 positioned anywhere on the foot.
For example, the ground electrode moay be posttioned over a posterior or upper surface of
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the foot to encourage or facilitate deeper penetration of the electrical current or
stimulation, through the glabrous surface of the foot, to a plantar nerve or other target
nerve within the foot.

6282} Delivery of electrical stimulation through or across a glabrous surface of the
body via an electrode positioned over a glabrous surface, ¢.g., a glabrous switace on a
palmar or plantar surface, unexpectedly allows for the use of a higher frequency and/or
higher amplitude 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 exarple, an electrical stinuilus having a
frequency of about S He to about 60 Hz (a range found to be effective for generating
motor and/or sensory nerve conduction of the posterior tibial nerve} may be utilized to
stimulate a target nerve (to generate motor and/or sensory nerve conduction therein) or
tissue through or across a glabrous skin surface (via an electrode positioned over the
glabrous skin surface} in a manner that remains safe and tolerable to the patient and
avoids burns or infury. Optionally, an electrical stimutus having a frequency of about 5
Hz to about 60 He, or greater than 30 Hz, may be utilized.

16283] In contrast, utitizing an electrical stimulus having a frequency of about 5 Hz
to about 60 Hz or greater to stimulate a target nerve or tissue through a non-glabrous skin
surface (via an electrade positioned over the non-glabrous skin surface} is intolerable and
painful, resulting in burns or imjury, and thus making such a procedure impractical and
not feasible.

18284 For example, delivering electrical stimulation through a non-glabrous surface
of the body, for example, by stimulating a site overlying a nerve pear the wedial
malleolus to ehicit a motor response of the abductor hallucis longus, generates a paintul
shock to the patient. While at a 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 quickly becomes painfisd and intolerable.

[B285] It is contemplated that other energy sources, for example, an clectromagnetic
or magnetic stimufus having a frequency of about 5 Hz to about 68 Hz, or greater than 30
Hz, may be utitized to simulate a target nerve or tissue through a glabrous swrface in a
manner that remains safe and tolorable to the patient,

18286] Variaus clectrodes and/ar applicators for applying an electrical or other

energy based stimulation to a patient are described herein,
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{8287} Figure 45 shows one variation of an ergonomic insole or shoe applicator for
delivering electrical stimulation over the glabrous surface of a foot. The crgonomic
imsole 520 may include one or more stiraulator electrodes 522 for delivering elecirical

stimufation to a user. The electrode 522 may be attached to or positioned in the

(¥4

ergonomic insole 520, The ergonomic insole 520 may hold or position the stimulator
clectrode 522 against, in contact with, or in proxumity o a glabrous surtace of the foot, to
deliver the electrical stimulation through the glabrous surface to an underlying targe
nerve or tissue.  Optionally, the electrodes may be utilized for providing stimulation,
sensing and/or grounding. In certain vaniations, the electrode moay be attached to one or
16 more wites or may be wireless and/or coupled to an electrical pulse generator or othe
generator or controller and/or may not be attached to or positioned in an ergonomic
insole. Any of the electrodes described herein may be durable, reusable, and/or
disposabie.
{8288} An clectrical pulsc generator 524 or other generator or controller may be
15 coupled to the stimulator electrode 522, The electrical pulse generator 524 may be
incorporated into or attached to the ergonomie msole 520, A ground electrode 526 or
other ground may also be provided. The ground electrode 326 may be attached {o a sivap
or band extending from or attached to the ergonomic insole, an orthotic, shoe, or shoe
applicator or elsewhere on the user’s body. The ground electrode may be attached to one
20 or more wires or may be wireless and/or roay be coupled to the stioulator electrode 522
and/or the pulse generator or controlier. The ground electrode 526 may be positioned
anywhere on the foot. For example, the ground eclectrade 526 may be positioned over a
posterior or upper surface of the foot to encourage or facilitate deeper penetration of the

electrical current or stimulation, through the glabrous surface of the foot, to a plantar
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nerve or other target nerve within the foot,

1288} In certain variations, the electrical pulse generator or controller may be
tocated distant or remotely from an ergonomic insole and the electrode positioned
therein, For example, the clectrical pulse generator may attached clsewhere on the body,
¢.g., attached to a belt, inside a pocket or strapped to the calf or other region of the body.
36 The pulse generator may communicate with or be coupled to the stimulator electrode or
other electrodes via a wire or wirclessly.

