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METHOD AND APPARATUS FOR TRANSDERMAL STIMULATION OVER
THE PALMAR AND PLANTAR SURFACES
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60/848,720 filed October 2, 206; and 12/509,304 filed July 24, 2009, now abandoned,
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Application Serial No, 60/848,720 filed October 2, 2006; and 12/509,345 filed fuly 24,
2009, now abandoned, which is a continuation of U.S. Patent Applcation Serial No.
12/508,529 filed July 23, 2009 which is a continuation-in-part of U8, Pateat Application
Serial No. 11/866,328 filed October 2, 2007, now abandoned, which claims priority to

ULS. Provisional Patent Application Serial No. 60/848,720 filed Oetober 2, 2006,

FIELD OF THE INVENTION
JR83] The present apparatus and methods relate generally (o energy emitting
apparatus and methods for providing & medical therapy. The apparatus and methods may

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

therapies
BACKGROUND
{6604) The OAB and Ul market in the Ungied States s well over 2 $12 billion a

year industry. It affects over 16% of all Americans, for a total U5, market of
approximately 34 million men and women each year. Due fo social stigmas attached fo
QAR and U1, as well as musunderstanding of the signs and syroptoms associated with
AR and UL only 40% of those affected (13.6M) seek treatment, Of those 13.6 million
individuals, nearly 30% are unsatisfied with their carrent therapy.

HIHERY The use of pulsed electromaguetic stmulation (PES) has been well
cstablished as a beneficial therapy in a variety of medical applications. The scientific
principle behind this technology is that an electrie current passed through a coil will
generate an clectromaguetic fickd. These fields, in turn, have been shown to induce
current within conductive materials placed within the field. When apphed to the human
body, pulsed electromagnetic stimulation has been found {o be an effective method of
stimulating nerves resting within the electromagnetic field. Recent data highlighis the
beneficial effects of invasive, needle-based electrostimulation (ES) of the posterior tibial
nerve i fndividoals with OAB and UL ES has been found to modulate bladder
dysfimetion through its action on the pudendal nerve and the sacral plexus which
provides the major excitatory input to the bladder.

{8806 Current treatment options for OAB and U are exercise and behavioral

modifications, pharmacological therapies, surgical mtervention, and neuromodulation.

]
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Although cach of these treatment options targets the Ul and OAB populations, each has
severe himitations.

{0871 Exercise and behavioral modifications often require patients to adherc to
stringent routines, inchuding scheduoled voiding, mwaintenance of a bladder diary, and
mitense exercise reghments. While this may be a viable option for a small group of highly
dedicated individuals, its daily irapact on one’s life makes it an unattractive option for
most individuals.

{B48] Pharmacological intervention is the most widely prescribed therapy for
OAB and Ul Unfortunately, as with the mgestion of any chemical, patients are often
subject to side offccts from their drog therapy. This is especially detrimental in older and
elderly patient populations where interaction with other preseribed medications can have
adverse effects. Faorther, there 18 a high rate of dissatisfaction, approximately 30%,
amongst individuals using pharmacological treatrent,

{60069] Surgical mtervention is an extremely invasive treatment and often results
n the long-term, and in some cases permanent, requirement {or catheterization. The high
expense of these procedures, coupled with the negative tmpact the procedures have on
the patiends quality of life, make this an option only when all other treatment options
have been exhausted.

{68101 Newromeodulation is another treatment alternative for OAB and Ul
patients. Sacral nerve stimulation (SNS) has shown itself to be an effective treatment
option for those with OAR or UL However, the procedure requives the permanent
mmplantation of an electrical stimulation device in the patient. Oune estimate puts the cost
at nearly $14,000 with additional routine care costs of $593 per patient per year,
Additionally, SNS’s risk of battery fatlure, ioplant infection, and electrode migration,
lead to a high reoperation rate and roake this procedure unattractive.

{8811} More recently, the introduction of a posterior tinal nerve stimulator, often
referred to as SANS, has shown iiself to be another neuwromodulation alternative. Yet as
is the case with other forms of neuromodulation, this system is mvasive in ifs nature. It
requires the msertion of a needle two inches into the patient’s ankle region in order to
stiridate the posterior tibial nerve. As well, it requires a minimum of 12 sessions for
initial treatment, with the possibility of additional sessions needed for maintenance.
Despite its high cost and nvasive nature, though, an abundance of published peer-

reviewed clinical trials demonstrate the safety and efficacy of the SANS therapy.

(%)
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SUMMARY
{0812} In certain variations, a method for providing transdermal electrical
stinwdation therapy to a patient s provided. The method may include positioning a
stimidator 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 to the
target nerve to stimulate the target nerve, while remaining safe and tolerable to the
patient. Blectrical stimulation may be delivered at frequencies that moay be painfid or
mtolerable when applied over non-glabrous surfaces of the body. The electrical
stimulation may be utilized to treat various conditions, e.g., urinary incontinence and
overactive bladder.
{0013) In certain vanations, an apphicator, e.g., an evgonomice apphicator, for
providing transdermal elecirical stimulation therapy 1o 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 stiroulation through or across the
glabrous skan surface o an underlying target nerve, resalting in stimulation of the target
nerve.
10014] In certain variations, a raethod for providing an energy based stiraulation
therapy to a subject is provided. The method may tochude positioning an energy erifting
device in proximity to a glabrous surface overlying a target tissue. Energy may be
delivered through the glabrous skin surface to the target tissue fo stimulate the targe
tissue.
{B015] In certain variations, anocther method for providing an energy based
stinulation therapy to a subject is proved. The roethod may include positioning an
cnergy emitiing device n proximity to a skin surface overlying a target nerve. Encrgy
may be delivered at a frequency of about | Hz to about 30 Hz through the skin surface to
the target nerve, thereby generating motor and/or sensory nevve conduction of the target
nerve while remaining safe and tolerable to the subject. Optionally, energy may be
delivered at less than 10 Hz 1o generate nerve conduction.
{3016} In certain variations, systems for electromagnetic induction therapy may

include one or more conductive coils disposed within or along an applicator. The coils

PCT/US2014/025718
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may be configured 1o generate a magnetic field focused on a target nerve, muscle or
other body tissues in proximity to the coil. One or more sensors may be utilized to detect
clectrical conduction in the farget nerve, to detect a rouscudar response caused by an
electrical conduction m the target nerve, or to detect stmulation of a nerve, muscle

other body tissaes and to provide feedback about the efficacy of the apphied
clectromagnetic induction therapy. A countroller in coramunication with the sensor may
be adjustable to vary a current through the at least one coil so as 1o adjust the magnetic
field focused upon the target nerve, muscle or other body tssues. Optionally, a user or
patient may detect stimuolation of 8 nerve, muscle or body tissue and the therapy may be
adjusted based on feedback from the user or patient.

{00171 in certain variations, the applicator may be configured o intermitiently
apply or deliver pulsed magnetic fields to a target nerve, mwuscle or tissue without
causing habituation of the target nerve, muscle or tissue.

EMHSE In certain variations, methods of clectromagnetic induction therapy may
nelude one or more of the following steps. A first portion of a patient’s body may be
positioned relative to or in proximity to an applicator or an applicator may be positioned
relative 1o or in proximity o a first portion of a patient’s body, such that a target nerve,

muscle or tissue within the fivst portion of the body is in proxamily o one or more
conductive cotls disposed within or along the applicator. A current may be passed
through a coil to generate a magnetic ficld focused on the target nerve, muscle or tissue.
An clectrical conduction through the target nerve, a muscular response caused by an
clectrical conduction through the target nerve or stimulation of a nerve, muscle, or body
tissue may be detected By a sensor positioned along a second portion of the bedy.
signal from the sensor indicative of the electrical conduction or stimulation may be
received, which provides feedback about the efficacy of the apphied electromagnetic
mduction therapy. The current may be adjusted by a controller in communication with
the conductive coils based on the feedback.

{6019 Optionally, a user may detect stimulation of a nerve, muscie or body
fissue and the therapy may be adjusted based on feedback from the user. In certain
variations, pulsed magnetic fields may be intermittently applied or delivered a target
nerve, muscle or tissue without causing habituation of the target nerve, muscle or tissue,
Such interroittent magnetic fields may be used to treat chronic conditions, e.g., chromie

pain, without causing habituation.

n
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{B628] In certain variations, applicators may be ergonomic or may be designed or
configured to accommodate, approximate or be positioned relative {o or in proximity (o
specific regions of the body or anatormy. The specific regions of the body or anatomy

may be positioned relative to the applicators, ot the applicators may be positioned

2

or

[

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

{621} Other features and advantages will appear heremafter. The features and
clements described herein can be used separately or together, or in varicus combinations

of one or more of them.

BRIEF DESCRIPTION OF THE DRAWINGS
{06022} The drawings constitute a part of this specification and include exemplary
embodiments of the invention, which may be embodied in various forms. It is to be
understood that in some mstances various aspects of the erobodiments may be shown
exaggerated or enlarged to faciiitate an understanding of the embodiments.
{0231 FIG. 1 is a schematic view of an apparatus for maguoetic induction therapy
accordmg (o a frst variation.
{0024} FIG. 2 is a schematic view of an apparatus for magnpetic induction therapy
according 1o a second variation.
{0025] FIG. 3 is a schematic view of an apparatus for magnetic induction therapy
according to a third variation.
{3026} FIG. 4 1s a schematic view of an apparatus for maguoetic induction therapy
according to a fourth variation.
{00271 FIG. 5 18 a schematic view of an apparatus for maguoetic induction therapy
according to a {ifth variation.
{0028} FIGS. 6A-6D are schematic tHustrations depicting a {irst method of use of
an apparatus for magnetic induction therapy. This method is based on adjusting the
position of the conductive coils so to optimize a magnetic How applied to a target nerve.
{6629} FIGS. 7A-7D are schematic ilfustrations of a second method of use of an
apparatus for magnetic induction therapy. This method is based on locking the
conductive cotls in position once electrical conduction in a target nerve has been

detected.



WO 2014/151431 PCT/US2014/025718

14

30

LHIRTE FIG. € 45 a schematic view of a variation that includes a plurality of
Sensors.
{031 FIGR. 9A-91) are schematic representations of differcnt garments adapted

{0 operate as apparatus for magnetic induction therapy.

{032} FIG. 11} 18 a schematic view of an apparatus for providing electrical
stinwlation.

{6633 FIG. 11 5 a schematic view of another variation of an apparatus for
providing electrical stinmndation.

{3034} FIG. 12 shows a schematic view of an energy emiiting system including a

microncedle patch sensor.

{88351 FIG. 13-15 shows magnified botiom views of variations of microneedle
patches.

{6836} FIGS. 16-17 shows magnified side views of variations of a microneedle
patch.

{0037) FIG. 18 shows a magnified bottom perspective view of a microneedle
patch.

{0838] FIG. 19 shows a representative cross sectional view of the skin composed

of an outer stratum corneum covering the epidermal and dermal layers of skin and the
underlying subcutancous fissue, with a vanation of a8 microneedle patch attached therete.
{3039] FIG. 20a shows a magnified side view of a variation of a microneedie
patch including raultiple electrodes.

(040 FIG. 20b-20D show varfations of a microneedle patches jncluding
mudtiple electrodes.

{3041 FiG. 21 shows a schematic view of an energy emiiting system including a
microneedle patch sensor placed behind a subject’s knee.

{0042} FIGS. 22-23 show schematic views of energy emitting systems including
an clectrode needlc and sensor.

0043} FIGS. 24-25 show schematic views of coergy emitiing systerns including
an electrode needle without a sensor.

(44} FIG. 26 shows a schematic view of an energy emitting systemn including a
microneedle pateh for providing stimulation.

{00451 FEGS. 27-28 show schematic views of energy emitting systens including

an electrode needle and microneedle patch for providing stimuilation.

-~
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3846} FIG. 28a-29d show a prospective, side, top and rear views of an energy
emiiting device in the form of a foot cradle.

{30471 FEGS 30a-30b show schematic views of an energy emitting device in the
form of a knee support.

{048} FIGs. 31a-31b shows a schematic view of a variation of an arm applcator

and a foot, knee or leg applicator,

{6049] FIG. 32 shows a schematic view of a variation of a back apphcator,
RS FIG. 33 shows a schematlic view of a vaniation of a system including a

back applicator, a sensor and logic controHer.

[pBs1] FIG. 34 shows a schematic view of system tnchuding multiple back
applicators, a sensor and logic controller.

{88521 FIG. 35 shows a schematic view of a variation of a system including a
back applicator held on a patient’s bedy by an ergonomic positioning element in the
form of a belt and a logic controller,

{3053] FIG. 36 shows a schematic view of a vaniation of an applicator designed

to stimulate a nerve responsible for phantom or newropathic pain.

{38544 FiG. 37 shows a schematic view of a variation of a facial neuralgia
applicator.
{BOSS] FIG. 38 shows a schematic view of a variation of an applicator which may

bie placed over the vccipital nerve for the treatiment of migraines.

(056} FIG. 36 shows a schematic view of a vartation of an applicator which may
be placed over the frontal cortex for the ireatment of depression.

{3857} FIG. 40 shows a schematic view of a vartation an apphcator in the form of
a stimulator coil platform for positioning onc or more coils in proximity to a knee or
pophiteal nerve.

{058 FIG. 41 shows a schematic view of a system including a variation of'a
back applicator held on a patient’s bedy by an ergonomic positioning element in the

form of a shoulder hamness, a sensor, and a logic controlier.

{(059] Figures 424 and 428 show an example of how the amount of stironlator

power reguired to achieve a destred stimulos may be astomatically adjusied as a result of

fibroses,
{00601 Figares 43A and 438 show variations of a coil device positioned on a
skult.

PCT/US2014/025718
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and exeroplary sites for delivering electrical stirufation.

862 Figure 45 shows a perspective view of onge variation of an insole for
delivering electrical stimulation over a glabrous surface of the foot,

{0083} Figure 46 shows a perspective view of a variation of an insole for
delivering clectrical stinmlation over a glabrous surface of the foot, including a sensor
feedback feature.

{B64] Figure 47 shows a perspective view of one vanation of electrodes for
delivering electrical stimulation over a glabrous surface of a foot,

{3865] Figure 48 shows a perspective view of one variation of a hand applicator
for delivering electrical stimoulation over a glabrous surface of a hand.

{3086} Figure 49 shows a perspective view of one variation of electrodes for
delivering clecirical stimulation over a glabrous surface of a hand.

10067} Figure 50 shows an example of an EMG reading.

BETAILED DESCRIPTION
[R068] n cerfain variations, various apparatus and methods for providing
magnetic induction therapy or electrical stinndation therapy are provided. o certain
variations, varisus apparatus and methods may provide for central and peripheral nerve
and other tissue modulation or stimulation therapies, inchuding both excitation and
blocking of nerve impulses. In certain variations, a low frequency tnduction therapy may
be performed. In certain variations, these apparatus and methods may be useful 1o the
treatment and prevention of wrinary incontinence (UT), overactive biadder (OAB) and
other conditions.
{0069 in certain variations, apparatus and methods for magnetic mduction
therapy, m which dosage of magnetic energy can be reguolated according to conduction in
a target nerve exposed to the magnetic ficld are provided.
{60701 In certain variations, apparatus and methods for magnetic induoction
therapy, 1o which the flow of magnetic energy can be adjusted directionally by the
patient or a healthcare provider without altering the position of 4 housing containing
conductive cotls that produce the magnetic field are provided.
{0071} in certain variations, apparatus and methods for treating 4 variety of

ailments by providing energy to 4 target nerve, for example magnetic energy, electrical
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energy or ultrasound energy, at a location and in an amount optimized by detecting
conduction in the target nerve are provided.

{0072 {n certain variations, an energy emitting apparatus for delivering a
medical therapy that includes one or more energy generators, a logic controller
electrically connected to the one or more energy generators, and one or more sensors for
detecting electric conduction in a target nerve, which are connected to the fogic
controller is provided. The one or mote encrgy generators produce encrgy focused on the
target nerve upon receiving a signal from the logic controller, and the applied energy 18
varied by the logic coniroler according to an taput provided by the one or more sensors
based on electric conduction in the target nerve. The feedback provided by the sensors to
the logic controller about the efficacy of the applied treatment causes the logic controller
to modulate the carrent transmitted o the cotls.

{0073} The applied energy may be a magnetic field, an electrical ficld, an
ultrasound, a visible Hght, or an jufrared or an uliraviolet energy. When a magnetic ficld
is applied, the energy-cmutting device 1s an apparatus that provides a mwagnetic induction
therapy and that includes one or more conductive cotls disposed in an ergonomic
housing. A logic controlier 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 logic
corntroller so to provide a feedback to the logic controller. The condactive coils receive
an clectric current from the logic controller and produce a maguetic ficld focused ona
target nerve, and the electric current fed by the logic controller is varied by the logic
controller according to an nput provided by the sensors, thereby causing amplitude,
frequency or direction of the magnetic field, or the firing sequence of the one or more
coils, 1o be varied according to the efficiency of the treatroent provided to the target
nerve. In certain vaniations, the housing containing the conductive cotls may be a flexible
wrap, a cradle or a garment, and the coils may be overlapping and/or be disposed in
different positions within the housing, so to generate a magnetic field on different body
paris with the destred direction and amplitude.

{0074 The one or more coils may be stationary or movable within the housing,
making 1t possible o optimize the direction of magnetic flow to 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 knob, lever, or sinilar type of actuator, or may be
transtated automatically by the logic controler in response to the nput provided by the

sensors. When a preferred position for the coils has been established, the coils may be

16
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Iocked n position and maintain that position during successive therapy sessions. In other
variations, the sensors may be mcorporated within the housing, or instead may be
disposed on & body part of interest mdependently of the housing.

{3075 in still other vanations, the inductive coils are disposed in a housing that
1s situated externally 1o a patient’s body, and additional inductive coils are fmplanted into
the body of the patient and are magoetically coupled to the external inductive cotis. With
this cott arrangeraent, energy may be transmitied from the external cotls to the internal
coils either to recharge or to activate an implantable device. In yvet other variations, the
electric current may varied by the logic controlier both on the basis of an input provided
by the one or more sensors and also an input provided by the patient according fo a
muscular response she has perceived, for example, the twitching of a toe afier application
of the magnetic ficld.

{06076} In yet other variations, the source of energy for nerve stimulation may be
clectrical encrgy and nerve conduction may be detected at a site sufficiently distant from

rad
£
H

the stte of stimulation, so fo enable detection of nerve conduction despite any
interference from the direct elecirical stimuli. In these variations, direct electrical
stiraulation of nerve and muscle may be tatlored to provide optimal therapy and, in the

rad
£
H

case of electrode mugration or other electrode malfunction, to report lack of stimulation
of the bodily tissues. Furthermore, these variations enable a reduction in power
requirement, because control of the signal is provided by the sensor o the signal
generator loop.

{0677) In other variations, an energy enutiing systern for providing a medical
therapy 1s provided. The system may inchude one or more conductive coils disposed
within or along a housing and configured fo generate a maguetic ficld focused on a target
nerve i proximity to coils; one or more sensors in the form of microneedle pate
configured to detect electrical conduction in the target nerve; and 4 controller coupled to
the conductive coils and optionally in cornmunication with the sensor.

{B078] In other variations, an energy coutiing systern for providing a medical

9
¥
H

therapy is provided. The system may inchude one or more microneedle patches having
one or more microneedle arrays deposited on a surface of one or more electrodes and
configured to gencerate or deliver an clecirical or magnetic stirnulus or field focused on a
target nerve in proximity to the micronecdle paich; one or more sensors configured to
detect electrical conduction in the target nerve; and a controller coupled to the

conduetive coils and optionally in communication with the sensor. Optionally, the above

I

PCT/US2014/025718



WO 2014/151431

14

30

variations may incorporate an electrode needle. Optionally, the above variations or
systems may be utitized without a sensor or mechanism for detecting conduction or
stimulation.

{0079 Methods of use of the above apparatus, systems and variations thereof for
reating various conditions are also deseribed herein.

{H080] Referring first to FIG. 1, a first variation includes a coil wrap 20, which is
depicted as disposed over ankie 22 circumferentially o surround a portion of tibial nerve
24. Because tibial nerve 24 13 targeted, this variation s particudarly suited for the
treatment of OAB and VL In other variations, coil wrap 20 may be configured (o
surround other body parts that contain a portion of tibial nerve 24 or of other nerves
branching from or conmected to tibial nerve 24, still roaking these variations switable for
treating OAB and VL In still other variations, cotl wrap 20 may be configured for
surrounding body parts that contain other nerves when treatments of other atlments are
intended.

{081 Coil wrap 20 may be mavulactured from a variety of materials suitable
for wearing over ankle 22. Preferably, coil wrap is prodoced from a soft, body-
compatible material, natural or syuthetic, for exaraple, cotton, wool, polyester, rayon,
Gore-Tex®, or other {ibers or materials known 1o a person skilled in the art as non-
nritating and preferably breathable when tatlored 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 comtfort to the patient by providing a soft and drapable fecl Additionally, coil wrap
20 may be produced from a single layer of material or from nudtiple material layers and
may inciude padding or other filling between the layers.

{3083 Cotil wrap 20 contains one or more conductive cotls 26 arranged to
produce a pulsed magoetic field that will flow across tibial nerve 24 and generate a
curvent 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. Ceils 26 may be a single coil
shaped in a simople helical pattern or as a figure cight cotl, a four leaf clover coil, a
Helmboliz coil, a modified Helmbioltz codl, or may be shaped as a combination of the
atorementioned coils paﬁems. Additionally, other coil designs beyond those mentioned
hereinabove might be utilized as long as a2 magnetic field is developed that will
encompass tibial nerve 24 or any other target nerve. When a plurality of coils s utihzed,

such coils may be disposed on a single side of ankle 22, or may be disposed on more
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than one side, for example, on opposing sides, strengthening and directionalizing the
flow of the magnetic ficld through tibial nerve 24 or other peripheral nerves of inferest.
[RO83] Cotl wrap 20 is preforably configured as an ergonomic wrap, for example,
as an essentially cylindrical band that can be pulled over ankie 22, or as an open band
that can be wrapped around ankle 22 and have its ends commected with a buckle, a hoop
and loop system, or any other closing system known to a person skilled in the art. By
properly adjusting the position of coil wrap 20 over ankle 22, a paticnt or a health care
provider may optimize the flow of the magnetic field through tibial nerve 24, based on
system feedback or on sensory perceptions of the patient, as described in greater detail
below,
{3084 The electric current that produces the magnetic field by flowing through
coils 26 is sapplied by a programmable logic controller 28, which is comnected to coils
26, for example, with a power cord 32. A sensor 30 that feeds information to logic
controtler 28 is also provided, in order to tailor the strength of the magnetic ficld and
control activation of coils 26 based on nerve conduction. The purpose of sensor 30 1s to
detect and record the {iring of the target nerve and 1o provide related information o logic
controller 28, so to render the intonded therapy most effective. For example, sensor input
may cause logic controller 28 to alter the strength or pulse amplitude of the roagnetic
field based on sensor input, or fire the coils in a certain sequence.
HEERRY In this variation, as well as in the other variations described hereinafter,
sensor 30 may inchide onc or more sensor patches and may be placed at different
distances {rom the region of direct exposure to the magnetic field. For example, sensor
30 may be configured as a voltage or current detector in the form of an EXG pateh and
may be placed anywhere in the vicinity of the target nerve to detect its activation. For
ease of description, the term "coils” will be used hereinafier to mdicate "one or more
coils” and "sensor” to indicate "one or more sensors,” unless specified otherwise.
{0886} By virtue of the above described arrangement, coil wrap 20 provides a
reproducibly correct level of stimulation during an initial therapy session and during
successive therapy sessions, because the presence or absence of nerve conduction is
detected and, i some variations, measured when coil wrap 20 1s first fitted and fine-
tuned on the patient. In addition to properly modulating the applied magnetic ficld, the
positioning of coils 26 over ankle 22 moay also be tatlored according to the mput provided
by sensor 38, so to fine-tune the direction of the magnetic field. Soch an adjustment of

the direction, amplitude, and level of the stimulation provided to the target nerve through
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the above described antomated feedback loop, (o ensure that peripheral nerve conduction
is being achieved, is one of the key features.
{887 {fthe magnetic pulse docs not substantially interfere with sensor 30,
sensor 30 may be placed divectly within the field of stimulation, so that power supphied
to the system may be conserved. This is particularly important for battery-powered
systems. Alternatively, sensor 30 may alse be placed at a distance from the magnetic
field and still properly detect neural stimulation.
{BO88] In a method of use of coil wrap 20, the amphitude and/or firing sequence
of coils 26 may be ramped up progressively, so that the magnetic {ield is ncreased in
strength and/or breadth until nerve conduction is detected, after which the applied
stiroulus is adjusted or maintamed at 1ts current level for the remainder of the therapy.
The level of stimulation may be also contrelied 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 stimulation, in particular, an excessive
level of muscular stinndation. To 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 patiend will then continue pressing the button or keep the knob
n the rotated position until she can no longer feel her toe twitching or paresthesia m her
foot, mdicating that that level of applied stimulation corresponds to an optimal therapy
fevel. From that point on, the patient may be instructed to simply retain her foot, knee, or
other Hmb within cotl wrap 20 untif therapy has been terminated while the system is kept
at the optivaal level. Adding paticot input enables control of coil wrap 20 during
wutpatient reatments, because the patient 1s now able to adjost the intensity of the
magnetic field herself beyond the signals provided to logic controller 28 by sensor 30
LS Detectmyg and, if the case, measuring conduction n one or more nerves
along the condoction pathways of the stimulated nerve confirms that the target nevve has
been stimulated, providing an accurate assessment of the efficiency of the applied
therapy oun the patient. A concomitant detection of nuiscle contraction may also confirm
that the target nerve 1s bemg stimulated and provide an indication o the patient orto a
healthcare provider as to whether stimulation has been applied at an excessive level m
view of the anatorical and physiological characteristics of the patient.
{00906 Based on the foregoing, coil wrap 20 allows for a consistent, user-friendly
targeting and modolation of the peripheral nerves via the postertor tibial nerve on an

culpationt basis, in particular, the targeting and modulation of the pudendal nerve and of
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the sacral plexus, When multiple coils 26 ave present, coils 26 may be activated
simultaneously or differentially to generate the desived magnetic ficld. The direction and
location of each of coils 26 may be reversibly or irreversibly adjusted by the healtheare
provider or by the patient, customizing the location of the applied stimulation to the
anatomy and therapy needs of each patient. After a healtheare provider has optimized
position and firing sequence for cach of coils 26, the patient may be sent horae with coil
wrap 20 adjusted to consistently target the desired nerve. In one variant of the present
variation, an aulomatic feedback system adiusts one or more of fiving sequence, firing
strength or position of coils 26 within coil wrap 20 during the initial setup and also
during successive therapy sessions.

{0091 In summary, certain variations fnclude the creation of a loop consisting of
feeding information on nerve conduction to logic controller 28 and on logic controller 28
tatloring the electrical current sent to coil wrap 20 according to the information received
from sensor 26 based on whether or not the nerve is receiving the desired stimuiation
and, in some variations, the desired amount of stinndation. This arrangement offers an
unparalleled level of therapy control and flexibility within a home care setting, because a
consistent, repeatable stimulation of the target nerve can be attained. Aside from
adjusting the position of coils 26 m accordance with the patient's anatomy and
physiological variations, controlling pulse amplitude s also of great importance even
during different therapy sessions with the same patient. For exarople, a patient with leg
cderoa will encounter difficultics in properly adjusting coil wrap 20 based on whether her
legs and ankles are swollen or not swollen, and the power required to penetrate to
posterior tibial nerve 24 {in the case of a VI therapy) will vary greaily due to the variable
depth of the nerve. Thus, having feedback provided by sensor 26 becomes a necessity for
achieving an accurate dosage of the treatment rather than an option. Benchtop testing has
demonstrated that a system consirucied as deseribed herein is capable of non-invasively
generating clectrical currents similar to those found in therapeutic electro-stimulation and
to do so in different settings.

10092} Referring now to FIG. 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 Helholtz coils 40 are
disposed within coil wrap 34 to creaie a more narrowly directed magnetic field over
tibtal nerve 38. Like in the ali other variations deseribed herein, more than one coil (in

the present variation, more than one Helmholtz coif 40) may be placed within coil wrap
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34 and be disposed in different positions within coil wrap 34, n order to optimize
magnetic flux over tibial nerve. For example, two Helmholtz coils may be disposed one
opposite to the other within coil wrap 34.

{0093} Having coil windings arranged along a conunon longitudinal axis, as
required in a Hehmboltz coil configuration, generates a more focused magnetic field and
a more accurate targeting of tibial nerve 38 or of any other nerve. Like in the previous
variation, the operation of coils 40 is controlled by alogic controller 42, which s in tum
connected to sensor 44 that monilors conduction in tibial nerve 44 and that generates a
feedback to logic controller 42 about the efficiency of the therapy in progress. Therefore,
like in the previous varation, the couphing of sensor 44 with logic controller 42
optinizes operation of coil wrap 34 according to results measured at the level of tibial
nerve 38. Also like in the previous variation, manual adjustments to the parameters of
clectric current provided by logic controller 42 to Helmholtz coil 40 may also be made
manually by the patient or by a healtheare provider, and coil wrap 34 may be siructured
so that the position of Helmbolte coil 40 within coil wrap 34 s adjusted as desired either
mamially by the patient or by a healtheare provider, or antomatically by logic controlier
42.

{88944 Referring now to FIG. 3, a third vaniation includes a coil wrap 46
configured for wrapping over the popliteal fossa of a patient, in the region of the knee, to
stinwlate the posterior tibial nerve {not shown}. The configuration and structure of coil
wrap 46 reflect the body portion covered by coil wrap 46, but the key system
components of cotl wrap 46, such as the type, number and disposition of the coils (for
exarple, the use of overlapping coils); the comnections of the coils with a logic
controller; and the use of one or more sensors (also not shown} 1o detect nerve
conduction arve all comparable to those in the previously described variations.

[8885] Referring now to FIG. 4, a fourth vanation inchides a footrest or foot
cradle 48, which is structured to contain at least a portion of a foot 58. One or more cotls
52 are enclosed within cradie 48, and a sensor 54 is disposed along the pathway of tibial
nerve 55, sensing conduction in fibial nerve 55, and 1s also connected fo a logic
controller 56. Coils 52, sensor 54 and logic controlier 56 may be arranged in different
configurations, in the same raanner as in the preceding variations.

{0096 Cradle 48 may be roade from 4 variety of materials and may be
monatithic, or have a hollow or semi-hollow structure (o enable the movement of cotls

52 within cradic 48, as described in greater detail below. Preferably, cradle 48 has an
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ergonomically design allowing the ankle and heel of the patient to be retained within
cradle 4¥, in a position that matches the positions of stimulating coils 52 to the arca of
stirnulation. The desigo of cradie 48 provides for a particularly comfortable detivery of
therapy 1o patients that prefer to remain seated during their therapy, and enables the
patient to perform the required thevapy 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
that event, the patient will be trained 1o apply sensor 54 autonomously and o adjust
stimuddation to a comforiable level

{38971 FIG. 4 shows coils 52 disposed as overlapping and the use of a single
sensor patch 54 positioned proxiraally to the stirouiation site. However, coil 52 may be
configured as a single coil, a figure eight coil, a four leal clover cotl, a Hebuholtz coil, a
modified Helmholtz coil or a any combination of the aforementioned coils, or as any
other coif design providing an effective stiraulation to the target nerve. fn addition, coils
32 may be fired individually, sequentially or simultanconsly according to the feedback
provided by sensor 54,

{3898} In one variant of this vanation, sensor 54 may include a conductive
clectrode patch that provides a feedback to logic controller 56 for adjusting, if necessary,
the stimudation parameters of coils 52, Aliematively, sensor 54 may be a seosor paich
that 15 either applied to the skin of the patient or 1s incorporated within the stracture of
cradle 48.

{6059] Referring now to FIG. 5, a fifth variation includes a knee rest or knee
cradie 58 that contatns one ot more conductive coils 60, one or more sensors 62 and a
logic controller 64. The components of this variation are similar to those described with
reference 1o the preceding variations, as regards the steacture and materials of cradie 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 is configured 1o target the
pophical fossa of the patient, thus to target tibial nerve 66. In that respect, the present
variation is similar to the variation dlustrated in FIG. 3, but while the variation of FIG. 3
is configured as a wrap that may be worn while the patient is standing, the present
variation is configured as a cradie that 1s more suited for ireatment while the patient is
sitting or laying down.

{31 884 A method of use of the foot cradle depicted in FIG. 4 i3 described with

reference to FIGS. 6A-6D. During a fivst step illustrated in FIG. 6A, foot 68 is disposed
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in cradie 70 that contains one or more conductive coils 72, which are connected to a

] ;
1

legic controller (not shown} that manages the flow of electric power o coils 72
161 During a second step illustrated 1o FIG. 68, a sensor 74 is disposed on foot 68
or on ankle 76 or on another appropriate portion of the patient's body, in order to detect
conductivity in tibial nerve 78 or in another target nerve.

{6183} During a third step iflustrated in FIG. 6C, a healthcare provider analyzes
conductivity measurements provided by sensor 74 (for example, by reading gauge 77)
and first adjusts the positioning of coils 72 until conduction i nerve 78 1s detected. For
example, the healthcare provider may rotate a knob 80, slide a lever or actuate any other
displacement system for coils 72 that is known in the art, so that cotls 72 are translated
until a magnetic field of the proper amplitude and mtensity 1s apphied to cause
conduction i nerve 78. The position of coils 72 1s then fine-tuned manually until an
optimal level of condaction in nerve 78 is attained, and the therapy is continued for a
fength of time as prescribed by the attending healtheare provider,

{163] During a fowrth, optional step illustrated in FIG. 6D, settings for successive
therapy sessions are set, for example by locking knob 88 (in one variation, with a pin 813
so that the healthcare provider or the patient repeat the therapy using the predetermined
settings. Alternatively, the patient may be trained to adjust the amphiude and/or strength
of the applied magnetic field, as cach therapy session requires.

{0164} While the present method has been deseribed with regard to oot cradle 70,
the same method steps may be covisioned for coil wraps or cradics of different
configurations, for exaraple, for the coil wraps and cradles deseribed with reference to
the previous figures.

[R5 in an alternative variation, the logic controller {not shown) may avtomatically
adjust coil positioning to optimize therapy during the intial and successive sessions,
While this set-up may be more difficult to implement, it also provides for an accurate
targeting of the target norve during each therapy session, regardless of alierations in
patient positioning o7 changes o the anatoroy of the patient (for example, when a foot is
swollen). In this varation, the device simply varies the orientation of cotls 84 unnl
stirmiation has been sensed.

{0186] Further, coils 84 may be translated along a single direction (for example,
horizontally} or along a plurality of directions, 1o provide for the most accurate

positioning of coils 84 with respect to the target nerve.
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{8187} A second method of use of the foot cradle depicted in FIG. 4 is described now
with reference to FIG. 7. While this second method is also described with reference to a
foot cradle 82 cmploying one or more coils 84 that have a reversibly lockabie, adjustable
orientation, the present method may be equally implemented with a body-worn coil

wrap, such as those described with reference to the previcus figures, or to other
variations. In this method, the patient or the healthcare provider adjusts the positioming of
coils 84 to detect conductivity in farget nerve 89,

{B188] The position of coils 84 may be transiated in different divections (in the
iHustrated variation, may be translated horizontally’ and may be locked in an inifial

posifion once conduction in nerve 89 is detected by a sensor (for example, sensing patch

86},
{0189 More particularly, FIG. 7A lustrates the initial posttioning of foot 88 mito

cradle 82 and of sensor patch 86 on ankle 90 or other appropriate body part of the
patient. After proper posttioning of foot 88 i3 attained, a kuob 92 (or other equivalent
device) may be employed to adjust the position of coils 84, based on the signals (for
exarple, nerve conduction signals) provided by sensor patch 86, as shown in FIG. 7B.
{14 With reference to FiG. 7C, after neural conduction is detected, coils 84 are
tocked i place, and, with further reforence to FIG. 71, foot cradle 82 retaing coils 84
focked i position for Ruther use in a home or healtheare office environment. Therefore,
in the present method, the patient or a healtheare provider simply adjusts coil position by
sliding coils 84 back and along one axis until cleciric conduction in the target verve is
detected, although adjustments along all three axes moay be possible 1o different variants
of the present variation.

811y Referring now to FIG. 8, a sixth variation relates to the use of multiple

sensors. While FIG. 8 depicts a variation shaped as a foot eradie 98, it should be
understood that the following description also relates to any other design, whether
shaped as a cradie or a wrap or otherwise. The plurality of sensors 94 described herein
may detect a variety of physiclogic changes, including neural impulses, muscular
contrachion, twitching, ete. that may oceur with neural or muscular stimulation.

{3112} Omne or more of the lustrated sensors 94 may be employed over body regions
being stimulated (for example, back, leg, arm, neck, head, torso, etc.) and may be gither
mecorporated within an actual cradle or wrap or, otherwise, be apphed separately from the

cradle or the wrap.
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{3113} Sensors 94 may be structured as disposable, single-use, EKG-type patches
that are attached to the body outside of cradle 9% 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
mfection or other detrimental side effects that may be present with transcutaneous
devices. Sensors 94 may be emaployed both for beginning and for monitoring the
stimwlation therapy; more specifically, scusors 94 may be employed during the
beginning of the therapy to optimize the strength of the magnetic field and/or to adjust
the positioning of coils 96 within the cradie 98, Once therapy has begun, sensors 94
continue to monitor nerve conduction fo ensure that the correct fevel of stimulation is
being provided. In the event that for some reason nerve conduction decays during
therapy, the logic controller can astomatically adjust the magnetic field, ensuring that the
appropriate therapy is delivered for the appropriate amount of time.

{0114 {ne or more of sensors 94 in this variation, or any of the variations described
herein, may take the form of an induetive coil designed to receive impulses from the
underlying nerves, so that inductive technologies may be used to both stimulate the nerve
or fissucs as well as to record the effect of the stiaulation on nerves or fissucs. Any of
sensors 94 moay be connected to the logic controller through one or more connection
modes, inchuding, but not Hmited to, wiveless signals, wired signals, radio frequencies,
Blugtooth, infrared, nlirasound, direct switching of the corrent ciroutt, ¢tc., 5o long ag
conununication between the sensor and the device is effective.