18204 In certain variations, the ergonomic insole may be custom built into an

srthotic, shoe applicator or other support for the foot. For example, the ergonomic nsole
; 18 P B
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may be butlt into an orthotic or shoe applicator providing the user with the freedom to
wall around while receiving electrical stinulation therapy.
1201} Other ergonomic applicators, designed for other regions of the body, may be

wtilized for delivering electrical stimulation over various regions of the body. For

(¥4

example, Figure 48 shows a glove, brace or other hand wrap or glove like applicator 550.
The applicator 550 may tuchude one or more stinwsator electrodes 532, 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 electrical stimulation through
or across the glabrous surface, to an underdying target nerve or tissue within the hand. A
16 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 stinmulator and/or ground
electrodes SS2, 556 may be coupled to an electrical pulse generator 554, which may be
positioned n the applicator 350 or at various locations on or away from the patient.
Optionally, a sensor electrode (not shown} may be attached to the patient to detect nerve
15 or other tissue stimulation and to provide feedback regarding the efficacy of the therapy
in order to optimize the therapy. The sensor may be coupled to the electrical pulse
gencrator 554,
18202} In other variations, an applicator may be in the form of a foot or hand plate,
cradle or support. For example, a user may rest or position their bare foot on a foot plate
20 toveceive clectrical stimulation therapy from the plate or from one or more electrodes
attached to the plate. In ancther variation, a user may rest or position the palm of their
hand on a hand platc or support to receive electrical stimulation therapy from the plate or
from one or more electrodes attached to the plate to provide apper extremity stimulation.

1203} Figure 46 shows another variation of an ergonomic insole or shoe applicator

[N
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for delivering electrical stimulation over the glabrous surface of a foot. The ergonomic
msole 530 may inchude one or more electrodes 532 for delivering electrical stimulation
to a user. The electrode 532 may be attached to or positioned in the ergonomic insole
530. The ergonomic insole 20 roay hold or position the electrode 532 against, in contact
with, or in proximity to or over a glabrous surface or plantar surface of the foot, to

30 deliver the electrical stimulation through the glabrous surface to an anderlying target
nerve or tissue, In cortain variations, the clectrode may be attached to one or more wires
or may be wireless and/or may be coupled to an electrical pulse gencrator or other
generator or controller and/or may not be attached to or positioned in an ergonomic
msole.
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(8284} An clectrical pulse generator 534 or other generator or controlier may be
coupled to the stinuiator electrode 532, The electrical pulse generator 534 yoay be
imcorporated into or attached to the ergononuc insole 530. A ground electrode 536 or

-3

other ground may also be provided. The ground electrode 536 may be attached to a strap
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ot band extending from or attached to the ergonomic insole, 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 and/or may be coupled to the stimulator clectrode 532
and/or the pulse generator or controlier. The ground electrode 536 may be positioned
anywhere on the foot. For example, the ground electrode 534 may be positioned over a
16 posterior or upper surface of the foot to encourage or facilitate deeper penetration of the
clectrical current or stimulation, through the glabrous surface of the foot, to a plantar
nerve or other target nerve within the foot,
[8295] In certain variations, the clectrical pulse generator or controller may be
focated distant or remotely from an ergonomic insole and the electrode positioned
15 therein. For example, the clectrical pulse generator may attached elsewhere on the body,
e.g., attached to a 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 wirclessly.
18296] The ergonomic insole 530 may include one or more sensor electrodes. For
20 example, in one variation, as shown in Figure 46, the stimnilator electrode 532 may also
act as a sensor clectrode. The electrode 532 may detect stimulation of the underlying
target nerve, to provide feedback 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
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electrode 532 may provide for automatic adjustment of the treatment parameters or may
guide or allow for manual adjustment of the ireatment parameters in order to optimize
stimulation therapy.  Optionally, an additional sensor electrode 533 may be provided as
well,

162871 In certain variations, one or more separaie or dedicated sensor electrodes may
36 be attached to or positioned n the ergonomic insole to continuously and/or intermitiently
sense the stimulation of a nerve. The ergonomic nsole 330 may hold or position the
sensor clectrode agaimst, in contact with, or in proximity to a glabrous surtace of the foot,
to detect stimulation of the underlying target nerve, to provide feedback regarding the

efficacy of the applied elecinical stinnidation therapy. For example, the sensor electrode
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may detect motor and/or sensory nerve conduction. Dietection of and feedback regarding
nerve stimulation via the sensor electrode may provide for automatic adjustment of the
treatment pararaeters or may guide or allow for mamual adjustment of the freatment
parameters in order to optinize stimulation therapy. The sensor electrode may be
coupled or connected to the clectrical pulse generator, In certain variations, the sensor
clectrode may be attached to one or more wires, may be wireless and/or may be coupled
to a pulse generator and/or may not be atfached to or posifioned in an ergonomic insole,
[8298] A sensor or applicator with a sensor may be capable of sensing stimulation of
a nerve underlying a glabrous surface allowing for manual or automatic feedback to
adjust the parameters of the stimulation or the position of the area being stinusdated in
order to optimize the stimuliator therapy.