{0115] During troplementation of the present method, a healtheare provider may
simply elect to use sensors 94 to adjust the device, for example, to lock coils 86 into
posifion, during the first therapy session and not require the use of sensors 94 during
each successive therapy session.

{8116 Referring now to FIGR, 8A-9D, there are shown different, non-Hmiting
variations shaped as body wom ergonomic appHceator garmuents. Each of these variations
is shown with overlapping coils, although coils of any configurations may be used. Each
of the wraps of FIGS. 9A-903 corresponds to a coil wrap, into which a body part may be
placed. These garments contain one or more sensors (not shown) that provide feedback
to a logic controdler {alse not shown), or sensors may be apphicd separately from those
garroents. Systems moay also be included for reversibly or ireversibly locking the coils

within the applicator.
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embedded in a knee wrap 102 and are connected to a logic controller (not shown) by a
connector 104, FIG. 98 instead iHustrates a variation, in which coils 106 are disposed
within an abdominal garment, for example shorts 108 and in which coils 106 are also
connected to a logic controller (not shown} by a connector 110, A marking 112 may be
added on one side of shorts 108 {o indicate wrap orientation. FIG. 2C illustrates a coil
wrap shaped like a band 114, in which coils 116 are connected to a logic controller (not
shown} by a conmector 118, When this variation is employed, band 1 14 may be wrapped
around a body portion {for example, an arm} and be refained 1 place by a system known
in the art, for example, a hook and loop system, a strap and buckle system, or stoply a
hook disposed at one end of band 114 for engaging fabric ot other material in another
portion of band 114, FIG. 9D ilhustrates 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
one o more points, for example, at the joint between an arra and a shoulder as shown.
Each of these variations inchides one or ore sensors {not shown) that may be coupled to
the garment, or that may be applied separately from the garment.

{0118 Other variations that are not illustrated include, bur are not limited to: a head
wotn garment, such as a cap; a neck worn garment, such as a neck brace; and a lower-
back garment. Each garment and applcator may also atilize the locking, targeting coil
feature described previously, without requiring the use of the any sensing components
after a proper positioning of the coils in relation o the target nerve or nerves has been
established.

{8119 St other variations are depicted in FIGS. 10 and 11, In these variations, the
source of energy for nerve stimulation 15 clectrical energy that is dispensed through a
percutaneous stinuidator, such as a percutancous needle 124, or a transcutancous
stimulator, such as an electrode 126, As shown i FIG. 16, an electrical pulse controller
128 is ¢lectrically connected both to percutancous noedle 124 and o sensor 134, to
provide the desired feedback and modulate the power o percutancous needie 134, Inthe
variation of FIG. 11, electrical pulse controller 130 is conmected both to electrode 126
and to sensor 136, and performs a funetion stmilar to that of electrical pulse controler
128, With these variations, nerve conduction may be detected at a site sufficiently distant
from the site of stimuilation, so to enable detection of nerve conduction despite the
confounding interference from the divect electrical stimvali, Forther, direct electrical

stimulation of nerve and muscle may be tailored to provide optimal therapy and, in the
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case of electrode migration or other electrode malfunetion, to report fack of stimulation
of the bodily tissues. Still further, these variations enable a reduction in power
requirement, because control of the siganal is provided by the sensor to the signal
generator loop.

{0120] As shown, a device construcied according to the principles described herein
provides a targeted and precise stimulation of the posterior tibial nerve, or of other
peripheral nerves, in & non-mvasive manner by employing an ergonomic wrap or cradie
that specifically targets the posterior tibial nerve in a consistent and repeatable manner.
For exarmple, in patienis with OAB or VL, the novel, reversibly lockable movement of the
coils and the use of 2 logic controller -sensor loop enables the application of a magnetic
field that can be varied i location, aropiitude and sirength according 1o 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 stimulation, ncluding low frequencies, high frequencies, mid
frequencies and ultrahigh frequencies, and overlapping sud non-overlapping coils may
be used to generate the destred field, although overlapping or Helmholtz coils ave
preferred due to their ability to target a broader region and achicve more thorough
stimulation.

{121} Ailmenis that may be treated through the use of apparatus and methods ag
described herein include not only OAB and VI, but also obesity, depression, urinary
mcontinence, fecal mcontinence, hypertension, pain, back pain, restless leg svudrome,
Guillain Barre syndrome, quadriplegia, pavaplegia, diabetic polyneuropthy, dyskinesias,
paresthesias, dental procedure pain, knee osteoarthritis, anesthesia (pain relief doring
surgery), Alzheimer's discase, angina (chest pain from heart discase), ankylosing
spondylits, back pain, bum pain, cancer pain, chronie pam, dysmenorthea (painful
menstruation), headache, hemiplegia, hemiparesis {paralysis on one side of the body),
Iabor pain, local anesthesia during gallstone lithotripsy, facial pain, rigeminal neuralgia,
bruxism (tooth grinding) pain, myofascial pamn, pregnancy-related nausea or vomiting,
neck and shoulder pain, pain from broken bones, 1ib fracture or acute trauma, diabetic
peripheral neuropathy, phantom Hrb pain, post-herpetic neuralgia {pain after shingles),
postoperative ileus (bowel obstroction), irritable bowel syndrome, postoperative nausea
or vomiting, postoperative pain, post-stroke rehabilitation, rheumatoid arthnitig, skin
ulcers, spinal cord injfury, temporomandibular joint pain, detrasor instability, spinal

rouscular afrophy (in children), pain during hysteroscopy, gasiroparesis, chronic
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obstructive pubmonary disease rehabilitation, carpal tunnel syndrome, soft tissue injury,
multiple sclerosis, intermittent claudication, attention-deficit hyperactivity disorder
{ADHD), cognitive tmpaitment, kuec replacement pain, achalasia, atopic eczema,
bursitis, carpal tumnel syndrome, dementia, depression, dry roouth, dystonta, enhaneed
blood flow in the brain, enhanced blood perfusion of the uterus and placenta, esophagesl
spasin, fibromyalgia, fracture pain, Guillain-Barre syndrome, hemophibia, herpes, hip
pain, interstitial cystitis, irritable bowel syndrome, pruritis, joint pain, labor induction,
Iocal ancsthesia, menstrual cramps, muscle cramps, muscle spasticity, muscle strain or
pain, musculoskeletal travma, myofascial pain dysfunction syndrome, nerve damage,
osteoarthritis, pain medication adjunct, pancreatitis, Raynaud's phenomenon, repetitive
stram njuries, sacral pam, schizophremia, shingles, shoulder subluxation, sickle cell
anemia pain, Skin fap ischemia (during plastic surgery), sphincter of Oddi disorders,
sports injuries, thrombophlichitis, tinnitus {(ringing in the car), restless legs, tremor,
whiplash and neuralgias. In contrast o implantable nevve stimulators, this therapy is
completely non-invasive and does not require a major surgery to implant a permanent
nerve stimudation device. Moreover, this therapy can be controlled to optimize the level
of therapy delivered according o power consuwmption and nerve stimulation
requirements and need not be debivered by a professional healtheare provider.

{0123} In other variations, neural stimulation may be apphied as electrical
transcutaneous stirudation, for example, by inserting an invasive electrical needle mito a
target body part and by modulating stimulation is modulated on the basis of information
sent back to the logic controller from the one or more sensors that are used to detect
and/or maintain the correct level of stimulation. The transcutaneous electrical stimulation
sensor may be placed 1o the body independently or be Incorporated within the wrap and
may provide, among other things, feedback as o the quality of the electrical connection
to the skin, which 1s directly velated to the burn risk inherently associated with this type
of therapy. In fact, these methods of stimulation may not be optimnal duc to the resulting
skin irritation and risk of potential burns, a very serious issue in the large percentage of
patients that have neuropathies. Even when patches are applicd to momtor
transcutanecus stimolation very closely, the patches may still become displaced and
allow a burn to occur. Morcover, potentially interfering clectrical impulses may develop
at the treatment site, creating & noisy eovironment for the detection of nerve conduction.
{81231 In still other variations, an external coil or coils may be inductively connected

to an implanted coil or cotls may be utihized. In these variations, an ergonomic applicator
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may be adjusted by the vser or by a healtheare provider such to optimnize inductive power
transnssion between the external and implanted coils. One or more sensors may be
utilized to provide a feedback that the relative coil positions have been optimized, and
the external coil may then be reversibly locked into position within the ergonomic
applicator. Two applications of this variation relate to the transfer of power to recharge
an mmplantable device, and to the transfer of power (o activate an implantable device.
10124] 1o the first application, when an implantable rechargeable device is uiihized,
the external cotls may be used for recharging the fmplanted device by means of inductive
fields generated by the external cotls. The external coils may include circuitry that
determines the amount of resistance encountered by the magnetic field or other clectrical
properties related to the quality and degree of the magnetic coupling that is being
established. Based on this feedback, the position of the external coils may be adjusted
manvally or antomatically to optimize the coupling achieved with during each recharging
session. Alternatively, a sensor may be incorporated into the tmplantable device and may
communicate the degree and quality of the magnetic coupling to the external coils and/or
the connected circuitry via wireless communication, providing a feedback for the
automatic or manual adiustment of the external recharging coils,

{0125] The cotls within the ergonomic applicator may be reversibly locked nto place
for the duration of the recharge session, and the implantable device may also
conumutcate to the external recharging unit that the implantable device has been fully
recharged, teroinating the recharging session has been cornpleted. By providing for an
mtermittent recharging of an implanted device, an apparatus according as described
herein enables the tmplantable device to devole more power to performing its intended
function optimally and with a lesser concern about protecting or extending battery life.
{0126} In the second application, the powering coils may contam circuitry to
determine the amount of resistance encountered by the apphed magnetic field, or other
clectrical properties that may refiect the quality and degree of the magnetic coupling that
is being achieved. Based on this feedback, the powering cotls in the applicator may be
adjusted manually or automatically to activate and optimize the coil coupling at the
beginning of each therapy session. Alternatively, a sensor may be incorporated into the
irnplantable device and commmunicate the degree and guality of the magnetic coupling
externally via wireless communication, which may in turn provide feedback for the

automatic or manual adiustment of the powering coil. In one variant of the present
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variation, the inductive coils may be magnetically coupled to a needle targeting the
posterior tibial nerve.

{0271 An cxemplary method of use of an apparatus as described herein on a patient
suffering from VIand/or OAB includes the following steps:

{B128] The patient places a conductive wrap contained within a flexible material
over a region of the ankle (or aliernatively over the knee) to provide the required pulsed

g vest or cradie

o

magnetic ficld. Alternatively, the patient may use an ergonomic foot/le
having embedded coils.

0§29} A sensor {for example, 3 sensor patch) is placed on the patient’s body along
the path of the nerve, ideally proximal to the stimulation site to cosure afferent nerve
stimoulation, and is connected to a logie controller

{0130] A physician or healthcare provider adjusts the coils in the wrap or cradle
until nerve conduction is achieved based on patient and sensor fecdback. An optimal
position is sought, and the coils may be reversibly locked info position within the
conductive wrap or ergononuc eradle and reroain in this position during subseguent use.
{3131} Durmg the therapy session, the logic controller provides an electric corrent t
the coils, generating an foductive magoetic field. In one variation, this {icld begins at low
amplitude and slowly ramps up until nerve conduction exceeds a threshold level, as
signaled by the sensor and possibly by the patient, who may feel motor conduction.
Alternatively, one or more cotls may also be activated to increase the covered area of
stinudation 1 the cvent that stiroulation does not occur with the initial coil configuration
or is inadequate

{3132} The optimal stimulation may be determined in a variety of manners, for
example, by measuring exposure to clectromagnetic fields capable of generating a square
wave clecirie signal at a frequency of 10-30 Hz at the targeted tissue depth. The square
wave configuration of the signal may be generated via Fourier transformation or may be
a ramped current generated in any manner,

10133 The inductive magnctic pulses continue for an appropriate duration of use, for
exarople, for 15-30 minutes. The sensor may remain in place during the entire therapy
session to ensure that stimulation oceurs consistently and to provide for appropriate
corrections if nerve conduction deteriorated. The logic controler may be powered either
by a portable power source such as a battery, or by or & {ixed power source such as a

traditional wall cutilet.
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{3134} The conductive wrap and/or ergonomic cradle is removed {rom the body
when therapeutic stinwlation is not being delivered, typically at the end of the therapy
SesSIon.
{3135] The conductive wrap and/or ergonomic cradle is reapplied along with the
sensor patch (deally disposable) from time to time as indicated, for example, on a daily
basis, and steps 4-8 are repeated.
{0136} The devices and methods described herein may be applied to any body
nissues, including nerve, muscle, skin, vascalature, or any other organ or tissue within the
human body. Further, the devices and methods described herein may be used to irgat any
conditions sufted for neuromodulation regardiess of whether the stimulation source is an
electromagnetic field, a direct electvic current, a RE field, infrared energy, visible light,
ultraviolet Hght, ultrasoand, or other energy dispensing device.
{0137} In other variations, as shown tn FIG. 12, an encrgy emitting system 210 for
providing a medical therapy inchides one or more conductive cotls 212 disposed within
or along a housing 2 14, one or more sensors 216 configured to detect electrical
condaction in a target nerve or to detect muscle stimudation, and a controller 218
connected or coupled to the conductive coils 212 and optionally o communication with
the sensor 216, n certain variations (as shown in Fig. 12}, the controller 218 can be
mtegral with the housing 214). The coils 212 are configured such that an electrical
current generaled by the controller 218 s passed through the coils 212 generating a
magnetic ficld which will stimulate a target nerve, ¢.g., the tibial nerve 2260, a muscle or
other body part containing a portion of a target nerve, or any nerves branchmg off of a
target nevve, located in proximity to the cotls 212, In this particular variation, the
housing 214 1s in the form of a foot cradle, as shown in FIG. 4, however, the housing
could also be m the form of a flexible wrap, garment or other design suitable for use with
a subject. In various variations described herein, sensors may detect voltage or current
and may be connected, coupled, wirelessly connected or coupied or otherwise in
conmmuication with the housing and/or controlier using a varicty of methods or
techniques known io the art.  The sensor may be placed over a nuscle to detect muscle
stiridation resulting from stimudating 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
{0138 Referring to FIG 13 and 16, the sensor roay be in the form of a microneedle
patch 228, which can be removably attached to the skin sarface of a sabject. The

microneedic patch 228 may include a housing 231, having one or more electrodes 232
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and one or more microncedles 235 deposited or arrayed on a surface of the electrode 232,
forming one or more microneedle arrays 234, In FIG 13, microneedie paich 228 has the
shape of a square, and the microneedles 235 are arraved on the bottom surface 236 of the
electrode 232 4n a 16 X 16 configuration. However, as shown in FIGS 14-15,

5 microneedle patches may be designed n a vanety of shapes, ¢.g., round, oval 228,
rectangular 230, hexagonal, and a variety of sizes. The micronecdies may be arrayed ina
varicty of arrangements and patterns {e.g., 14 X 14, 12 X 12, et¢.} depending on the
particular use and needles.

[3E39] Additionally, microneedies may be atiached, deposited, or arrayed on an

0 eclectrode surface or patch in a variety of configurations and arrangements, depending on
where the particular microncedie pateh will be utilized and the treatment to be delivered.
The mumber of microncedles included in an array can vary. For example, the number of
ricronecdics may range from about 5 to 580 or 100 1o 400 or about 200 to 300 or about

256. In certain variations where mucroneedles are coroposed of strong, highly

(92

conductive material, the number of microncedles necessary may be less and may range
from about S to 100 or 10t 50 or 5 to 50. However, where microneedles are composed
of higher resistance metal, & greator number of needles may be needed, e.g., about 100 to
500 or about 200 to 300 or greater than 500.
{3140} Referring to FIG. 1§, a magnified view of a microneedle array 234 composed
280 of one or more microneedles 235 is shown., Microneedles 235 may include a base
portion 238 and an upper portion 239, Microneedles 235 may have lengths in the range
of about | to 400 wicrons or 10 to 400 microns or preferably about 100 to 150 microns,
and a diameter in the range of about 1 to 100 microns. A microneedle 235 may be
tapered in diameter, going from a larger to smaller diameter from the base portion 238 o
5 the upper portion 239 where the distal tip 240 of the microneedle 15 preferably pomted or
sharp. The upper portion 239 of the microneedie 235 may have a diameter in the range
of about 18-30 microns or about 15 10 25 microns. Optionally, for case of production,
the base portion 238 of the microneedic 235 may be thicker thao the distal tip 240 or
upper portion 239 of the moicroneedie 235, ¥o certain variations, as showom FIG 17, a
30 bulb 237 may be provided at the distal tp 240 of a microneedle 235 to provide for
effective anchoring of the microneedie 235 in the skin of a patient or subject.
Microneedies 335 can include any number of friction or grip increasing features. For

example, they may inchide projections, barbs, bulbs or 4 roughened surface or tip.
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Microneedies 235 may take on various configurations, ¢.g., straight, bent, filtered,
hollow or a combination of the above.
HUESY in other variations, microncedies may have lengths that range from about 480
to 1450 mucrons, widths from about 160 to 470 microns, thicknesses from about 30 1o

S 100 microns and tip angles from about 20 to 90 degrees, and arrays can contain from S to
30 microneedics. For example, microncedies having these dimensions have been shown
1o be less painful than hypodermuc needles. Length and number of microneedies can
affect the level of pain experienced. Decreasing microneedle length and/or the number
of microncedies may be beneficial and act to further reduce pain and provide comfort.

10 0143 in certain variations, the one or more microneedles may include an
electrically conductive material such that the microneedles may transmit an electrical
signal to an overlying electrode or other surface. Microneedles may be constructed of an
clectrically conductive material and/or coated with an electrically conductive material.
Optionally, microneedles may be coated with an electrically conductive material and

15 constructed of a non-conductive material. Micronecedles may be fabricated using a
variety of materials, ¢.g., metals, stamless steel, solid or coat of gold over Ni, Pd or Pd-
Cao, Pt, silicon, sibicon dioxide, polymers, glass, biocompatible polymers, titanium, silver,
or suture materials. Biodegradable polymers may also be used such thatifa tp ofa
microneedle were to snap or break off during insertion, it would easily biodegrade.

20 18143 A microncedle array 234 may be constructed or fabricated using any variety
of mamufacturing roethods known to persons of ordinary skili in the art. Microneedies
may be arrayed, attached, etched or deposited onto a surface of an electrode. o another
variation, microneedies may be etched from or deposited onto a silicon electrode, such
that the microneedie patch, jncluding electrode and microneedies, are made from one

25 wmaterial creating a darable and stable microneedle patch.

{144} As shown i FIG 18, microneedles may be fabricated by creating micron
sized holes on a silicon substrate and by using a KOH solution to creaie the needle shape.
in other variations, the microneedles may be made of non-conductive matertal but may
stilf be utifized to provide superior anchoring properties such that a microneedle patch

33 may effectively adhere or attaché to a subject’s skin.

[0145] In certain variations, microneedle 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 1on etching. Optionally, holes may be drilled, e.g., by

I

laser, through the microneedles and base substrate. Holes may be drifled off-center, but
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parallel to the microneedle axis, terminating in side-opening holes along the needle shaft
below the needie tip. if desived, the holes can serve as micro fluidic needle bores for
irjection or infusion of drugs, medicines, insulin, proteins, nanoparticles that would
encapsulate a drug or demonsiraie the ability to deliver a virus for vaccimations, ete. to be
used separately or in combination with electrical or magnetic therapy. The microneedles

may also be coated with nickel by electroplating, which can increase their mechanical

strength.
{8146} In certain variations, micronesdle patches or microneedle electrode arrays are

made by fabricating master structures from which replicates are molded and then made
clectrically active. For example, SU-8 may be spun on a glass subsirate bearing an array
mask pattern, baked, and then exposed from the backside to from a tapered needle
structure. Microneedles may be sharpened by RIE etching. A PDMS
{polydimethyisiloxane} or similar material mold can then be copied from the master. A
PMMA (polymethyimethacryvlate) microneedle array is formed by solveni-casting and
then released from the mold.

{3147} To provide the arrays with electrical functionality, a TVCu seed layer may be
deposited on the PMMA array and patterned by excimer laser fo electrically isolate

adjacent rows. A Ni layer {c.g., about 15 1o 30 mucrons or 20 to 25 mucrons thick) may

be electroplated on the patterned seed layer to enhance structural rigidity. A backside
clectrical connection fo the array may be formed by backside etching of a hole and
forming an clectrical conmection through the hole.

{1148} {n another vanation, the microneedle array s arranged ina 16 X 16 array (e,
256 needles). Each needle has a height of about 400 microns and the base diameter i3
about 100 microns. The piich between microneedies can be about 250 microns. The
microneedle arrays are then coated with metal and laser-etched to provide clectrical
functionahity. Optionally, rows of microneedles can be electrically isolated from each
other so that aliernating rows can provide alternating electrical polarity. The arrays are
also interfaced with a power source. Microneedies may be made of polymer, coated with
a metal, and etched to act as alternating electrodes. In cevtain vanations, the Sring
sequence of the microneedles by rows or groups may be varied or configured to
alternate.

{0149 In certain varations, a microneedle array may jochude one or yoore

microneedles having multiple channels. For example, a multichannel silicon

N2
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microneedie may be constructed to deliver bicactive compounds inio neural or other
tissue while simultancously monitoring and stirnulating nourons and nerves.
{01501 FIG. 19 shows a cross sectional view of the skin 10 composed of an outer

stratum comneum 15 covering the epidermais 16, The skin also includes the dermis 18,

f/‘

subcutaneous tissue/fat 12, and these layers cover muscle tissue 14, As shown m FIG
19, when a microneedle patch 228 is attached to a subject’s skin, the microngedies 235
pierce the outer fosulating stratum corncum fayer 15, The microneedle patch 228 can
detect current passmg through a stimulated nerve, and provide a superior signal as the
current detected is conducted through the microneedles 2335, thereby bypassing the
poorly conductive straturo corneum layer 15 which generally encompasses the outer 10
to 15 microns of skin. In other variations, microneedies 235 may be fabricated to be

fong enough to penetrate the stratum corneam 15, but short enough not to puncture nerve
endings, thus reducing the risk of pain, infection or injury.

{8154 Iu certain variations, microneedles are formed such that they are 1o direct
contact with their corresponding or overlying electrodes. For exarople, a microneedle
patch may include an adhesive elecirode pad and may utilize a conductive gel to help
hold the microneedles in place to prevent shear forees from breaking or bending the
microneedles.

{81521 In certain variation, as shown in FI1Gs. 28a4-20d, a microneede patch or
applicator may inchude multiple electrodes on a single patch or applicator, ¢.g., positive,
negative, and/or control or ground clectrodes, where the microneedles will be grouped in
multiple arrays such that they conduct to the appropnate electrode. For example, FIGS
20a and 20b show a single paich having positive, negative and control electrodes where a
scparate array of eleciredes is in contact with each respective electrode. This
arrangement can be created using a single patch. Alternatively, as shown m FIG. 20¢,
two patches may be implemented, one including the control electrode with
corresponding microneedle array and the other including the positive and negative
clectrodes with corresponding microneedle arrays. The various electrodes could be
mterchanged. Alternatively, as shown in FIG. 204, three patches may be mplemente
cach having a separate electrode (control, positive, or negative} with a corresponding
microneedie array. Inuse, in certain variations, the controf may be attached above or
near bone, while the positive and/or negative electrodes may be attached above nerve or

muscie.



WO 2014/151431

14

30

{3153} Referring again to FIG. 12, the energy emitting systermn 210 can be used to
treat or prevent various conditions, ¢.g., urinary incontinence, restless feg syndrome and
focal incontinence, among others. Energy emitting system 216 includes one or more
conductive coils 212 disposed within or along a housing 214, one or more sensors 2196
configured to detect electrical conduction in the target nerve or to detect mascle
stinwlation, and a controfler 218 coupled to the conductive cotls 212 and optionally in
commuication with the sensor 216, The cotls 212 are configured such that an clectrical
current generated by the controller 218 is passed through the cotls 212 generating a
magnetic field which will stimulate a target nerve, ¢.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 n proximity to the coils 212, In thas partieular vanation, the
housing 214 is in the form of a foot cradle, as shown in FIG. 4, however, the housing
ouid also be in the form of a flexible wrap, garment or other des uitable for use with
a subject.
{1154] Referring again to FIG. 12, encrgy omvitting system 210 may be used to treat
or prevent various conditions, e.g., urinary incontinence, restless leg syndrome or fecal
incontinence. fn certain variations, a method of using the encrgy emitting system 210
meludes posttioning a frst portion of a patient’s body, for example a foot, ankle, or leg,
relative to housing 214 such that 8 posterior tibial nerve 220 within the first portion of
the patient’s body is in proximity 1o one or more conductive coils 212 disposed within or
along the housing. In this particular variation, a patient’s foot is posttioned mn a housing
which is in the form of a foot eradle 215, A sensor in the form of a microneedle paich
228 may optionally be positioned along a second portion of the patient’s body in
proximity to the posterior tibial nerve 220, o this particular variation, microneedic patch
228 1s attached to the patient’s foot over a muscle to detect nuscle stimulation.
Alternatively, a patch could be placed elsewhere on the patient, for example, on the leg
in proximity to the posterior fibial nerve 220, proximal (o and up-stream from coils 212.
Microneedie pateh 228 may be composed of one or more micronecdle arrays and one or
more electrodes, as described supra,
{3155] Once the patient’s foot 18 in position and the microneedie patch 228 (e.g.,
conductive microneedic patch) is in place, a current 1s passed from controller 218
through coils 212, and as a result, the cotls 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,
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o its sacral or pudendal nerve roots. Microneedle patch 228 detects corvesponding
musele stimulation or twitching or clecirical conduction through the stimulated posterior
tibial nerve. Upon detection, the microneedic array raay conduct and transmit an
electrical signal to the overlying electrode of microneedie patch 228, The signal may be
transmitted to controller 218, which can be integral or a separate controller or device, or
a separate controller coupled to controller 218, The controller can then be varied or
adjusted (1o adjust the current or magnetic ficld) based on the signal received from
microneedle patch 228 to ensure that adequate conduction of the posterior tibial nerve
228 occurs and an adequate and accurate dosage of treatmnent is being received.
Although shown utilizing a sensor, it 18 also contemplated that the system could be used
without a sensor,

{0156} Referring to FIG. 21, the method of asing energy emitting system 21{
described abeve with respect to FIG. 12 may be varied such that a conductive
microneedie patch 228 is placed in proximity to or proximally over the afferent posterior
fibial norve 220, 1.¢., behind the patient’s knee. In this position, a conductive
microneedie patch 228 detects electrical conduction through the afferent posterior tibial
nerve, 1.o., it detects the electrical signal traveling through the posterior tibial nerve bac
up to the brain sud spinal cord or 1t may defect corresponding muscle stimulation. The
microneedle patch 228 sends the signal to controller 218 or {o a separate controlier
coupled to controller 218, The controller can then be varied or adjusted based on the
signal received from micronecdle patch 228 to ensure that adequate conduction or
stinuddation of the posterior tibial nerve 220 oceurs and an adequate and accurate dosage
of treatment is being received.

{RES7] A sensor utilized in the energy emitting sysiem 210 may be a microncedle
pateh 228 as described above or optionally the sensor may a sensor type known i the art
(e.g., EKG sensor) or as deseribed in any of the variations herein. It is also contemplated
that energy emitting systern 250 can be utitized without a sensor. Optionally, the sensor
may be positioned within or along the housing, ¢.g., the foot cradie, along with the one or
more conductive coils, or positioned at a site distant from the housing or conductive
coils.

[RE58] In certain variations, energy ewmutting system 210 my optionally inclode one
or more conductive microneedle patches which can be positioned n proximuty to the
target nerve or muscle and provide an additional or supplemental electrical or magnetic

stinwhus to the target nerve or muscle.
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{8159 Referring to FIG, 22, the energy emitting system 210 described above with
respect to FIG. 12 may be varied to create energy emitting system 260, Energy cmitting
systern 260 further includes one or more percutancous clectrode needles 262 or other
needles or other percutaneous clectrodes coupled to a controller 218 and having an end
msertable into a subject’s body in proximity to said target nerve or stimulation site. The
percutancous clectrode needle 262 is inductively coupled to one or more conductive coils
212, 1o use, a first portion of a patient’s body, for example a foet, ankle, or leg, is
positioned relative to housing 214, e.g., foot cradle 215, such that a target nerve, e.g
posterior tibial nerve 220, focated within the first portion of the patient’s body is in
proximity to one or more conductive coils 2172 disposed within or along the housing 214
Conductive coils 212 are positioned proximate, optionally down-stream or distal to, a
selected stimulation site 261, The percutaneous electrode needle is inserted through
the skin at a location and to a depth that brings the tip in close proximity 1o the
stinuidation sife or target nevve to be stimudated. The controfler 218 is activated and a
current passes through conductive coils 212, The resulting magnetic field generates a
current that traverses the internal stimulalion site 261 by passing from conductive coils
212 1o the mtemal percutancous electrode needle 262, as indicated by arrow 1. Also, the
percutaneous electrode needle may be positioned within the gencrated magnetic field,
whereby the magnetic field itself generates a current n the percutanecus electrode which
stinmulates a target nerve or traverses an mternal stimulation site. Optionally, a current
may be passed from the condroller 218 through conductive cotls 212 and/or from the
controtler 218 through percutaneous electrode needle 262, traversing the internal
stiridation site as the current passes between the coils and needle.

LU Edh In energy cmitting system 266, current density and subsequent elecivic field
tensity generated between conductive cotls 212 and percutancous electrode needle 262
1s greater than that generated by traditional percutaneous stimudators. A greater electric
field intensity makes site location for conductive coils 212 and percutancous clectrode
needle 262 casicr. Furthermore, the load impedance through the surface of the skin is
much higher than the internal impedance, and as such, the relatively high load fmpedance
Iessens the hkelibood of damage to tissue and nerves due to lugh corrent pulses.

L ERY Referring again to FIG. 22, a percutaneous clectrode needle for use in any of
the energy emitling systeros deseribed herein moay inchide a vanety of designs. For
example, percutaneous electrode needle 262 may mchide a metal or plastic handie 263 to

provide a secure grip for the user, while minimizing the risk of shock to the user. The
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needle tip can have a terminal portion 264 which may extend between about (1.5 and 10
mun or about 2.0 mm from the needle tip and may be constructed out of medical grade
stafnless steel or other biocompatible metals. The diameter of the needle can be small
{less than about 0.25 num) which rounizes trauma during insertion. Optionally, needle
262 can be coated with Teflon or simlar insulative material 263 except for an exposed
tip arca 264, This allows for a higher field density at the tip for more precise operation.
The exposed needle tip area 264 should have a sufficiently large surface area so as not to
create too high a local current ficld that may cause fivitation or pain.

j3E62] in another variation, as shown in FIG. 23, percutaneous electrode needle 27
may be used in encrgy eriiting system 260. Porcutancous elecirode needle 272 may be
constructed out of medical grade stainless steel or other biocompatible electrically
conductive metal. Percutaneous electrede needle 272 includes a first end 276 for
insertion inio the patient's body in proximity to the preselected infornal stimulation site or
farget nerve to be stinnudated, and a second end 277, The size of the noedle electrode 272
ig preferably small, for example 34G needle electrode (0.22x10 mm), to mintmize fraumsa
during insertion. Percutaneous electrode needle 272 may also include an clectrically
conductive adapior, e.g., an electrically conductive tape member 273, The tape member
273 includes an eiectricaiiy conductive adhesive portion 274 and an electrically
conductive non-adhesive portion 275, Alternatively, the adaptor may include an
clectrically conductive clip. The sccond end 277 of the needle clectrode 272 preferably
ncludes an enlarged portion to enable the clectrically conductive tape member 273 to be
more easily adhered thereto. Onee it s determined that the percutaneous needle
clectrode 272 is properly positioned, the needle is fixedly adhered {o the electrically
conductive tape meraber 273 by folding the ends of the adhesive poﬁion 274 of the
electrically conductive tape member 272 over the second end 277 of the needle electrode
thereby forming an electrical connection there between. The percutancous needie
clectrode 272 is elecirically coupled to controlier 218 via electricaily conductive tape
mernber 273, Various other implantable or insertable electrode needles known to

persons of skill inthe art mway also be utilized inthe above deseribed systems.

101631 In certain variations of energy emitling system 264 as described above and
shown in FEGS. 22-23, a sensor 216, such as a conductive microneedle patch 228, may

be utilized to detect elecirical conduction through the stimulated posterior tibial nerve
220 or to detect muscle stimulation, and transmit the signal to controler 218, The signal

may be fransmitted to controlier 218, a separate controller or device, or a separate
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controller coupled to controlier 218, The controller can then be vaned or adjusted based
on the signal from microneedle patch 228 to ensure that adequate conduction of the
posterior tbial nerve 220 occurs and an adequate and accurate dosage of freatment is
being received. I is also contemplated that energy systern 260 may be utilized without a
sensor 216, see for example FIGS. 24-25. Optionally, other types of sensors may be
used in place of a microneedie patch sensor, such as other sensors described heretn and
sensors known to 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 {e.g.,
on the fog as shown} or over a muscie to detect muscle stimulation reseling from
stiraulating the target norve.

LY In certain variations, as shown i FIG. 26, an energy emitting system 250 for
providing a medical therapy inchides a microneedie pateh 252 {e.g., conductive
microneedic patch) having one or more microneedle arrays deposited on a surface of ane
or more electrodes; one or more sensors 221 configured to detect electrical conduction in
the target nerve or to deteet muscle stimulation; and a controller 218 coupled to
microneedle patch 252 and in communication with sensor 221, The microncedle patch
252 s configured such that an clectrical current gencrated by the controlier 218 is passed
through the microneedle patch 252, generating a magoetic field or delivering or
generating an clectrical or magnetic stimulos to a target nerve, e.g., the tibial nerve 220, a
rauscle or other body part containing a portion of a target nerve, or any nerves branching
off of a target nerve, located in proximily 1o roicroncedic patch 252,

{1165] Referring to FIG. 26, 2 method of using the encrgy emitting system 250 may
inchude placing a conductive microncedie patch 252 on a first portion of a patieni’s body,
for example a foot, ankle, or leg, in proximity to posterior tibial nerve 220 within the first
portion of the patient’s body. Sensor 221 4s positioned along a second portion of the
patient’s body in proximity o the posterior tibial nerve 220. In this particular variation,
sensor 216 18 attached to the patient’s leg in proximity to the posterior tibial nerve 220,
proximal 1o and up-strears from conductive microneedle patch 252, Conductive
microneedle patch 252 1s composed of one or more microneedie arrays and one oy more
electrodes, as described 1 the variations above.

[8166] Once conductive microneedle patch 252 and sensor 221 are in position, a
current i passed from controller 218 through conductive microneedle patch 252,
resulting in an electrical stimuilus of the posterior tibial nerve 220. Alternatively, the

micronecdic array may be insolated or constructed of non conductive material such that
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the microneedie patch 252 generates a magnetic field that stimulates tibial nerve 220 ina
manner similar to the one or more coils deseribed in the variations above, without an
clectrical stimubus. Whether the stimulus is clectrical or maguetic, either stinuhus will
generate a current that will flow along the tibial nerve 220 and spread along its length, 1o
its sacral or pudendal nerve roots. Sensor 221 detects electrical conduction through the
stinulated posterior tibial nerve 228, and then transmiis the signal to controfler 214, In
certatn variations, the sensor may be fo the form of a microneedie patch sensor. The
signal may be transmitted to controlier 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 sensor 221 to ensure that adequate conduction of the posterior tibial
nerve 220 occurs and an adequate and accurate dosage of treatment is being received.
{0187} The sensor utilized in the energy emitting system 250 may be a sensor of the
type described above, with respect to other variations. Optionally, for example, the
sensor may be a microneedic patch. 1t 18 afso contemplated that energy emitting system
250 can be anilized without a sensor.  The sensor may be placed over a portion of the
suabject’s body suitable for detecting conduction of the target nerve {e.g., on the leg as
shown) or over a muscle fo detect muscie stimulation resulting from stimulating the
target nerve.

{B1a8] In certain variations, energy emitting systew 230 my optionally include one
or more conductive coils disposed within or along a housing which can be positioned in
proximity o the target nerve or muscle and provide an additional or supplemental
stimmilation of the target nerve or nuscle.