8299} 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
clectrode may be positioned proximal to a stimulator electrode, along the nerve
conduction path

183061 In certain varistions, the electrodes may be attached to one or more wires,
may be wireless and/or may be coupled to an electrical pulse generator or other generator
or controller and/or may not be positioned in an applicator or support. For example, one
st more stimulator electrodes may be adhered to or otherwise attached to a glabrous skin
surface of a patient. One or more ground electrodes and/or one or more sensor electrodes
may also be adhered to or otherwise attached fo the patient. The stinwlator electrade,
sensor clectrode and/or ground may be coupled to an clectrical pulse gencrator and/or
cach other using wires or wirclessly. The electrical pulse generator may positioned in
vartous locations or located anywhere on a paticnt. For example, the elecirical pulse
genecrator or controller may be held by a patient, located on a belt or strap worn by the
patient, or positioned in a pocket or pouch on the patient.

{8381} For example, Figure 47 shows one variation of a stinulator electrode 542
attached to a glabrous skin surface of the foot or sole of the foot. A ground electrode 546
may be attached to the foot at ancther location. The stimulator and/or ground clectrodes
542, S46 may be coupled to an clectrical pulse generator 544, 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 544,
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(8302} Figure 49 shows another variation of a stimulator electrode 562 attached io a
glabrous skin surface of the hand or palm of the hand. A ground electrode 566 may be
attached 1o the hand at another location, The stimulator and/or ground electrodes 562,
566 may be coupled to an clectrical 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 1o the pationt 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.

[8383] In certain variations, systems and methods for providing electrostinnulation
(ES) of the posterior tibial nerve in individuals with OAB and Ul via transdermal
clectrical fields, are provided. Various electrodes for delivering the clectrical stimulation
may be ufilized, inchuding but not limited to surface electrodes with and without gel,
microneedle electrodes, and electrodes under strong pressure.

[6304] Electrical stiraulation may be directed to nerves underlying glabrous skin
surfaces of the body {c.g., the palms and soles). Higher levels of power (than what
would be utilized and tolerated on non-glabrous skan surfaces) may be utilized when
delivering electrical stinmlation transdermally, through or across a glabrous skin surtace,
while remaining safe and tolerable. For example, stimulation of the plantar nerves or
sther nerves of the foot via a surface electrode positioned over the glabrous surface of
the plantar surface 1s highly tolerable and results in sensation similar to that found with
needle-based, invasive stimulation of the posterior fihial nerve, but in a non-invagive
M3nner.

8385] Varigus devices or applicators may be applied to the feet and/or hand or other
body portions in order to stimulate nerves underlying glabrous surfaces on an
micrmitient or continuous basis. Electrical stiraulation may be delivered via surface or
microneedle electrodes. Various devices may be used in conjunction with implantable or
injectable substances in order to improve electrical conductivity fo a target nerve. As
described supra, the various mcthods and devices for providing transdermal electrical
stimufation over a glabrous skin surface may be used to freat any disorder that is
mmpacted by neuromodulation including, but not limited to: overactive bladder, urinary
meontinence, fecal incontinence, chronic pain, depression, migraine, epilepsy, obesity,

restless leg, or foot drop.  The methods may be applied either infernuttontly or, if
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necessary, on a chronic basis. A stimulator electrode surface may be held n contact with
a glabrous surface via an adhesive or an ergonomic applicator.
6306} Feedback may be provided to the stimulator to indicate that stimulation is
occurring as intended. This may invelve an eMG type measurement device, a motion
sensor or other sensing device. This feedback loop may be mtermittently 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 intolerance.
18387} In certain variations, the device may include an crgonomic wrap or cradle.
The sensor feedback may allow for optimization of the positioning of electrodes based
on sensor feedback further reducing the visk of burns or fntolerance while increasing the
efficacy of the neuromoduiation,
(83038} The methods and devices deseribed herein may be ulilized to stimulate
various body tissues, jncluding nerve, muscle, skin, vascolature, or any other organ or
tissue within the human body. The methods and devices may be used to treat any
uitable condition or perform any suitable function via neuromodulation regardless of
whether the stimulation source is electromagnetic fields, direct electric current,
ultrasound, or RF fields.
8389 In certain variations, methods, systems and/or devices for performung
neuramodulation and/or low frequency induction therapy through glabrous skin surfaces,
¢.g., through palmar or plantar surfaces, are provided. The methods and system may be
wiilized for treating or proventing various conditions, such as urinary incontinence (U
and/or overactive bladder {CAB).
8316} 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 stimulator electrode of the insole, foot
rest, or foot plate applicator.  Alternatively, a tethered or wired electrode may be used
without an applicator or separate from an applicator. The clectrode may be attached to or
held in contact with the glabrous surface with an adhesive or as a cutaneous paich.
16311 The stimulator electrode may be positioned over the glabrous surface along
the course of a target nerve. The stimulator electrode may be positioned proximal to a
stimulation sife to ensure that afferent nerve stimulation ocours. A ground electrode may
be placed on the body as well. One or more sensing electrodes may be placed alomg the