S Referring to FIG. 27, the encrgy emitting system 250 described above with
respact to FIG. 26 may be varied to create cnergy emitting systero 280, Encrgy emiiting
systern 280 further meludes one or more percutancous clectrode needles 262 coupledtoa
controller 218 and having an end inseriable into a subject’s body in proximity to said
target nerve. Optionally, the electrode needle may be non-percutancous, such that it is
nsertable in an orifice or operdng i the subject, such as @ natural orifice. The
percutaneous electrode needle 262 15 inductively coupled to conductive microneedie
patch 252, In use, a microneedle patch 252 is placed on a first portion of a patient’s
body, for exampie a foot, ankde, or leg, in proximity (o posterior tibial nerve 220 within
the first portion of the patient’s body and down-siream or distal (o a selected stimulation
site 261, The percutaneous electrode needle 262 is inserted through the skin at a location

and to a depth that brings the tip in close proximity to the target nerve o be stimulated.
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{3178] The controlier 218 is activated and a current passes through microneedie
patch 252 and traverses the internal stinwdation site 261 by passing {rom microneedic
patch 252 to the internal percutaneous clectrode needle 262, as mdicated 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
microneedic patch 252 to the internal percutancous electrode needle 262, Also, the
percutancous clectrode needle may be positioned within the generated magoetic field,
whereby the magnetic field generates a corvent in the percutaneous electrode which
stirnulates a target nerve and traverses an internal stimolation site. Optionally, a current
may be passed from the controller 218 through microneedle paich 252 and/or from the
controller 213 through percutancous electrode needle 262, traversing the intemal
stimulation site as the current passes between the paich and needle.
{017} Referring to FIG. 2§, cnergy omitting system 28( may be meodified by using
percutancous clectrode needle 272 in place of pereutancous electrode needle 262,
Percutaneous electrode needle 272 would be constructed and function as described above
with respeet to FIG. 23, Various other implantable or insertable electrode needles known
to persons of skill in the art may also be utilized in the above described systems.
Additionally, energy ernitting system 280 may utilize a sensor o deteet clecirical
conduction through the stimulated posterior tibial nerve 220 and send a corresponding
signal indicative of the detected conduction to controller 218 or other device such that
the electrical or moagnetic stimulus can be adjusted as necessary. The sensor may bea
sensor 221, or optionally the seosor may be a microneedle patch. It s also contenplated
that energy emitting system 280 can be utihzed withowt 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 stinndation resulting
from stimuilating the target nerve.
{0172} o any of the above systems, variations are contemplated where the sensors
are also coupled or connected to or otherwise in communication with energy emitting
devices, ¢.g., the conduetive coils or conductive moicroneedle patches
{8173} In certain variations, the one or more microneedles of the microneedle patch
may inciude an clectrically conductive material such that the micronecedles may transmit
an electrical signal to an overlying clecirode or other surface. Microneedies may
constructed of an electrically condactive material and/or coated with an electrically

conduetive material. Optionally, micronecdics may be coated with an clectrically
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conductive material and constructed of a non-conductive material. Microneedles may be
fabricated using a variety of materials, ¢.g., metals, stainless steel, solid or coat of gold
over NI, Pd or Pd-Co, Pt, silicon, silicon dioxide, polymaers, glass, biocompatible
polymers, titardum, silver, or suture materials. Biodegradable polymers may also be
used such that if a Up of a microncedle were to snap or break off during msertion, it
would easily biodegrade.  Optionally, the microneedle patch may be non-conductive.
{0174 In certain variations, an electrode patch for improved conductance or
conduction is provided. The paich can inchude at least one electrode having a first
surface and/or a second surface. The clectrode may optionally be attached to various
other materials or adhesive materials. An array of microncedies may be depostted on g
surface of the electrode, or attached to a patch or other material and indirectly or divectly
connected to the electrode. The array of microneedles may include a conductive
material. Such patches may be used as a sensor (o detect muscle stimulation or elecirical
conduction, or to provide or deliver an electrical stinmlus or magoetic ficld, eg, to a
target nevve, and may optionally be used i any of the vanations described herem or in
any apphcation where improved conductance or conduction is desired. Microneedles
yield improved reduction in impedance compared to simple abrasion and other
technigues, and are less painful and more comfortable for the patient.
{0175] In certain vanations, typical voltage sensed at the skin and detectable or
conduetable by a microncedle patch or microneedle array may range from about 1 1o 460
microvolts or about 10 to 300 microvolis,
{3176} in certain variations, methods of treating 4 subject with urinary incontinence
or various pelvic floor disorders utilizing the encrgy emitting systems described herein
are contemplated. Syropioms associated with urinary incontingnce may be observed,
detected, or diagnosed. An energy ernitting device having one or more energy
generators, e.g., one o more conductive coils or one or more microneedle patches, may
bie positioned in proximity (o a target nerve, €.g., the tibial or posterior tibial nerve or
popliteal or sacral nerve or branches thereof of & subject or patient along & first portion of
a subject’s or patient’s body. The subject may or may not be exhibiting symptoms
associated with urinary mcontinence. In the case of the conductive coils, the coils may
be positioned within or along a housing, such as a foot or knee cradle, and a foot or leg
may be positioned thevein. In the case of 4 microneedie patch, the patch may be attached
io a subject’s skin. Optionally, the method involves positioning a first porion of a

subiject’s body, the subject exhibiting symptoms associated with urinary incontinence,
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relative to an energy emitiing device such that a target nevve within the first portion of
the bedy is in proximity to at least one energy generator disposed within or along the
energy cruitting device.
{01774 A current is then passed through the energy generator 1o produce, generate or
deliver energy, e.g., a magnetic or electromagnetic field or electrical or magnetic energy
or stiulus, focused on the tibial or posterior tibial nerve or branches thereof, This in
furn may cause the stimaulation of a pudendal nerve, sacral plexus, or other nerves in the
pelvic floor. Various nerves mnervating the various mascles, sphincters, nerves, organs
and conduits of the urinary tract and bladder may be stimulated directly or indirectly. In
certain variations, a current is passed through one more coils, which generate a magnetic
or electromagnetic ficld which stimulates the posterior tibial nerve.  In certan
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
certatn variations, a current is passed through a microneedie patch generating or
delivering an clectrical or magnetic stimauhus or field. The positioning of the microneedie
paich relative to the first portion of the sabject’s body may be adjusted to re-focus the
clectrical or magnetic stimmlus or ficld on the posterior tibial nerve as needed.
{0178 Optionally, electrical conduction through the target nerve, e.g., the posterior
tibtal nerve, or muscle stizmulation can be detecied via at least one sensor. A conductive
sensor may be positioned in proximity to the posterior tibial nerve along a second portion
of the subject’s body. Optionally, a sensor may be positioned over a corresponding
muscle to detect muscle stimulation or twitching resulting from nerve stimulation.
Optionally, the electrical conduction is detected along a second portion of the subject’s
body which s different from the fivst portion of the body. Uptionally, the sensor i the
form of a microneedie patch. In certain variations, the sensor may be positioned behind
a subject’s knee to detect the electrical conduction along the afferent posterior tibial
nerve or on another portion of a patient’s leg or foot. In other variations, the sensor may
be positioned within or along a housing along with the one or more conductive coils,
{179] 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 adpusted or varied using a controfler which is in communication with the
energy generator. Adjustments may be roade in response o the nerve or muscle
stimulation detected by the conductive sensor, in order to optimize or ensure adequate

treatment of urinary incontinence by achieving the appropriate level of conductance and
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appropriate level of nerve or muscle stimulation. Appropniate levels or parameters for
currentt, frequency, magnetic {ield, treatment duration, etc., are those that result in an
observed or detected reduction or prevention of sympioms associated with urinary
meontinence. Treatment could also be adroiustered and the appropriate levels and
parameters achieved through observing or detecting reduction or prevention of
symptoms where a sensor is not used. Exaropies of these sympioms include but are not

finited to the inability to control urinary function, urinary leakage, and loss of bladder

control,
[RE80] In certain variations, the amplitude, frequency, direction of a generated

magnetic field, electrical or magoetic stioudus, or firing sequence of the coils or
microneedies making up the microneedle array may be adjusted. Optionally, the curvent
may be varied according to a muscular response in the patient. Thus, to treat urinary
incontinence, the magnetic ficld or electrical stinmilos is apphied to a subject or patient
unti the desired effects {e.g., reduction of synptoms) are achieved.

{8181} in certain variations, methods of treating 4 subject with fecal incontinence
utthzing the energy emilting systerns described herein are contemplated. Symptoms
associated with fecal incontinence may be observed, detected, or diagnosed. An energy
emitting device having one or more energy generators, ¢.g., one or moore conductive coils
or one or more microneedle patches, may be posttioned 1n proximity to a target nerve,
¢.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 sympioms associated with fecal incontinence. In the case of the conductive
coils, the cotls may be positioned within or along a housing, such as a foot or knee
cradle, and a foot or leg may be positioned therein. o the case of a microneedle paich,
the patch may be attached to a subject’s skin. Optionally, the method fnvolves
positioning a first portion of a subjeet’s body, the subject exiubiting symptoms
associated with fecal incontinence, relative (o an energy emitting device such that a
target nerve within the first portion of the body is in proximity fo at least one energy
generator disposed within or along the energy emitting device.

{3182} A current is then passed through the energy gencrator to produce, generate or
deliver energy, e.g., 8 magnetic or electromagnetic {ield or clectrical or magnetic energy
or stimulus, focused on the tibial or posterior tibial nevve or branches thereof. This in
turn cavses the stimulation of a pudendal nerve, sacral plexus, or nerves in the pelvic

floor. Various nerves innervating the various muscles, sphincters, rectum, nerves, organs
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and conduits associated with bowel movements, fecal control, and the intestines may be
stirnulated directly or indirectly. Optionally, a curreni is passed through one more ¢oils,
which generate a magoetic or clectromagnetic field which stimoulates the posterior tibial
nerve.  Incertain 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 microneedle patch
generating or dehivering an electrical or magoetic stimulus or field. The positioning of
the microneedle patch relative o the first portion of the sabject’s body may be adjusted
to ve-focus the electrical or magnetic stimulus or field on the posterior tibial nerve as
aeeded.

{0183 Optionally, electrical conduction through the target nerve, e.g., the posterior
tibtal nerve, or muscle stizmulation can be detecied via at least one sensor. A conductive
sensor may be positioned in proximity to the posterior tibial nerve along a second portion
of the subject’s body. Optionally, a sensor may be positioned over a corresponding
muscle to detect muscle stimulation or twitching resulting from nerve stimulation.
Optionally, the electnical condaction s detected along a second portion of the subject’s
body which s different from the fivst portion of the body. Uptionally, the sensor is in the
form a of a microneedle patch. Tn certain variations, the sensor may be posttioned
behind a subject’s knee to detect the electrical conduction along the afferent posterior
tibial nerve or on another portion of a patient’s leg or foot. In other variations, the sensor
may be positioned within or along a housing along with the one or more conductive
coils.

{0184} Where a sensor i used, a signal is received from the sensors and the signal is
indicative of the clectrical conduction of the target nerve, ¢.g., posterior tibial nerve. The
cwrrent may be adjusted or varied using a8 controller which is 0 commmunication with the
energy generator. Adjustments may be made m response to the nerve or muscle
stinulation detected by the conductive sensor, in order to optimize or ensure adequate
treatment of fecal incontinence by achicving the appropriate fovel of conductance and
appropriate level of nerve or muscle stinndation. Appropriate levels or parameters for
current, frequency, magnetic feld, reatment doration, etc., are those that result in an
observed or detected reduction or prevention of sympioms associaied with fecal
meontinence. Treatment could also be adroiustered and the appropriate levels and
parameters achieved through observing or detecting reduction or prevention of

symptoms where a sensor is not used. Exaropies of these sympioms include but are not
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himited: the loss of voluntary control to relain stool in the rectum; loss of fecal control;
inability to control bowel movements, and fecal leaking:

B85 In certain variations, the amphitude, frequency, direction of a generated
magnetic field, electrical or magnetic stimuldas, or firing sequenece of the coils or
microneedles making up the microneedie array may be adjusted. Optionally, the carrent
may be varied according to a muscular response in the patient. Thus, o treat fecal
mcontinence, the magnetic feld or electrical stimutus 1s applied to a subject or patient
until the desired effects (e.g., reduction of symptoms) are achieved,

B84} In certain variations, methods of treating a subject with restiess leg syndrome
utilizing the energy emiiting systems described herein are contemplated. Victims
affficted with Restless Leg Syndrome (RLS or Ekbom's syndrome), are unable to remain
seated or to stand still. Activities that require maintaining motor rest and limited
cognitive stimulation, such as transportation, e.g., in a car, plane, train, ¢ic., or attending
fonger meetings, lectures, movies or other performances, become difficult i not
impossible. These sensations become mwore 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 increases over periods of rest, can be completely dissipated by movement,
such as walking. However, once roovement ceases, sympiorns return with increased
mitensity. If an RLS patient is forced to He still, symptoms will continue to bunld hke a

foaded spring and, eventually, the legs will involuntary move, relioving syraptoms

immediately,
{187 Thus, symptoms associated with restless leg syndrome may be observed,

detected, or disgnosed. An energy emitting device having one or more energy
generators, ¢.g., one or more conductive coils or one or more microncedle patches, may
be positioned i proximity © a target nerve, e.g., the tibial or posterior tibial nerve, or
pophiteal or sacral nerve or branches thereof or other nerves associated with resiless 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 resticss leg syndrome. In the case of the
conductive coils, the coils may be positioned within or along a housing, such as a foot or
knee cradle, and a foot or leg may be positioned therein. 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 subject’s body, the subject exiubiting symptloms

associated with restless leg syndrome, relative to an energy emitiing device such that a
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target nevve within the frst portion of the body is i proxamity to at least one energy
generator disposed within or along the energy emitting device.

[REES] A current is then passed through the energy gencrator to produce, generate or
deliver energy, e.g., a magnetic field or electrical or magnetic energy ot stimulus,
focused on the tibial or posterior tibial nevve or branches thereof or other nerves
associated with restless leg syndrome. This in turn causes the stimulation of a pudendal
nerve, sacral plexus or other nerves innervating the pelvic floor or various muscles,
nerves, or organs associated with restless leg syndrome.  The various nerves may
stirnulated directly or indirectly. Optionally, a correni is passed through one more coils,
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 necded. In certain variations, a current is passed through a microneedie patch
generating or dehivering an electrical or magoetic stimulus or field. The posttioning of
the microneedle patch relative to the first portion of the subject’s body may be adjusted
to ve-focus the electrical or magnetic stimulus or field on the posterior tibial nerve as
aeeded.

{0189 Optionally, electrical conduction through the target nerve, e.g., the posterior
tibtal nerve, or muscle stizmulation can be detecied via at least one sensor. A conductive
sensor may be positioned in proximity to the posterior tibial nerve along a second portion
of the subject’s body. Optionally, a sensor may be positioned over a corresponding
muscle to detect muscle stimulation or twitching resulting from nerve stimulation.
Optionally, the electnical condaction s detected along a second portion of the subject’s
body which s different from the fivst portion of the body. Uptionally, the sensor i the
form a of a microneedle patch. Tn certain variations, the sensor may be posttioned
behind a subject’s knee to detect the electrical conduction along the afferent posterior
tibial nerve or on another portion of a patient’s leg or foot. In other variations, the sensor
may be positioned within or along a housing along with the one or more conductive
coils.

{8150} 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
cwrrent may be adjusted or varied using a8 controller which is 0 commmunication with the
energy generator. Adjustments may be made m response to the nerve or muscle

stimulation detected by the conduciive sensor, in order to optimize or ensure adequate
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treatment of restless leg syndrome by achieving the appropriate level of conductance and
appropriate level of nerve or muscle stiroulation. Appropriate levels or parameters fo
current, frequency, magnetic field, treatment duration, etc., are those that resuli in an
observed or detected reduction or prevention of sympioms associated with restless leg
syndrome. Treatment could also be admmistered and the appropriate levels and
parameters achieved through observing or detocting reduction or prevention of
symptoms where a sensor is not used. Hxampies of these symptoms include but are not
himted to; uncomfortable sensations in the limbs, frresistible urges to move, usually the
legs; motor resticssness; when at rest, symptoms return of worsen; and sympioms worse
in the evening and at night.

(3161} In certain variations, the amphitude, frequency, direction of a generated
magnetic field, elecirical or magnetic stimudus, or fiving sequence of the coils or
microneedics making up the microneediec array may be adjusted. Optionally, the corrent

restless fe

-

may be varied according to a muscular response in the patient. Thus, fo trea

tie]

ot

syndrome, the magnetic field or electrical stimulus is apphed 1o a subject or patient unt
the desired effects {e.g., reduction of symptoms} are achieved.

LU In certain variations, methods of treating a subject suffering from premature
gjaculation or various pelvic floor disorders utilizing the encrgy emitting systems
described herein are contemplated. Symiptoms associated with premature cjacolation
may be observed, detected, or diagnosed. An energy emitting device having one or more
€uergy generalors, €.g., one or more conductive coils or one or more microneedie
patches, may be positioned in proximity o a target nevve, 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 roay or may not be exhibiting syrptoms
associated with premature gjaculation. In the case of the conductive coils, the coils may
be positioned within or along a housing, sach as a foot or knee cradle, and a foot or leg
may be positioned therein. In the case of 2 micronecdic paich, the patch may be
attached to a subject’s skin, Optionally, the method involves positioning a first portion
of a subject’s body, the subject exhibiting syroptoms associated with premature
ciaculation, relative to an energy emitting device such that a4 target nerve within the first
portion of the body is in proximity {o at least one energy generator disposed within or
along the energy emitiing device.

{0193} A current is then passed through the energy generator to produce, generate or

deliver energy, ¢.g., @ magoetic or electromagnetic ficld or electrical or magnetic energy
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or stimulus, focused on the tibial or posterior tibial nerve or branches thereof. This m
turn may cause the stimulation of a pudendal nerve, sacral plexus, or other nerves in the
pelvic floor or nerves associated with the control of cjaculation. Various nerves
nmervating the various muscles, sphineters, nerves, organs and conduits of the urinary
tract, bladder or reprodactive aystem, or pelvic floor may be stimulated directly or
indirectly. Optionaliy, a current is passed through one more coils, which generates a
magnetic or cieciromagnetic ficld which stimulates the posterior tibial nerve.  In cortain
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 nicroneedie pateh generating or
delivering an clecirical or magnetic stimulus or field. The positioning of the microneedle
atch relative to the first portion of the subject’s body may be adjusted to re-focus the
clectrical or magnetic stimulus or ficld on the posterior tibial nerve as needed.
{94 Optionally, clectrical conduction through the target nerve, e.g., the posterior
fibial nerve, or muscle stimulation can be detected via at least one sensor. A conductive
sensor may be positioned in proximity to the posterior tibial nevve along a second portion
of the subject’s body. Optionally, a sensor may be positioned over a corresponding
muacle to detect myscle stimulation or twitching resuliing from nerve stinmidation
Crptionally, the electrical conduction s detected along a second portion of the sabject’s
body which is different from the first portion of the body. Optionally, the sensor in the
form of a microncedie 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 another portion of a patient’s leg or foot. In other variations, the sensor may
be positioned within or along a housing along with the one or more conductive coils.
{81954 Where a sensor is used, a signal i1s received from the sensors and the signal is
mdicative of the electrical conduction of the posterior tibial nerve. The current may be
adjusted or varied using a controller which is in comrnunication with the energy
generator. Adjustmenis may be made in response to the nerve or muscle stimulation
detected by the conductive sensor, in order to optimmize or ensure adequate treatment of
premature ejaculation by achieving the appropriate level of conductance and appropriate
level of nerve or musele stimudation. Appropriate levels for current, frequency, magnetic
field, treatrment duration, ete., are levels that result in an observed or detected reduction
or prevention of symptoms asscciated with premature gjaculation. Treatment could also

be admimistered and the appropriaic levels and parameters achieved through observing or
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detecting reduction or prevention of symptoms where a sensor 18 not used. Examples of
these syraptoms include but are not limited to: cjaculation that frequenily occurs within
one mimute or less of penetration; the tnability to delay gjaculation on penetrations; or
persistent or recurvent ejaculation with munimal stimulation belore, on or shortly afler
penetraton.

{81961 In certain variations, the amphinude, frequency, direction of a generated
magnetic ficld, electrical or magnetic stirauhus, or firing sequence of the coils or
microncedies making up the micronesdle array may be adjusted. Optionally, the current
may be varied according to a muscular response in the patient. Thus, to treat promature
cjacuiation, the magaetic ficld or electrical stimulus is applied to a subject or patient votil
the desired effects {e.g., reduction of symptoms} are achieved.