path of the nerve conduction or motor or sensory impulse, Stimufator and/or sensing
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clectrodes may be connected or coupled to a pulse generator. The pulse generator and
electrodes may be fncorporated or integrated into an insole, foot plate or other applicator.
Alternatively, the electrodes may be connected or coupled o a pulse generator where the
electrodes are not incorporated or integrated into the insole, foot plate or applicator,
8312} Electrical stimulation via the stimulator electrodes may begin at a low
amphitude and may slowly be raroped up or increased until nerve conduction is detected
by the sensor elecirode and/or detected by the patient who may signal that motor
conduction has cocurred, ¢.g., by pressing a button or other indicator.

{8313} Omee stinudation 1s detected, the clecirieal pulses or clectrical stimulation
may continue for the divected duration of use or therapy., Electrical stimulation may be
delivered intermittently to provide intermittent therapy. For cxample, electrical
stinmlation may be delivered for 15-30 minute intervals, In another example, electrical
stimulation may be delivered continuously to provide continuous therapy.

16314} A sensor may remain in place for the duration of the electrical stiraulation
therapy to ensure that stinmalation occurs the entire time or substantially the entire time,
and to allow for correction or adjustment if the signal detericrates. A coniroller for
operating a pulse generator or sensor may be powered by a portable power source (e.g., a
battery) or a fixed power source (e.g., a traditional wall outlet).

18315] In certain variations, the electrical stinmilation may have of a square wave
electric signal at a frequency of about 5 Hz to about 60 Hz at the targeted tissue depth
The square wave configuration of the signal may be generated via Fourier transformation
or may be a ramped current generated in any manner.

18316} The insole, foot rest, or foot plate may be removed from the body when
therapeutic stimmulation is 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 elecirical stimulation therapy my be administered on a daily basis, where
one or more of the above steps are repeated.

18317} Electrical stimulation may be delivered according to any of the vanations
described herein, in a manner such that the stimulation provides motor, sensory and/or
subthreshhold stimulation.  Any of the various energy based stimulation systems
described herein may be utilized to provide therapy in various settings, ¢.g., in home use

or to provide ambulatory type therapics.
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(8318} In certain variations, as described supra, a device, applicator, pad, or
garment e.g., a gel pad or gel pad electrode, may include one or more electrodes, or have
one of more electrodes coupled thereto.  The device apphicator, pad, garment and/or
clectrodes may deliver or provide encrgy, ¢.g., clectrical, magnetic or clectromagnetic,
stinmlation through or across a glabrous skin surface, e.g., a plantar or palmar skin
surface, Pain receptors may be located decp under glabrous skin surfaces (e.g., located
on the foot or on the palm) 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 greafor sirength or for a longer duration because of
the higher tolerance to pain that a patient exhibits at these surtaces or areas.

8319} In addition, the device, applicator, pad and/or electrode may mclude, carry or
be coated with one or more drugs, agents or therapeutic substances. For example, the
applicator or pad 320 or electrode 522, as shown in Figure 45, or the applicator or pad
554 or electrode 552, as shown in Figure 48, may be coated with or otherwise include a
drug or other therapeutic substance. Optionally, one or ywore electrodes may be wtilized
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 mumbing agent. The pain relief drug,
anesthetic or numbing agent may provide the patient with an inereased or improved pain
tolerance or may reduce or climinate the sensation of pain, such that the energy, e.g.,
clectrical stimulation, may be applied 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 clectrode such that the drug or agent is located between the
applicator, pad and/or electrode and the glabrous skin surface of the patient when the
applicator, pad or electrode is applied to the skin, thereby applying the drug to the skin.
The drug or agent may be provided in a slow release form or as a slow release drug or
agent, such that the coating provides a slow release of the drug, agent or active ingredient
into the patient, Any of the applicators, pads, imsoles, gloves, wraps, braces, plates,
platforms, clectrodes and/or other energy delivery devices described herein for delivering
stimulation, ¢.g., through or across a glabrous surface, may be coated with or include a

drug as described above.
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8328} In certain variations, stimulation e¢.g., cnergy stimidation such as
electrical, magnetic or clectromagnetic stimnulation, may be provided through a glabrous
skin surface at parameters that overcome or avoid habttuation of the targeted tissue to the

stimufation. For example, stimulation may be provided, ¢.g., continuously, for 10

(¥4

mimites, where the stimulation is automatically paused or stopped for about a 30 second
mierval every 10 minutes. This mtermitiont pausing or interruption of stimulation may
prevent or overcome habituation of the target tissue, ¢.g., nerve, muscle or other tissue,
to the delivered stimulation.
8321 In one variation, the treatment parameters for stimulating a target nerve or
10 other tissue through a glabrous skin surface, e.g., a plantar or palmar skin surface, may
mchude the following:  Apply electrical or magnetic stimulation for a duration of 30
minutes, pausing for about a 30 second interval after 10 minutes of stimulation and then
again after another 10 minutes of stimulation.  In other variations, the treatroent
paramicters may vary, ©.g., stimulation may be applied for an interval ranging from 0 to
15 104 minutes or greater or as necessary to treat symptoms.  In certain variations, for
example, stimulation may be applied or provided for 20, 40, 50 or 60 mimstes. In
certain variations, for example, the pause in stimulation may be for an inferval ranging
from O to 100 seconds, or 5 to 60 seconds or 20 to 40 seconds.
83221 In another variation, a sensor {¢.g., EMG sensor) may be utilized, which
20 wmay detect signs of habituation, e.g., decreased stimulation or excitation of a target
nerve, rauscle or other tissue {or lack of any resulting stimulation) or a reduced response
to stimufation. Through a feedback loop, detection of habituation or stimulation levels
by the sensor, may automatically cause the stimulator to pause or stop delivery of

stimulation to the target nerve or tissue for a predetermined interval or duration or until

N2
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habituation is no longer detected. In any of the vanations described hercin, the
stinmlation may be paused automatically, mamually or via other controls or via an
electrical pulse generator or controller in a predetermined or preset manner and/or based
on feedback provided by a sensor.

18323 In certain variations, clecirical energy or stinmlation may be applied to

(]
o

glabrous skin surfaces through electrodes, e.g., conductive microneedie patches, needlies,
or other electrodes, or by utilizing any of the devices or applicators described herein.
Various electrodes, devices and/or applicators for providing stimulation may be applied

to plantar or palmar surfaces of a patient. For cxample, if applied to plantar surfaces,
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clectrodes may be applied to one foot or both feet, In cases where the stimulation is
applied to one foot, the other foot may be used as ground, ie., stimulation may be
delivered into one foot and out the other foot. Various conditions may be treated using

the devices, applicators and/or clectrodes and/or the various methods, therapies and

(¥4

treatment parameters described herein, e.g., urinary incontinence, overactive bladder,
eptlepsy, migraines, and depression, etc,
183241 In certain variations, treatment of a patient using electrical stimulation may be
monitored and/or adjusted based on the detection of feedback signals using primarily F-
wave detection or based on the detection of Fowaves or M-waves, e.g., in a foot or hand.
10 For example, detection of an F-wave or F-wave feedback (e.g., via a sensor or elecirode
sensor} may be used in monitoring and/or to adjust the applied stinmlation therapy.
Optionally, stimulation may be ramped up until an F-wave s detected and then adjusted
as necessary. F-wave detection measures nerve conduetion veloeity, F-wave detection
may be used as opposed to H-reflex detection, which measures reflectory reaction from
IS muoscles. In other variations, optionally both F-wave and H-reflex detection may be used
ot solely H-retlex detection may be used. Stimulating to a sub-motor stimulation may be
performed. In cerfain variations, F-waves, M-waves and/or H-reflex may be detected n
the foot, hand or other body part.
11325} Electrical encrgy may be applied or delivered using any of the devices,
20 apphcators or electrodes described herein at specified frequencies and/or parameters or
using various duty cyeles. In one example, clecirical energy may be apphied at a
frequency of 5 Hz to 20 Hz (e.g., to provide supermaximal stimulation) in a train of §
pulses followed by a Y second break, and then another train of § pulses. Up to 1} pulses

per treatment oycle may be provided. The train of 10 pulses can be repeated as needed.

N2
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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 § Hz to 20 Hz or at about 20 Hz. The % sccond
break time may be varied as well as the number of pulses applied and the mumber of
cycles, This pulsed treatment may be applied through one or more or several cycles.
The pulsed treatment or stimulation may produce F-waves which may be detected. In
30 certain variations, any of the treatment parameters as deseribed herein may be applied
where only half of the pulses are stimulatory, e.g., one or more eycles of pulses may be

provided at 20 He, where only half of the pulses are stimulatory.
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[832s6] Certain frequencies, ¢.g., frequencies applied at greater than 20 Hz, may lead
to a painful condition called tetany (i, painful, involuntary muscle cramping), which is
an indication that the upper level for frequency has been reached m the patient. Totany
may be monitored using a sensor, €.g., an EMG sensor or Electromyography, to provide
feedback regarding tetany. Tetany may be distinguished by EMG. Figure 30 shows an
example of an EMG reading showing a gradual increase in the detected level of
stimulation or electrical activity, up to a level where tetany is likely expericnced. Once
the system detects the beginning of tetany or provides tetany feedback, the treatment
frequency or power {of the stimulation delivered by an electrode or deviee) may be
reduced, adjusted or halted avtomatically or manually., The frequency at which tetany s
experienced may vary in different individuals.