{0197} Exemplary treatment parameters for ireating vartous conditions, e.g., urinary
incontinence, using the systems and methods described herein way inchude the
following. Operation of a conductive coil at about 10 to 20 hertz generating a maguoetic
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 mimites per week, depending on the severity of the
sympioms, until the symptoms subside. The above treatment parameters or variations on

the parameters may be used {or treatment of urinary mcontinence, fecal ncontinence,
o < 3

restiess leg syndrome, or premature ejaculation or other conditions.  For examiple, the
coil may be operated at various parameter ranges falling with the following ranges: about
510 100 hertz, about | to 10 tesla, for about 15 ninutes to 2 hours per day or week. In
freating premature gjaculation, a patient may receive treatment about 4 to 10 hours prior
to infercourse. A maintenance phase of treatment, after the initial treatment, may vary
for various conditicns. For example, the mamicnance phase may require application of
the systems and methods described herein at the parameters described herem for 30
minutes/week or 30 minutes/month.  Any treatment parameter may be varied or modified
based on the effect on the patient or sensor or patient feedback regarding stimulation,
unti the desired result of treating or preventing a condition is achieved,

{1198] {n certain variations, as shown i FIGs. 29a-28d, energy emitting device may
include a controller 289 and a foot cradle 290. Foot cradle 290 may include vertical foot
plate 291, and horizontal foot plate 292, where cach plate can be adjusted using vertical
foot plate knob 293 and horizontal foot plate knob 294, One or oore EMG plugs 295 are
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
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variety of information to the user and/or practitioner such as the level of power or current
applied, treatment time, temperature of the cradle device, detected current levels and/or
physiclogical parameters, efc., to facilitaie effective and efficient therapeutic treatment.
The mformation can be used to vary or adjust the controller to ensure that adequate
conduction of a target nerve, e.g., posterior tibial nerve 220 or muscle stimolation oecurs
and an adequate and accuraie dosage of treatment is being received.  Controls may also
be included to affect the following: power, ficld strength, frequency, pulse, start/pause
and cancelation of therapy (as shown} or other parameters one of skill in the art would
find necessary or useiul 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 cotls, or microneedle paich.

{81589 In certain variations, as shown in FIGS 30A-308, an energy emitting device
may include a controfier and a knee support or knee cradle. The cradle may be
configured to provide the conductive cotl in proximity o the popliteal fossa or arca
directly behind the knee. In certamn variations, the knee cradie yoay be configured to
cradle or surround at least a portion of the knee or substantially the entire knee without
placing direct pressure on the popliteal fossa, thereby minimizing or avoiding venous
thrombosis. In one variation, the device roay be utihzed while the knee s n the flexed
position (Fig. 304}, In another variation, the device may be utilized while the knee is in
a non-flexed position (Fig. 30B).

{02801 In certain variations, the energy emitting device, e.g., foot support or cradie,
knee support ot cradle, ete., meludes a conductive coil positioned such that a target nerve
is automatically targeted. The conductive coil is configured, sized and positioned within
the device such that the generated magnetic ficld may encompass and stimulate the target
nerve in any patient based on the target nerve’s anatomical location, thus providing
automatic targeting of the nerve in any patient once the patient positions a particolar
body portion in the device.

{0264 Iu certain variations described herein, sensors may detect voltage or current
and may be connected, coupled, wirelessly connected or coupled or otherwise in
commuanication with housing, conductive cotls, microneedle patch, energy emitting
apparaius, cnergy gencrators, of electrode needies and/or controlier using a variety of
methods or techrugues known inthe art.  In various variations deseribed herein,
housings, conductive cotls, microneedle patches, encrgy emitting apparatus, energy

generators, or electrode necdles may be connected, coupled, wirclessly comnnected or
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coupled or stherwise in communication with each other, controllers or sensors, using a

variety of methods or technigues known in the art.

{0263 Coils used in any of the varations described herein and illustrated in the
corresponding figures may take on a varniety of shapes, sizes, and configurations. For

example, a coil may be shaped as a spival (as shown) or have a simple helical pattern or
bie a figure eight coil, a four leaf ¢lover coil, 8 Helmbholtz coil, a modified Helmbholtz cotl,
s may be shaped as a combination of the aforementioned coil patterns. Additionally,
other cotl designs beyond those mentioned hereinabove might be utihized as longas a
magnetic field is developed that will encompass a target nerve.

{B283] The coils may have a variety of dimensions and configurations. In certain
variations, a coil oay have a central aperture. The diameter of the aperture may range
from about 0.5 inch to Z inches or | inch to 1.5 inches or the aperture may have a
diameter of about 1 inch. The diameter of the coil body may vary. For example, the
diaroefer may range from about 3.0 1o about 7 inches or from about 4 to about § inches or
the diameter roay about 4.5 inches. The coil body may inchide any suitable number of
turns. For example, the coil body may include from about 2 to about 25 turms or from
about 10 to about 20 tums or 14 to 17 turns. The adjacent turns may be spaced apart
from each other, providing a gap there between. An end or cross section of a burn roay
have various dimensions. For example, the end or cross section may have a height that is

A

sreater than its width, An end or cross section of a turn may have a height ranging from

857]

about 1 to 5 cm or from about 10 mom o 51 mun (about .3 inches to 2 inches) or about 25
om o 40 nwm {about | inchto 1.5 mches) or about 12 mom to 40 vuo (about .5 inch to
1.5 mch) or aboot .5 inch to 2 inch. The end or cross section of the turn may have a
width ranging from about .5 mom to about Snum (about (019 tuch to (19 inchy or from
about foun to about 2 rom (about .03 fuch to .07 meh) or about .2 yom to about 1.6 om
{about .01 inch to .06 inch). The above are all exemplary dimensions, where other
dimensions are alse contemplated depending on the use and configuration of a device.
{0204 In certain variations, a system or device for elecromaguetic or magnetic
induction therapy may jnclude one or more conductive coils disposed within or along an
applicator. The coil may be configured to gencrate an electromagnetic or magnetic field
focused on 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 stimulation of a muscle or

other body tissue. The sensor may also detect a muscular response caused by an
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electrical conduction in a target nerve. The sensor provides feedback about the efficacy
of the applied clectromagnetic 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 system may also toclude a controlier which is in coramunication with the
sensor. The controller may be adjustable to vary a carrent through the coil in order to
adjust the maguetic ficld focused upon the target nerve based on feedback from the
sensor or user.  The various systems or devices described horein may be utithzed with or
without a sensor.

[B285] A variety of electromagnetic or magnetic induction applicators designed or
configured to stimulate various portions of a paticot’s body for treating various
conditions are contemplated herein.

{0286} Figure 31A illustrates a variation of a hand or arm applicator 310. The hand
or arm applicator 310 may be ergonomic or contoured to a hand or arm to be positioned
relative to or in proxinuty to a hand or arm to generate an eleciromagnetic or magnetic
feld focused on a target nerve, muscle or other Bissue within the hand or arm,
Optionally, a hand or arm apphicator 310 may be designed to stimulate the entire hand or
arm of a patient, for example, where the paticnt has bmited or reduced nerve fnnervation
to those portions of the body.

{0287} Figure 31B also illustrates a variation of a foot, knee or leg applicator 32{,
The foot, knee or leg applicator 32 may be ergonomic or conioured fo a foot, knee or
feg 10 be positioned relative o or fo proximity to a foot, kuec or leg to generate an
clectromagnetic or magnetic field focused on a target nerve, muscle or other tissue within
the foot, knee or leg. Optionally, a foot, knee or leg applicator 320 may be designed to
stirnulate the entire foot, knee or leg of a patient, for example, where the patient has
himited or reduced nerve innervation (o those portions of the body.

ey
13

{288} Figure 32 illustrates a vanation of a stand alone back applicator 336, The
back applicator 330 may be ergonomic or contoured (o the back or to a specific area of
the back to be positioned relative 1o or in proximity 1o the back to gencrate an
clectromagnetic or magnetic field focused on a target nerve, muscle or other tissue within
the back. A back applicator 330 may be aligned along the spine or positionable in
proximity to the spine. The back applicator 330 may be utilized to stiroulate nerve
offshoots, dorsal ganghon, the spinal cord itsell or any other nerve 1o the body, to treat

various conditions, for example, to treat atrophy or paralysis.
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{249] The back applicator 330 may include several coils, which may be pulsed
intermoittently, In certain variations, a sensor may be placed on muscle in dermatome to
provide feedback to ensure stimulation of the proper dovsal root ganghion or vertebral
body. The sensor may provide feedback to chaonel energy or current to the proper or
effective coil in an applicator, e.g., in an apphicator having multiple coils.

{0216} Figure 33 shows a system including a corded back applicator 340, a sensor
342 and a logic conivoller 344, Various sensors may be utilized, e.g., a three lcad EMG,
other EMG electrode, a mucroneedie electrode, or any sensor for detecting physiologic
changes associated with nerve firing and/or muscle contraction. The sensor 342 provides
feedback which roay be used to monitor and/or control therapy. The scosor 342 may be
used to position or optimize therapy i a climie or home healtheare setting. The
applicator 340 may or may not contamn a pulse generator and/or logic controller circuitry.
Figure 33 shows the logic controller 344 and pulse generator as a separate onit. The
fogic controlier may optimize therapy and mintmize energy usage or overheating based
on feedback from seosor 342, Optionally, the logic controller 344 yoay be tocorporated
into an apphicator. The logic controller 344, whether separate from the applicator or
incorporated in the applicator, raay be controlled based on fecdback from the senso

{0211} Figure 34 shows a system meluding a whole back applicator 350, a sensor
352 and a logic controller 354, One or more back applicators 350 may be provided. One
or more apphcators 350 may inclode avtomated therapy targeting. The applicators 350
may include nuldtiple coils, which can be fived sequentially to stiroulate the entire spine
or chain of dorsal oot ganglhion (with or without user or sensor feedback) for
osteoarthritis therapy, back or neck pain therapy, prevention of muscular atrophy and/or
nerve recovery after paralysis, stroke, or after sufiering other nerve damaging conditions.
In one variation, one or more apphicators 350 may include multiple coils fired
sequentially m order to determune the optimal coil for stimulation based on user or sensor
feedback. Once the optimal coil is determined, that coil may be selected and used for the
remainder of the therapy. o another variation, one or more applicators may include one
or more coils that are shdable, adjustable or movable within the applicator housing. The
coils may be moved within the applicator housing to treat a large area and/or to be
focused on the optirnal treatment zone based on feedback from the user and/or feedback
from the sensor.

{0213} Figure 35 shows a variation of a back applcator 360 which may be

positioned in proximity to or aligned along a spine. The back applicator 360 may have
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ergonomic features or may be placed in proximity to a spine or a spine may be
positioned in proximity to the applicator 360, The apphcator 360 may nclade several
coils that are pulsed intermittently.  As shown in Figure 35, the back applicator 360 or
focused back apphicator may me held on a patient by an ergonomic positioning elerment
361 {e.g., a belt) and may be {it such the cervical, thoracic, himbar, sacral and/or
fombosacral curvatores bold the back applicator 366 1o the optimal position. The
applicator 360 may be located anywhere along the positioning element 361 depending on
the mdividual and area to be stimulated. Optionally, a sensor lead 362 may be placed
over musculature or along a nerve excited by activation of the applicator 368, Inone
variation, a coil power line 365 for supplying power or current from the logic controlier
364 to coils posttioned in the applicator 360 may mcelude fluid cooling, e.g., air or hquid
cooling.

{6213} Figure 36 shows an applicator 366 designed or configured to generate a
magnetic ficld focused on a target nevve respousible for phantom or neuropathic pain.
The apphicator 366 or phantom pain therapeutic stimulator wnt may be vtilized fo treat
phantom pain or neuropathic pam, to provide phantom pam or neuropathic pain therapy.
The applicator 366 may be ergonomic or contoured to be positioned relative 1o or n
proximity o a nerve responsible for phantom or neuropathic pain.

{0214} Figure 37 shows a facial neuralgia applicator 380, Facial neuralgia applicator
3%0 may be may be ergonomic or contoured to a face or head to be positioned relative to
a face or head to stiomlate a nerve responsible for facial nevralgias. The applicator 380
may be designed or configured to be positioned relative to, in proximity o ot o a
patient’s face or head and to generaie a magnetic {ield focused on nerves responsibie for
facial nouralgias, ¢.g., the trigeroinal verve, to freat facial nouralgia. Optionally, a
sensor may be postiioned along a facial nerve to ensure adequate therapy and to provide
feedback, ¢.g., to a logic controller, regarding nerve conduction or body stimulation.
{6215} In certain variations, an applicator may be designed to ergonomically target
conumon nerves responsible for common neuralgias in order o treat such neuraigias. In
other vaniations, an apphcator may be used for treating neuralgias virtually anywhere on
a patient’s body, including in deep nevves due to the ability of magnetic ficlds generated
by the applicator to penctrate painlessly. In certain variations, an applicator may be
designed to generate a oagnetie eld focused on a target nerve to treat central or

peripheral neuralgias.
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to be positioned relative to, in proximity to or over a {rontal cortex. The apphicator 386
may be ergonomic or contoured o a head to be positioned relative to a head to stimulate
the frontal cortex. The apphicator 386 may generate an electromagnetic or magoetic feld
focused on the frontal cortex to treat depression. A sensor may be positioned in the
offshoots of the motor cortex, The sensor may provide feedback to ensure appropriate
placement of the applicator 386 or coil. fn one variation, the applicator 386 may include
a therapeutic coil and a targeting coil {e.g., a small non-treatment coil), which may be
positioned a certain distance behind the therapeutic cotl, e.g., about 5 om behind the
thevapeutic coil. When fiving of the targeting coil is sensed by the sensor {or user-
feedback}, the therapeutic cotl may be positioned i the correct or optimal position over
the frontal cortex {or depressive therapy.

{6217} Figure 39 shows a migraine applicator 390 which is designed or configured to
be positioned relative to, in proximity f© or over an occipital nerve. The applicator 390
may be ergonomic or contoured to a face or head to be positioned relative to a face oy
head to stimulate the occipital nerve.  The applicator 390 may generate an
clectromagnetic or magnetic field focused on the occipital nerve to half, prevent or treat
migraines. The apphcator 390 roay have an ergonomic design to ensure appropriate
placement over the occipital nerve. In one variation, the applicator 390 may be a single
{or fow) pulse device. The applicator 390 may be in a portable format, The applicator
390 roay also be without any significant cooling features. Optionally, the applicator 390
may have cooling {eatures. In another variation, an applicator may be a mulliple pudse,
higher frequency device. Such an applicator may include cooling features, where
cooling 18 provided by utilizing Hquids or airflow, such as rapid airflow to cool the cotls
or apphicator.

{0218} Figure 40 shows a vaniation of an applicator 396 in the form of a stimalator
coil platform which may be ergonomic and contoured to a knee. The applicator 396 is
configured to be positioned relative to or in proximity 1o a knee or the applicator 396 is
configured such that 4 knee may be positioned relative to or i proximity to the
applicator 386, The applicator 396 may be configured to generate an electromagnetic or
magnetic field focused on the popliteal nerve for peripheral nerve stimulation to treat
various conditions, e.g., overactive bladder, neuropathic pain or restless legs. Inone
variation, a stimulator cotl may target an area behind a patient’s knee or the poplileal

fossa, and the knee may be rested on a stimulator coil platform applicator in any position.
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{3219} n certain variations, an apphcator may nclode one or two (bilateral)
magnetic field generating coils, which may be positioned around the knee when the
patient is in a sitting, standing or prostrate position. in certain variations, a pulse
generator or logic controller 397 may send energy through one or move coils o create an
electromagnetic or magnetic feld. The applicator or coils may generate stimulator or
non-stirnulator ficlds.  Sensor or user feedback may provide feedback o logic controller
o optimize therapy, e.g., with the stimulator ficlds. An applicator may be utilized for
generating magnetic felds focused on an area of a patient’s body, e.g., the knee, to treat
various orthopedic indications, ¢.g., knce pain or osteoarihritis. An applicator may be
utilized for generating maguoetic fields focused on a arca of a patient’s body to treat
various nou-orthopedic indications, via, ¢.g., peripheral nerve stimulation.

{0220} Figures 30A-30B, show a vartation of an applicator 400 which may be
utilized for popliteal nerve stinmulation and/or treatment of the knee. The apphceator may
be designed or configured to generate an electromagnetic or magnetic ficld focused on
the poplhiteal nerve for popliteal nerve stimulation or on the knee for treating
osteoarthritis. The applicator is configured to be positioned relative to or in proximity to
a knee or the applicator s configured such that a knce may be positioned relative to or in
proximity o the appheator. A leg may vest on the apphicator coil or be positioned above
it. Optionally, as shown in Figure 30B, a foot rest 104 may be provided for holding up a
foot.

{0223} Figure 41 shows a system including a variation of ao ergonomic back
applicator 410 held on a patient’s body by an ergononuc positioning element 411 in the
form of a shoulder hamess. A sensor 412, and a logic controller 414 ave also provided.
The applicator 410 may include various positioning clements 411, e.g., a shoulder
harness, an upper torso garroent, or an ergonomic back-countered plate. The applicator
410 may be stimudator or non-stimudator. In another variation, an applicator may be
rested on a seat or chair such that a stimulator coil reliably overlies the area of the
patient’s body requiring stiraulation. In certain variations, one ot more coils may be
fixed on the apphicator (requiving prior targeting by a heahltheare provider or patient) or
one or more cotls may move frecly within or along the applicator and may be locked into
positien when the desired or optimal position is located. Coils may also move
automatically in order to optimize targeting of the coil based on sensor or user feedback.
The system may be mcorporated mnto a single wmt or, as tHustrated, have at least two

componenis including a separate logic controler.
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6222} For any of the applicators deseribed hevein, such applicators may include one
or more of the following featores. The applicators may be ergonomic or contoured to the
specific region of the body or anatomy to which the apphcator will be delivering

o

stimulation. The apphicators may be configured or designed to be positioned relative to,

on, around, or in proximity to a specific region of the body or the apphicators may be
configured or designed such that the targeted region of the bedy may be positioned
relative to, on, around or In proximity to the applicator.  The applicators may be
openable or adjostable to allow for insertion or entrance of the targeted body part or
anatomy inio the applicator or to allow for placement of the applicator onto or arcund the
targeted body part or anatomny. The applicators may be flexible or ergonomic to
accoromodate nearly any type of body habitus. In certain variations, a solenoid-type coil
may incorporated into an applicator for dehvermg PEMF stimulation directly to the
targeted arcas or regions of a body.  In certain variations, any of the applicators
described herein may approximate the respective targeted body arca or anatomy or the
applicators may be designed such that the body region or targeted anatoroy may
approximale the apphcator.

{0223} in certain variations, any of the applicators or systems described herein may
be used to provide clectromagonetic or magnetic mduction therapy with or without a
SENSOT.

{0224} In certain variations, electromagnetic stinmlating devices or applicators for
providing stimulation to tissues of the human body, including nerves, muscles (including
superficial and deep muscles), and/or other body tissues for the treatment of various
conditions, mclading, e.g., chronic and acute pain, are provided.

{0225] The devices may utilize an inductive coil encased within an ergonoroic, body-
contoured apphicator to target specific regions of the body. The coils may be designed to
target peripheral nerves throughout the body that have been imphicated or involved in
pain syndromes.

{3226] The various designs and configuration of the devices described herein aliow
for casier applhication, more consistent therapy and home use while targeting anatomic
regions with therapeutic pulsed electromagnetic 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 benefif, With intermittent external stimulation by pulsed

electromagnetic or magnetic fields, a nerve or other tissues may be stimulated i yanner
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that provides a continged and lasting effect on nerve, muscle or tssue function, without
habituation.