183271 In one variation, a treatment device or applicator for delivering energy, ¢.2.,
electrical energy, may mnclude a platform with one or more microneedles, micronecdle
electrode, or other electrodes positioned upon the platform. Microneedles may vary in
fength to penctrate different layers of the skin, e.g., to penetrate a callus on the skin. A
patient may place their foot upon the platform fo receive treatment.  Optionally, a
separate strap having a feedback/monttoring clecirode or electrode sensor may be
wrapped over the foot to place or position a foedback/monitoring clectrode on the
patient. The strap and feedback electrode or electrode sensor may be coupled to the
platforma or be separate.  In asother variation, the stinudatory electrode may be
posifioned in a shoe, sock or glove of a patient. In certain variations, a TENS clectrode
or stimulator may be utilized.

[8328] Detection of stimulation, excitation, or conduction using a sensor may
provide informuation fo optimize or adjust the applied therapy. I no or reduced
stimulation, cxcitation, clectrical activity, response, F-waves, and/or EMG 1s detected
during treatment, this may be indicative of a mis-positioned foot, palm or other body part
relative to the one or more electrodes or the device or applicator.

16329 Various conditions may be treated using the devices, applicators and/or
electrodes and/or the various methods, therapies and treatment parameters for providing
stinmlation as described above, ¢.g., urinary incontinence, overactive bladder, epilepsy,

migraines, and depression, eic.
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18338} In certain variations, clectrical, electromagnetic, magnetic encrgy and/or other
energy may be utilized to provide stimulation according to any of the systems and/or
methods described above,

168331 Each of the ndividual variations described and illustrated herein has discrete

(¥4

components and features which may be readily separated from or combined with the
foatures of any of the other variations. Modifications may be made to adapt a particular
situation, material, composifion of matter, process, process act(s) or step(s} to the
objective(s), spirit or scope of the present invention.
18332] Methods recited herein may be carried out i any order of the recited events
16 which is logically possible, as well as the recited order of events. Furthermore, where a
range of values is provided, every intervening value between the upper and lower fimit of
that range and any other stated or intervening value in that stated range is encompassed
within the mmvention. Also, any optional feature of the inventive variations described
may be set forth and claimed independently, or in combination with any one or more of
15 the features described herein.

183334 All existing

7

subject matter mentioned herein {(e.g., publications, patents,
patent applications and hardware) is incorporated by reforence herein in s entirety
except insofar as the subject matter may contlict with that of the present invention {in
which case what is present herein shall prevail). The referenced items are provided

20 solely for their disclosure prior to the filing date of the present application. Nothing
herein is to be construed as an admission that the present invention is not entitied to
antedate such material by virtue of prior invention,
18334} Reference to a singular item, includes the possibility that there are ploral of

the same tfoms present, More specifically, as used herein and in the appended claims,
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the singular forms “a,” “an,” “said” and “the” include plural referents unless the context
clearly dictates otherwise. Itis further noted that the claims may be drafted to exclude
any optional eloment. As such, this staterment is intended to serve as antecedent basis for
use of such exclustve terminology as “solely,” “only” and the like in conncction with the
recitation of claim elements, or use of a “negative” limitation. Unless defined otherwise,
36 all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this mvention belongs.

16335} This disclosure is not intended to be fimited to the scope of the particular
forms set forth, but is intended to cover alternatives, modifications, and equivalents of

the variations deseribed herein, Further, the scope of the disclosure fully encompasses
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other variations that may become obvious to those skilled in the art in view of this

disclosure. The scope of the present invention is limited only by the appended claims.
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CLAIMS
What is claimed is:

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

positioning a stimulatory electrode over a glabrous skin surface overlying a targe
nerve; and

delivering electrical stimulation through the glabrous skin surface to the target

nerve to stimulate the target nerve.

2. The method of claim 1, wherein the electrical stimulation ig delivered at a
frequency of about S Hz to about 60 Hz, while remaining safe and tolerable to the

subject.

3. The method of claim |, wheren the stimulator electrode is positioned

over a palm or plantar skin surface.

4. The method of claim 1, wherein the stimulator electrode is positioned
over a glabrous skin surface overlying a plantar nerve of the foot and the electrical

stimulation stimmlates the plantar nerve.

3. The method of claim 4, wherein stimulation of the plantar nerve results in

stimulation of the tibial nerve to treat urinary incontinence or overactive bladder,

6. The method of claim 1, wherein the stimulator electrode is a surface

electrode or microneedle electrode.