2271 The electromagnetic or magnetic tnduction stimulation devices described
hevein substantially toprove the state of the att electromagnetic stimulation technology
and may incorporale the delivery of PEMF therapy into a user friendly, body contoured
applicator.  In certain variations, a delivery system for PEMF therapy may include
clements such as, e.g., {1} an ergonomic, body contoured applicator which provides for
repetitive application and consistent therapy onto the same body area. The applicator
may be coeded with clear markings to facilitate repetitive and consistent therapy onto the
same body ares; (2) the use of a seusor 1o provide feedback that stimoulation is ccquring
effectively; and/or (3) the use of ntermutient stimulation to effectively treat various
conditions, e.g., chronic pain, without habituation. These elements mdividually or the
various combinations of these clements have provided for an easy to use, ergonomically
designed system that has applcations within a host of clinical and home ease of use
health apphications.

{3228} {n certain variations, an clectromagnetic or magnetic induction stimulation
device able o provide stimulation to tissues of the human body, including nerves,
muscles (including superficial and deep muscles), and/or other body tissues without
significant discomfort {0 the patient 18 provided. Conductive stimulating 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 arca. The
design of the applicator allows for ease of use and also for the targeting of anatonuce
regions 1o be exposed to the impulses of the PEMFs. The electromagnetic stimuolating
device may provide PEMF in a manner that is patient user friendly and the device roay
be portable. The device may be utihized n a hospital, an outpatient chinic, a therapist’s
office, or al a patient’s home.

{0229] In certain variations, an electromagnetic or magnetic induction stimulation
device may stimulate regions of the bedy to treat conditions requiring both maxiral
stimnidation (Le., sufficient to cause contraction of muscle fibers and firing of nerves) as
well as submaximal stimulation {which will be sufficient to provide therapy but not to
cause coniraction of muscle fibers).

{0236 The electromagnetic or magnetic mduction or stimulating devices described
herein may be utilized for various mdications. The indications may be divided info

maximal and submaximal categories, in which the former requires significantly higher
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fevels of indocting current than the latter. The maximal apphications of the device
inchude, but are not limited to: Non-invasive stimulation (intermittent or continuous) of
the peripheral nervous system f{or treating chronic painy stimulation of 8 nerve {or 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 limb or other body part, or undergoes surgery, such as
ACL repair in the kneg; treatraent of neurogenic or overactive bladder and bowel; and
stimidation of the central nervous system to alter neural pathways or up/down-reguolate
the aforementioned factors.

[3231] Additional applications of the devices include but are not imited fo: treatment
of neuropathic pain {e.g., phantoro pain in limbs or other neurologic pam) or orthopedic
pain (back and neck pain or skeletal related pain); weatment of overactive bladder and
bowel; and treatment of arthritis and/or orthopedic conditions.

{3232] Iu certain variations, a device is provided for delivering PEME stimulation to
selective anatoroic regions of the body, utthzmg an ergonomic apphicator designed to
facilitate accurate and targeted delivery of therapy. The applicator may be coded with
clear or solid maarkings to provide for repetitive application and consistent therapy onto
the same body area of the body. This design may facilitaie the placement of the device
for the stimudation of key nerves, museles, and/or body tissues.

{0233} In certain variations, a device is provided which may be utilized to
clectromagnetically stimulate selective nerves, muscles, and/or body tissues, where the
device 18 user friendly aund capable of being used even by an unskilled paticnt in a home
healthcare setting,

{0234} In certain variations, a device is 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.

{6238 In certain variations, an electromagnetic or magnetic induction system or
device may be configured or designed to provide intermittently apphied pulsed magnetic
fields in the treatment of chromc conditions, such as pain. For example, a device as
described herein may provide shorter, intormittent stiraulation (o treat chromnic pain or
other chromie 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 other chronie neurological and orthopedic conditions such as neuropathic pain,
restiess legs and orthopedic pain (e.g., spinal pain, back pain, ete.)
{0236} In certain variations, micmmitient pulsed magnetic ficlds may be utihzed for
the treatroent of chronic and acute nou-orthopedic conditions such as newropathic pain,
phantom pain and chronic neuralgias, as well chronic and acute orthopedic conditions,
such as back pain and neck pain. The therapeutic magnetic ficlds may be applied
frequently {e.g., several times a day) or less frequently {¢.g., once a week or once
month) depending on the durability of the effect for the individual patient. Treatment
involving the use of magnetic fields does not require surgery or needles to stirmulate a
nerve. Alsg, the deliver of intermitient pulsed magnetic fields prevents the nerve from
becomung habituated to the stinundator signal by ensuring that there are periods durtng
which the nerve is not subjected to the stimulator signal. Accordingly, the
clectromagnetic or magnetic induction systems or devices described herein may provide
unparatieled case of use, non-invasiveness, reliability of therapy based on sensor
feedback and/or ergonomic targeting, and/or a lack of habituation due to intermittent
stimidation provided by certain systems and devices.
{0237} In certain variations, the clectromaguetic or magnetic induction systems or
devices described herein may incorporate an air-cooled cotl wherein the air coolant, e.g.,
hguid or air, i3 drawn through and/or in between the turns of the indactive coil, in direct
contact with conductive surfaces of the coil. Drawing air or other fluid through the coil
prevents the cotl from heating up to the degree that could damage the coil and the
clectronics of a device, or expose the patient 1o excessive temperatures.
{3238} In certain variations, the systems and devices described therein may be
utihized to stimulate nerves for a variety of conditions, jncluding, e.g., atrophy
preveniion, nerve repair/regeneration, neuromodulation, chronic pain, up ot down
regulation of hormones, restless legs, phantom pain, ete. The systems and devices may
also be used to stimulate muscles and/or other body tissues to accelerate tissue healing,
regencration and/or growth.
{(239] {n certain variations, the eleciromagnetic or maguoetic induction systems or
devices described herein and other implantable or extracorporeal devices may allow for
the autoratic adjusting of nerve stimnulation based on feedback.
{82404 in one variation, an extracorporeal or implantable device, e.g., any of the
electromagnetic or magnetic induction devices desceribed herein, a pacemaler,

defibrillator, or nerve stimudator, may include a feature that allows for antomatic
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adpastment 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 tnchide a stimulator and a sensing component. The stimulator may be
automatically adjustable based on feedback from the sensor ap to a maximal (safe)
threshold. Each therapy may start with lower powered pulses, followed by inereasing
power pulses until the sensor detects stimulation. The algorithm aliows for the minimal
amount of power to be used and allows for autoroatic adjustment of power setfings as

conditions change.

8244 in one variation, an implantable device may inclode a sensor, such that the
device can stimulate tissue or nerves and sense stimulation at the same site. For
exanple, the sensor may provide feedback to the nmplantable device regarding nerve
conduction at the site of stimulation. As fibroses develops around an implant, at the site
of stiulation, the feedback will indicate whether a target nerve is no longer being
effectively stimulated due to the Gbroses, which will cause the power or level of
stinuddation 1o fnerease or decrease, as is necessary, o effectively stimulate the target site
and overcome any obsiruction due to fibroses. As fibroses seours 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 eliminate
the guesswork involved by the user in montioring their therapy one day at a time on their
own, as they notice the effect of the therapy wear off. This also eliminates the risk of the
user being exposed to unnecessarily high power levels that might otherwise by set in
vder to minimize frequent returm visits o a physician or operator for adjustiments
{32421 Figures 424 and 42 show an example of how the amount of stimoulator power
required to achieve a desived stimulus may be automatically adjusted as a result of
fibroses, according to the above described feature. According to Figure 424, after the
initial implant of the device, the level of stimulator power is increased until stirnulation
of the target nerve or tissue is sensed (indicated by square box at, e.g., about {0mV). An
effective stimulator therapy may then be delivered. According to Figure 421, after
fibroses sets m, in order to maintam the desired level of stimulation to provide an
effective stimulator therapy, the Iovel of stimulator power is increased until stimulation
of the target nerve or tissue 18 sensed (indicated by square box, e.g., at 20 mV).
According to the example in Figure 42B, the presence of fibroses required an increase in

the stimulator power level to deliver an effective stimulator therapy.
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{8243} The automatic adjustment feature based on sensor feedback may be uiitized in
any stimulator or non-stiraudator implant or extracorperal device, where the device
incorporates a sensor capable of detecting the desired stimwlus and a feedback loop
capable of automatically adjustmg parameters {¢.g., power, frequency, eic.) 1o cosure
appropriate stimilation.

0244} In certain variations, the cleciromagnetic or magnetic indaction systems or
devices described herein and other implantable or extracorporeal devices may incls
feature that allows for automatic targeting of coils.

[3245] A device may include multiple inductive coils or one or more movable
inductive coils. The device may aiso include a sensor based feedback algorithm. Inone
variation, the device includes a targeting or roovable coil which may be positioned over
oF In proximity to a patient’s body at a site that elicits a response that can be sensed
automatically or detected by a user. OUnec this response is detected, the coil may cither
move 1o its stimulation position, or in the event that a sroall targeting cotf is used, the
therapeutic coil may already overlie the treatiment area. Once the response is detected,
the therapy may automatically begin.

{82461 in one example, relating to the treatment of depression, the motor cortex is
stimulated until the thumb is seen to move. The coil may then be advanced, e.g., about 5
e to about 5 mches, forward to a position over the frontal cortex. This feature
chminates the guesswork that may otherwise be tnvolved in moving or positioning a coil,
and automates therapy based on user feedback or EMG senor or other sensor feedback,
¢.g., over a thumb.

{3247} Figure 43A shows an example of a device 420 positioned on askufl. The
device jncludes a treatment coif 422 and a fargeting cotl 423, The treatmuent coil 422
may be positioned by EMG detection with targeting coil 423 stimulation, where the
targeting cotl may not move.

{248} {n another variation shown in Figure 438, an ergonormic fixture or apphicator
430 {e.g., a helmet) may be worn and a coil 432 positioned on the applicator may slide or
move Tom its targeting position 1o its therapeutic position automatically or by user
infervention.

3249} The feature that alfows for automatic targeting of coils may be uiihzed in any
device designed to stimulate nerve, body or other tissues with stimudator or sub-
stimulator felds in which the device may be targeted based on a detectable signal or
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{3258] Other conditions that may be treated utilizing the various electromagnetic or
magnetic induction stimulation systems and methods described herein include but are not
hmited to: pelvic pain, interstitial cystitis, fibromyalgia, chronic fatigue and preterm
tabor, pan syndroroes, hritable Bowel Syndrome, Vulvodyma, Herpetiue neuralgia,
rigeminal neuralgia and Myofascial pain.

{0251} EXAMPLES

{6252} The following Examples are provided for ithustration, not imitation. Oune with
skill in the art would be able to use these examples as guidelines for making and using
comparable devices.

{3253 In cach example, infermoittent therapy should be applied and symptoms/scores
tracked for a mimimum of & weeks in order to deternuine the full extent of the therapies
effect.

{0254} Example 1: Empirical Testing of Efficacy in the Treatment of Neuropathic
Pain: The optimal stirankus intensity for neuropathic pain treatment; the optimal
application parameters, 1.¢. Teguency of stimulation, duration of treatment, location of
stimidator coils in each disposable array of coils; and the optimal coil
diameter/placement within the strays can be determined using the following
experimental protocol: Befove, during and after reatment, patients will report scores of
neurepathic pain after weekly stimulation over a minimum of 6 weeks.

{H255] Example 2: Empirical Testing of Efficacy in the Treatment of Neuromuscular

Pam: The efficacy of neuromuscular pain treatment can be tested by monitoring patient

o
Fa
H

reported pain scores, A standardized scale may be utthzed and, when feasible, local
biopsy and blood tests can be useful in determining the impact of the therapeutic ficlds
on circulating factors and local mediators. The optimal pulse amphitude, duration, site of
stimulation will be assessed based on reported patn scores and diagnostic tests.

{0256} Example 3: Empirical Testing of Efficacy i the Treatment of Orthopedic
conditions (i.e., Arthritis, Back pain and neck pam): The efficacy of arthritis treatment
can be tested by monitoring patient reported functionality scores. A standardized

subjective functionality scale may be olilized and, when feasible, local biopsy may be

-
(49

1857]
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ns treated. As cartitage destraction 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 stimulation will be agsessed

based on reported functionality scores and diagnostic tests. Pain scores may also be
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measured to determine the device’s impact on orthopedic conditions such as back pain,
neck pain, elc. A standardized pain scale may be used before and after freatment to
determine potential benefit.

{02571 1 18 also contemplated that any of the energy emitting systems or devices
described herein can be used with or without! a sensor for detecting conduction of a
stimulated nerve or muscle of tissue stimulation resolting from the electromagnetic or
magnetic ficld generated by the conductive coil and delivered to & patient or an electrical
stirilus dehivered to a patient. Also, in any of the above variations, a controller may
optionally be connected, coupled, integral (o or otherwise in communication with the
conductive cotls and/or the sensor. Optionally, the sensor may be connected, coupled,
mtegral 1o or otherwise in communication with the conductive coil.

{258} In certain vanations, transdermal elecirical stimulation therapy may be
provided to a patient or subject. One or more stirouiator electrodes may be positioned
over a glabrous skin surface overlying a target nerve of the pationt.  Electrical
stimuddation or an electrical stimoulus may then be dehivered via the stimulator electrode
through or across the glabrous skin surface to the target nerve in the patient, to stimulate
the target nerve. The elecirical stimulation roay be delivered at a level and n a maoner
sufficient to generate motor and/or sensory nerve conduction. For example, the electrical
stimulation may be dehivered at a frequency of about S Hz to about 80 Hz or about 20
HZ or 3{} Hz to about 60Hz or greater than 30 Hz, while remaining safe and tolerable to
the patient. The stimulation may be delivered in a non-invasive manner.

{(259] The stimudator electrode moay be positioned over or on various regions of the
body. In certain variations, the stimulator electrode may be positioned over a pahm or
plantar skin surface. For exarmple, the stimulator clectrode may be positioned over a
glabrous skin surface overlying a plantar nerve of the foot, where the electrical
stimulation may stimulate the plantar nerve. Stimulation of the plantar nerve may resolt
in stimulation of the tibial nerve to treat various conditions, such as urinary incontinence
o overactive bladder,

{1268] Various types of clecirodes may be utihized as a stimulator electrode, e.g., a
sarface electrode, microneedle electrode, a TENS (franscutaneous electrical nerve
stirnulation) paich or other ciectrode that may be positioned over or on the skin surface.
Optionally, a conductive substance may be injected or implanted near the target nerve to
mmprove electrical conductivily to the target nerve from the stimulatory electrode.

Electrical stimulation may be delivered intermitiently or on a chronic basis and may
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include one or more elecirical signals designed to be constructive and/or destructive in
order to improve tissuc penetration and/or signal tolerance.

{02611 In certain variations, nerve stimulation resulting from the clectrical
stimulation therapy may be detected via at Teast ove sensor positioned on of neay the
subject. The sensor may provide a signal indicative of the detected electrical stimulation
therchy providing feedback about the efficacy of the apphed clectrical stimulation
therapy such that the therapy may be adjusted or optimized. The feedback loop may be
queried such that the clectrical stimulation therapy may be adjosted to ensuore that the
minirum amount of energy is being applied to stimulate the target nerve while reducing
the risk of burns or infolerance. Optionally, the feedback loop may be queried such that
the positioning of the stimulator electrode may be adjusted to optimize the electrical
stimulation therapy. Various sensors may be utihized, including but not mited to a
surface electrode, a microneedle clectrode, 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
refated nerve.

{0267} In certain variations, a ground electrode may be utilized. For example, the
ground clectrode may be positioned on the subject to facilitate penetration of an
electrical current from the stimulatory electrode through the glabrous surface to stimulate
the target nerve.

{3263] In certain variations, a stinmilator electrode may be positioned over or
attached to a glabrous skin surface with an adhesive or other form of attachment or
fastener. In other variations, a stiroulator electrode may be positioned over or held in
contact with a glabrous skin surface with an ergonomic apphicator.

{0264 Various apphicators for positioming electrodes over various regions of the
body o deliver electrical stimulation, e.g., transdermal electrical stimalation, may be
ulifized. For cxample, an applicator may be in the form of an insole configured to be
positioned against, over, or in contact with the plantar surface or a glabrous surface of
the foot such that an electrode positioned on the insole may deliver electrical stnudation
through or across the glabrous skin surface, to a target nerve or other tissue within the
foot. The insole may be configured {0 be positinned in an orthotic or a shoe such that
electrical stimulation may be delivered to the subject while the subject is walking. In
other variations, an apphcator may be a {oot plate or foot rest or cradle on which a foot

or other portion of the leg or body may be positioned to reccive clectrical stimulation
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through or across a glabrous skin surface, from the plate, rest or eradle or from electrodes
of the plate, rest or cradle.

{0265] In another variation, an applicator may be a glove, brace ot other hand wrap
which is configured to be positioned against, in contact with, or over the palmar surface
or a glabrous surface of a hand. An electrode of the glove, brace or wrap may deliver
clectrical stimulation through or across the glabrous skin surface o a target nerve or
tissue within the hand.

{266} Various applicators or ergonomic apphicators may be uiihized to provide
transdermal clectrical stimulation therapy fo a subject. In certain variations, an
applicator ray tnclude one or more stimulator electrodes and one or more clectrical
pulse generators or controllers. The electrical pulse generator may be coupled to the
stimulator electrode. The electrical pulse generator may be mcorporated into the
applicator. Optionally, the clectrical pulse generator may be separate from the applicator
or located remotely from the applicator or stimulator electrode. An applicator may
melude one oy more sensor electrodes configured to detect nerve stimulation and/or
provide feedback about the efficacy of the apphied elecirical stimulation therapy. Such
feedback may allow the therapy fo be adjusted, modulated and/or optimized. A sensor
may detect mootor and/or sensory nerve stimulation. For example, a sensor may detect
afferent or efferent nerve stimulation. In cerlain variations, the positioning of the
stimulator clecirode may be adjusted based on fecdback from the sensor in order to
opfimaize the clectrical stimudation therapy.

{0267] The applicator may also mclude one or more ground or ground electrodes.
The ground electrode may be a component of the apphicalor or may be attached to the
subject separately via a strap or other attachment. The ground clectrode may be
positioned on the subject at a location that facilitates penetration of an elecirical curvent
through a glabrous surface to stimulate the target nerve, e.g., on the opposite sarface of a
body portion relative to the stimulator electrode.