7. The method of claim 1, further comprising implanting or injecting a
conductive substance near the target nerve to improve electrical conductivity to the target

nerve,

B, The method of claim 1, wherein the electrical stimulation is delivered

imtermittently or on a chronic basis,
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9. The method of claim 1, further comprising:

detecting nerve stimnulation via at least one sensor positioned on the subject;

recetving a signal from the sensor indicative of the detected electrical stimulation
thereby providing feedback about the efficacy of the applied clectrical stimulation

therapy such that the therapy may be adjusted or optimized.

1 The method of claim 9, wherein the feedback loop is queried such that the
clectrical stimulation therapy may be adjusted to ensure that the minimum amount of
energy 1s being applied to stimoulate the target nerve while reducing the tisk of bums or

mtolerance.

11, The method of claim 9, wherein the feedback loop is queried such that the
positioning of the stimulator electrode may be adjusted to optimize the electrical

stimulation therapy.

12, The method of claim 9, wherein the sensor is selected from the group

consisting of a surface electrode, microneedle electrode, or motion sensor.

13. The methed of claim 9, wheretn afferent nerve stimulation is detected.

14. The method of claim 1, further comprising positioning a ground electrode
on the subject to facilitate penetration of an electrical current through the glabrous

surface to stimulate the target nerve.

15. The method of claim 1, wherein the stimulator electrode is attached to the

glabrous skin surface with an adhesive.

16. The method of claim |, wherein the stimulator electrode is positioned

over the glabrous skin surface with an ergonomic applicator,

17. The mcthod of claim 16, wherein the applicator is an insole configured to
be positioned against the plantar surface of the foot such that the electrode may deliver

electrical stimulation to a target nerve within the foot.
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18. The method of claim 17, wherein the inscle 8 configured to be positioned
in an orthotic or a shoe such that electrical stimnulation may be delivered to the subject

while the subject 15 walking.

5 19 The method of claim 16, wherein the applicator is a foot plate or foot rest.
28 The method of claim 16, wherein the applicator is a glove or brace
configured to be positioned against the palmar surface of a hand such that the electrode
may deliver electrical stimulation to a target nerve within the hand.
10

21, An ergonomic applicator for providing transdermal clectrical stimulation
therapy o a subject comprising:
one or more stimulator electrodes, wherein the applicator is configured to
position the stimulator electrode over a glabrous skin surface of the subject to deliver
15 transdermal electrical stimulation through the glabrous skin surface to an underlying

target nerve to stimulate the target nerve,

22, The applicator of claim 21, wherein the electrical stinwiation is delivered
at a frequency of about 5 Hz to about 60 Hz, while remaining safe and tolerable to the

203 subject

23. The applicator of claim 21, turther comprising an clectrical pulse

generator, wherein the electrical pulse generator is coupled to the stimulator electrode.

e
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24, The applicator of claim 23, wherein the clectrical pulse generator is
mcorporated into the applicator or located remotely from the applicator or stimulator

slectrode.

25, The applicator of claim 21, further comprising a sensor electrode
36 contfigured to detect nerve stimulation and provide feedback about the efficacy of the

applied electrical stimulation therapy such that the therapy may be adjusted or optimized.

26. The applicator of claim 25, wherein the sensor is configured to detect

afferent nerve stimulation.
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27. The applicator of claim 25, wherein the positioning of the stimulator
clectrode may be adjusted to optimize the electrical stimulation therapy based on

feedback from the sensor.

5
28, The applicator of claim 21, further comprising a ground electrode
configured to be positioned on the subject to facilitate penetration of an electrical current
through the glabrous surface to stimulate the target nerve.
10 249, The applicator of claim 21, wherein the applicator is an insole configured

to be positioned against the plantar surface of the foot such that the electrode may deliver

electrical stimulation to a target nerve within the foot.

30, The applicator of claim 29, wherein the insole is configured to be
15 positioned in an orthotic or a shoe such that electrical stimulation may be delivered to the

subject while the subject 1s walking.

31 The applicator of claim 21, wherein the applicator is a foot plate or foot
rest,
20
32 The applicator of claim 21, wherein the applicator is a glove or brace
configured to be positioned against the palmar surface of a hand such that the ¢lectrode
may deliver electrical stimulation to a target nerve within the hand.
25 33, A mcthod for providing an energy based stirnulation therapy to

a subject comprising:

posifioning an energy enutting device in proximity to a glabrous surface
overlying a target tissue; and

delivering energy through the glabrous skin surface to the target tissue to

36 stimuolate the target tissue.

34, The method of claim 33, wherein the energy is delivered at a frequency of
about 5 Hz to 60 Hz, or greater than 30 Hz, while remaining safe and tolerable to the

subject.
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35, The method of claim 33, wherein the delivered energy includes one or
more of the following: an electric current, an electromagnetic ficld, ultrasound, ot RF

ficlds.

36, The method of claim 33, wherein the energy based stimulation therapy is
utilized to treat one or more of the following conditions: overactive bladder, urinary
incontinence, fecal incontinence, chronic pain, depression, migraine, eptiepsy, obesity,
reatless leg syndrome, or foot drop.

37 The method of claim 33, wherein energy is delivered through the glabrous

skin surface to provide neuromodulation,

38, The method of claim 33, wherein the target tissue inciudes one or more of

the following: a central novve, peripheral nerve, muscle, skin, or vasculature,

39, The method of claim 33, further comprising iraplanting or injecting a

conductive substance near the farget tissue fo improve conductivity to the target tissue,

40. A method for treating urinary jncontinence or overactive bladderin a
subject comprising:

positioning a stimulator clectrode over a glabrous skin surface overlying a plantar
nerve in the foot; and

delivering electrical stimulation through the glabrous skin surface to the plantar
nerve to stimulate the plantar nerve which results in stimulation of the tibial nerves to

treat urinary incontinence or overactive bladder.

4. A method for providing an energy based stimulation therapy to a subject,
comprising:

positioning an energy emitting device i proximity to a skin surface overlying a
target nerve; and

delivering energy at a frequency ot about 1 Hz to about 30 Hz through the skin
surface to the target nerve, thereby gencrating motor and/or sensory nerve conduction of
the target nerve while remaining safe and tolerable to the subject.

55 Petitioner - Avation Medical, Inc.
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42, The method of claim 41, wherein the energy 15 delivered at a frequency of

fess than 10 He,

(¥4

43. The method of claim 41, wherein the delivered energy includes one or
maore of the following: an electric current, an electromagnetic field, ulivasound, or RF

fields,

44, The method of claim 41, wherein the energy based stimulation therapy is
10 untlized 1o treat one or more of the following conditions: overactive bladder, urinary
mcontinence, fecal incontinence, chronic pain, depression, migraine, epiiepsy, obesity,

restless leg syndrome, or foot drop.

45, The method of claim 41, wherein the target tissue includes one or more of

15 the following: a central nevve, peripheral nerve, muscle, skin, or vasculature,

46, The mcthod of claim 1, wherein the applicator and/or one or more

electrodes are coated with a pain relief drug
20 47, The method of claim §, wheren the elecirical stimulation is
automatically paused for a preset amount of time every 10 mimutes {o overcome

habituation.

48, The method of claim 1, wherein the electrical stimulation is

[N
(¥4

automatically paused for a preset amount of time cvery 1{} minutes based on feedback

provided by a sensor regarding target nerve stimulation or habituation,

49, The method of claim |, wherein foedback signals are provided based on
F-wave detection such that the electrical stimulation may be monitored or adjusted based

3¢ on the F-wave detection.

50. The method of claim 1, wherein once tetany is detected in a patient,
indicating that a threshold frequency of the applied stimulation has been reached, the
strength of the applied stinuilation 18 automatically or reanually decreased.
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51. The method of claim |, wherein electrical stimuilation is provided by
delivering a cyele comprising a preset number of pulses followed by a pause in

stimulation, followed by a preset number of pulses, and repeating the cycle as necessary.

52. The applicator of claim 21, wherein the applicator and/or one or

maore electrodes are coated with a pain relief drug

53. The applicator of clair 21, wherein the electrical shimulation is
automatically paused for a preset arnount of time every 10 minutes to overcome

habituation.

54. The applicator of claim 21, wherein the electrical stimulation is
automatically paused for a preset amount of time every 10 mimutes based on feedback

provided by a sensor regarding farget nevve stinmuiation or habituation,

535, The applicator of claim 21, further comprising a sensor configured for F-
wave detection, wherein the sensor provides feedback signals based on F-wave detection

such that the electrical stimulation may be monitored or adjusted.

56. The apphcator of claim 21, further comprising a sensor configured to
detect tetany in a patient, indicating that a threshold frequency of the applied stimulation
2 k > o J
has been reached, such that the strength of the applied stimulation is automatically or

manually decreased.

57. The applicator of claim 21, wherein the applicator is configured to
provide clectrical stimlation by delivering a cycle comprising a preset number of pulses
followed by a pause in stimulation, followed by a preset nuraber of puises, and repeating

the cycle as necessary.

X
~k
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ABSTRACT OF THE DISCLOSURE

Various methods and devices for providing transdermal electrical stimulation
therapy to a patient are provided. In certain variations, a method may mclude
positioning a stimulator electrode over a glabrous skin surface overlying a target nerve of
a subject. Electrical stimulation may be delivered through or across the glabrous skin
surface o the target nerve to stivaulate the target nerve, while remaining safe and
tolerable to the patient. Electrical stimulation may be delivered at frequencies that may
be painful 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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