{1268} 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 surface 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 msole may be positioned in an orthotic or a shoe. An
applicator may also be in the form of a foot plate, cradle or foot rest. In other vanations,

the applicator may be designed to stimulate a portion of a hand or upper extremity. For
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exarple, an ergonomic apphicator 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 clecivode of the
glove or brace may deliver electrical stimulation across a glabrous surface to a target
nerve withm the hand.
{0269] Any of the various applcators or ergonomic apphicators described herein may
bie designed or configured to position or locate one or more stimulator electrodes over or
on a glabrous skin surface of a patient to deliver transdermal clectrical stimulation
through or across the glabrous skin surface to an underlying target nerve or other tssue
to stimulate the target nerve or tissae. In certain variations, an clecirical stinwlation or
stimulus may be delivered at various frequencies, e.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.
182701 In other variations, one or more stimulatory electrodes may be otherwise
attached to a skin surface, ¢.g., as a wired or wireless paich, adhesive or microneedie
clectrode in the absence of an ergonomic applicator, to deliver electrical stimulation
across ot through a glabrous skin surface to stimudate an underlying target nerve or
fissue.  Such electrodes may be used in combination with one or more ground or sensor
electrodes. Such stimulatory electrodes may deliver electrical stimulation or an electrical
stimulus at various frequencies, e.g., at a frequencey of about § Hz to about 60 Hz, or
greater than 30 Hz, while remaining safe and tolerable to the subject
{627} o certain variations an applicator may inciude two or more stimulator
clectrodes or two more stimulator elecirodes may be utilized without an applicator,
{0272} {n certain variations, methods, systerns and/or applicators for providing an
energy based stimuolation therapy {0 4 subject are provided. An energy emitting device
may be positioned in proxiraity to a glabrous surface overlying a target tissue. Energy
may be delivered from the energy emitling deviee throogh or across the glabrous skin
surface to the target tissue to stimulate the target tissue, such as a target nerve, Varions
1ergy sources or forms of energy may be delivered by the energy emitting device,
ncluding but not limited 1o, an electric current, an electromagnetic or magnetic field or
clectromagnetic or magnetic induction stiroulation, ultrasound, or R¥ fields. Energy may
be delivered at various frequencies. For example, the energy may be delivered at a
requeney of about 5 Hz to about 60 Hz, or greater than 30 Hz, while remaining safe and
tolerable fo the subject.
{0273} The energy based stimuiation therapy may be utilized to treat various

conditions, inchiding but not Hmited {o, overactive bladder, urinary incontinence, {fecal
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incontinence, chronic pain, depression, migraine, epilepsy, ohesity, restless leg
syndrome, or oot drop. Energy may be delivered through a glabrous skin surface to
provide neuromodulation to stimulate other tissue. Tissues that may be stimulated
melude but are not Hmited a central nerve, peripberal nerve, mouscle, skin, or vasculature.
5 Optonally, conductive substance may be implanted or injected near a target tissue to
improve conductivity to the target tissue
{0274] o one variation, a method for treating urinary incontinence or gveractive
bladder in a subject may mchide one or more of the following steps, a stimulator
clectrode, (£.g., in an applicator or as an adhesive or attachment clecirode as described

1 above) may be positioned over a glabrous skin surface overlying a plantar nerve or other

nerve i the foot, An clectrical stimulation may then be dehivered through or across the
glabrous skin surface to the plantar nerve to stimulate the plantar nerve which results in
stimulation of the tibial nerve to treat urinary incontingnce or overactive bladder, e.g., via
stinudation of the sacral plexus or pudendal nerve.

5 9275 in other variations, any of the various electrical stimulation methods and
clectrical stimulator applcators or electrodes may be stilized to treat any of the
conditions described herefun.

{0276} In certain variations, moethods, systems and/or applicators for providing an
energy based stimulation therapy to a subject are provided. An encrgy emitting device

20 may be positioned in proximity to or over a skin surface overlying a target nerve or
fissue. The energy emiiting device may include any of the devices, systems or
applicators described heremn and/or llustrated in any of the various figures 1-49, ¢.g., an
clectrode or applicator for delivering electrical stimudation or an applicator for providing
clectromagnetic or magoetic stimudation or induction therapy. Energy may be delivered

25 atafrequency of about | Hz to about 30 Hz through or across a skin surface {e.g, &

glabrous sk surface or any other skin surface or non-glabrous skin surface} to the a
target nerve to generate motor and/or sensory nerve conduction while remainﬁng safe and
tolerable to the subject. In certain variations, energy maay be delivered at & frequency of
less than 10 Hz to generate motor and/or sensory nerve conduoction,

30 (8277 Energy dehvered transdermally, through, or across a patient’s skinat a
frequency from about 1 Hz fo about 30 Hz, or at a frequency of less than 10 Hz has
unexpectedly been found to stimulate or generate motor and/or sensory conduction in a
target nerve. For example, energy delivered transdermally, through, or acress a patients

skin at about 1 Hz to about 30 Hz, or at less than 10 Hz has unexpectedly been found to
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stimilate 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
incontinence, overactive bladder, fecal incontinence or other conditions. The energy
may be delivered through or across a glabrous skin surface or non-glabrous skin surface
or any other skan surface {e.g., any skin surface overlying a tibial nevve).

{0278} Various encrgy 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 field, ultrasound, or RF fields. The energy based stimudation therapy may be
utilired {0 treat various conditions, including but not fimited to, overactive bladder,
urinary incontinence, fecal incontinence, chronic pain, depression, migraine, epilepsy,
obesity, vestless leg syndrome, or foot drop. Energy may be dehivered through a glabrous
skin surface or any other skin surface to provide newromodolation to stimulate other
tissue. Tissues that may be stimulated include but are not limited a coniral nerve,
peripheral nerve, muscle, skin, or vasculature. Optionally, conductive substance may
implanted or injected near a target tissue to improve conductivity to the target tissu

{6279} 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
mmnervate the sole of the foot and anise from the posterior branch of the tibial nerve,
Various stimulator sites for stimulating the plantar nerves or branches thereof mmay be
located near, in proximity to or along the plantar nerves. Figure 44 shows one example
of a stimnudator site 510 located over the glabrous surface of the foot, over the plantar
nerves. A sccond exernplary stimulator site 512 1s also depicted at a location over the
glabrous surface of the foot, over the plantar nerves, distal to the first stinmlator site 516,
An energy based stimulus, ¢.g., an clectrical or electromaguetic stmulus, may be
delivered ransdermally, through or across a glabrous surface of the foot at one or more
of the stimulator sites to stimulate the plantar nerves or other nerves in the foot.

{02801 In certain variations, clectrical stimulation may be delivered transdermally,
through or across & glabrous surface on a subject, e.g., through or across a glabrous
sarface of the foot or hand. The electrical stimulation may be sufficient to generate
conduction of motor and/or sensory nerves. An elecirical stimulation may be delivered
by placing one or more electrodes anywhere over or on a glabrous skin surface overlying
one or more target nerves or other target tissue. Stiroulator and/or ground electrodes may
be stilized. Excemplary elecirodes may mchide but are not limited to surface electrodes,

dry electrodes, gel clectrodes, microncedie electrodes or any other suitable elecirode for

06

PCT/US2014/025718



WO 2014/151431 PCT/US2014/025718

14

30

delivering an electrical stimufas. An electrode may be adhered or otherwise attached to a
glabrous surface. Optionally, an elecirode may be held or positioned in contact with, in
proximity to, or over a glabrous surface with a4 wearable garment, cradie, applicator or
body portion rest or support {as deseribed i further detail herein).

{02811 In one variation, electrical stimulation may be delivered to one or more of the
stinulator sites or similar sites depicted in Figore 44, by positioning one or more
clectrodes over & glabrous surface of the foot, over an undedying plantar nerve or other
target nerve. A ground electrode (not shown) may be positioned anywhere on the foot.
For example, the ground electirode 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 nerve or other target
nerve within the foot.

{0282} DBelivery of electrical stimulation through or across a glabrous surface of the
body via an clectrode positioned over a glabrous surface, ¢.g., a glabrous surfacc on a
palmar or plantar surface, unexpectedly allows for the use of a higher frequeney and/or
higher amplitude elecirical pulsation or elecirical stimuhus to deliver the electrical
stimulation than would otherwise be safe and/or tolerable 1o deliver electrical stimulation
through a non-glabrous surface of the body. For example, an clecinical stimulus having 4
frequency of about 5 Hz to about 60 Hz (a range found to be effective for gencrating
motor and/or sensory nerve conduction of the posterior tibial nerve) may be utilized to
stinuidate a target nerve (fo generate motor and/or seusory nerve conduction therein) or
fissue through or across a glabrous skin suwrface {via an electrode positioned over the
glabrous skin surface) in a manper that remains safe and tolerable to the patient and
avoids burns or njury. Optionally, an electrical stimulus having a frequency of about 5
Hz to about 60 Hez, or greater than 30 Hz, may be utilized.

{3283} In contrast, stilizing an electrical stimuius having a frequency of about 5 He
to about 60 Hz or greater to stimulate a target nerve or tissue through a non-glabrous skin
surface {via an ciectrode positioned over the non-glabrous skin surface) is intolerabie and
painful, resulting in burms or mjury, and thus roaking such a procedure impractical and
not feasible.

{3284} For example, delivering clectrical stimulation through a non-glabrous surface
of the body, for example, by stimulating a site overlying a nerve near the medial
malleclus to elicit a motor response of the abdactor hallucis Tongus, generates a paintful

shock o the patient. While al a single pulse, such as in the use for EMG diagnostics,
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such electrical stimulation may be tolerable, as the fequency mcreases, the shocking
sensation builds and quickly becomes paintul and intolerable.

[B285] 11 is conteraplated that other energy sources, for example, an clectromagnetic
or magonefic stinuilus having a frequency of about 5 Hz to about 60 Hz, or greater than 30
Hz, may be atilized to simulate a target nerve or tissue through a glabrous surface in a
manner that rernains safe and tolerabice to the patient.

1286} Various electrodes and/or apphicators for applying an electrical or other
energy based stimolation to a patient are described herein.

{3287} Figure 45 shows one variation of an ergonomic inscle or shoe applicator for
delivering clectrical stimulation over the glabrous surface of a foot. The ergonomic
msole 520 may jnclude one or more stimulator electrodes 522 for delivering electrical
stimulation to a user. The electrode 522 may be attached to or positioned in the
ergonoric insole 320, The ergonomic fnsole 520 may hold or position the stimulator
clectrode 522 against, in contact with, or in proximity to 2 glabrous surface of the foot, 1o
deliver the electrical stimudation through the glabrous surface to an underlying target
nerve or lssue.  Optionally, the electrodes may be utilized for providing stimulation,
sensing and/or grounding. In certain variations, the elecirode may be attached o one or
more wires or may be wireless and/or coupled to an electrical pulse generator or other
generator or controller and/or may not be attached to or positioned in an ergonomic
insole. Any of the clectrodes described berein may be durable, reusable, and/or
disposable.

{288] An electrical pulse generator 524 or other generator or controller may be
coupled to the stimulator electrode 522, The electrical pulse gencrator 524 may be
incorporated into or attached to the ergonomic fnsole 520, A ground clectrode 526 or
other ground may also be provided. The ground electrode 526 may be attached to a strap

or band extending from or attached to the ergonomic insole, an orthotic, shoe, or shoe

applicator or elsewhere on the user’s body. The ground electrode may be attached to one
OF more wires or may be wireless and/or may be coupled to the stimulator electrode 5
and/or the pulse generator or controller. The ground electrode 526 roay be positioned
anywhere on the foot. For example, the ground electrode 526 may be positioned over a
posterior or upper surface of the foot 1o 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.
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{3289} {n certain variations, the elecirical pulse generator or controller may be
lecated distant or remotely from an ergonomic insole and the electrade positioned
thevein. For exarople, the elecirical pulse gencrator 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 commumcate with or be coupled to the stimulator electrode or
other electrodes via a wire or wirclessly.
{02501 In certain variations, the ergonomic insole may be custom built into an
orthotic, shoe applicator or other support for the foot. For example, the ergonomic msole
may be built info an orthetic or shoe applicator providing the user with the freedom to
walk around while receiving electrical stirouiation therapy.
(2611 Other ergonomic applicators, designed for other regions of the body, may be
utilized for delivering electrical stimulation over various regions of the body. For
exarnple, Figure 48 shows a glove, brace or other hand wrap or glove like applicator 550.
The apphicator 550 may include one or more stinwdator electrodes 552, such that the
applicator 550 may hold or position an clecirode 552 over or i contact with a glabrous
surface of the hand or palmar region of the hand to deliver electrical stimualation through
or across the glabrous surface, to an underfying target nerve or tissue within the hand. A
ground electrode 556 or other ground may be attached to the hand at another location
and/or may be attached to a strap of the applicator. The stimulator and/or ground
clectrodes 552, 556 may be coupled to an electrical pulse generator 554, which may be
posttioned in the applicator 550 or at various locations on or away from the patient.
Optionally, a sensor electrode (not shown) may be attached to the paticnt to detect nerve
or other tissue stimulation and to provide feedback regarding the efficacy of the therapy
in order to optintize the therapy. The sensor may be coupled 1o the electrical pulse
generator 554,
{0293} In other variations, an apphicator 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
to receive electrical stimulation therapy from the plate or from one or mwore clectrodes
attached to the plate. In another variation, 4 user may rest or position the palm of their
hand on a hand plate or support to receive electrical stimulation therapy from the plate or
from one or more electrodes attached to the plate to provide upper extremity stimulation.
{0293} Figure 46 shows another variation of an ergonomic msole ot shoe apphicator
for dehivering elecirical stimulation over the glabrous sarface of'a foot. The ergonomic

insole 530 may include one or more electrodes 532 for delivering electrical stimulation
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to auser. The electrode 532 may be attached to or positioned in the ergonomic insole
530, The ergonomic insole 20 may hold or position the electrode 532 against, in contact
with, or in proximity to or over & glabrous surface or plantar surface of the foot, to
deliver the electrical stiroulation through the glabrous surface to an underlymg target
nerve or tissue. In certain vanations, the electrode may be attached to one or more wires
or may be wircless and/or may be coupled to an electrical pulse generator or other
generator or controller and/or raay not be attached to or positioned I an ergononc
insole.

{3294} An clecirical pulse gencrator 534 or other generator or controller may be
coupled to the stimmulator electrode 532, The electrical pulse generator 534 may be
mcorporated into or attached to the ergonomic insole 530, A ground electrode 536 or
other ground may also be provided. The ground electrode 536 may be attached to a strap
or band extending from or attached io the ergonomic insole, an orthotic, shoe, or shoe
applicator or elsewhere on the user’s body. The ground electrode may be attached o one
or mote wires or may be wireless and/or may be coupled to the stimulator electrode 532
and/or the pulse generator or controller. The ground electrode 536 may be positioned
anywhere on the foot. For example, the ground electrode 534 may be positioned over a
posterior or upper surface of the foot to encourage or facilitate deeper penetration of the
electrical current or stimuldation, through the glabrous surface of the foot, to a plantar
nerve or other target nerve within the foot.

{0255 {n certain variations, the elecivical pulse generator or controller may be
located distant or remotely from an ergonomic insole and the elecirode positioned
therein. For example, the elecirical pulse generator may attached elsewhere on the body,
¢.g., attached fo a belt, inside a pocket or strapped to the calf or other region of the body.
The pulse generator may coronunicate with or be coupled fo the stimulator electrode or
other electrodes via a wire or wirglessly.

{02861 The ergonomic insole 530 may include ong or more sensor elecirodes. For
exarople, in one vartation, as shown in Figure 46, the stimulator electrode 532 may also
act as a sensor electrode. The elecirode 532 may detect stironlation of the underlying
target nevve, to provide feedback regarding the efficacy of the applied electrical
stirnulation therapy. For example, the electrode 532 may detect motor and/or sensory
nerve conduction. Detection of and feedback regarding nerve stimulation via the
electrode 532 may provide for automatic adjostroent of the treatment parameters or may

guide or allow for manual adjustment of the treatment parameters in order o optimize
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stimuidation therapy.  Optionally, an additional sensor electrode 533 may be provided as
well.
{3287] In certain variations, one or more separate or dedicated sensor electrodes may
be attached to ot positioned in the ergononuc insole to continuously and/or intermittently
S sense the stimulation of a nerve. The ergonomic msole 330 may hold or position the
sensor electrode against, in contact with, or in proximity to a glabrous surface of the foot,
to detect stimulation of the underlying target nerve, fo provide feedback regarding the
efficacy of the applied electrical stimulation therapy. For example, the sensor electrode
may detect motor and/or sensory nerve conduction. Detection of and feedback regarding
werve stimulation via the sensor clectrode may provide for autoratic adjustment of the
treatment parameters or may guide ot allow for manual adjustment of the treatment
parameters in order lo optimize stimulation therapy. The sensor electrode may be
coupled or connected to the elecirical pulse generator. In certain variations, the sensor

clectrode may be attached to one or more wires, may be wireless and/or may be coupled

(92

to a pulse generator and/or may not be attached to or positioned in an ergonomic insole.
{3298} 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 stinndation or the position of the area being stimulated in
order to optimize the stimulator therapy.

20 (6299 In certain variation, as sensor electrode may be positioned or placed along the
path of the nerve conduction or motor or sensory irapulse. Optionally, the sensor
clectrode may be posttioned proximal to a stimulator electrode, along the nerve
conduction path

{03601 In certain vanations, the electrodes may be attached 10 one of more wires,

5 may be wireless and/or may be coupled o an electrical palse generator or other generator

o)

r controfler and/or may not be positioned m an applicator or support. For example, one
or more stimulator electrodes may be adhered to or otherwise attached to a glabrous skin
surface of a patient. OUne or more ground electrodes and/or one or more sensor elecivodes
may also be adhered 1o or otherwise attached to the patient. The stimulator electrode,

30 sensor electrode and/or ground may be coupled to an electrical pulse generator and/or
cach other using wires or wirelessly, The elecirical pulse generator may positioned in
various locations ot located anywhere on a patient. For example, the electrical pulse
generator 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.
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{8381} For examiple, Figure 47 shows one vartation of a stimudator 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 another location. The stindator and/or ground electrodes
542, 546 may be coupled to an electrical pulse generator 544, which may be positioned
S atvarious locations on or away {rom the patient. Optionally, a sensor elecirode (not

shown) may be attached o the patient to detect nerve or other tissue stinmiation and (o
provide feedback regarding the officacy of the therapy to optimize the therapy. The
sensor may be coupled to the electrical pulse generator 544,
83821 Figure 49 shows another variation of a stimulator electrode 562 attached to a

13 glabrous skin surface of the hand or paira of the hand. A ground clectrode 566 may be
attached to the hand at ancther location. The stimuldator and/or ground electrodes 562,
566 may be coupled to an electrical pulse generator 564, which may be posttioned at
various locations on or away from the patient. Optionally, a sensor electrode {not
shown) may be attached o the patient to detect nerve or other tissue stinudation and to

15 provide feedback regarding the efficacy of the therapy to optimize the therapy. The
sensor may be coupled to the electrical pulse generator 564,
{03631 fn certain variations, systems and methods for providing electrostinudation
(ES) of the posterior tibial nerve n mdividuals with OAB and Ul via transdermal
clectrical fields, are provided. Various ¢lectrodes for delivering the electrical stimmulation

20 way be utilized, including but not Hmited fo surface clectrodes with and without gel,
microneedle electrodes, and electrodes under strong pressure.
IRIEEY EBleetrical stimulation may be divected to nerves underlying glabrous skin
surfaces of the body (e.g., the palms and scoles). Higher levels of power (than what

would be utilized and tolerated on noun-glabrous skin surfaces) may be sulized when

| ]
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delivering electrical stimulation transdermally, through or across a glabrous skin surface,
while remaining safe and tolerable. For example, stimulation of the plantar nerves or
other nerves of the foot via a surface clectrode positioned over the glabrous surface of
the plantar surface is highly tolerable and results in seusation simsilar to that foond with
needle-based, invasive stimulation of the posterior tibial nerve, but in a non-invasive
30 manser.

{(345] Various 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

intermittent or contimyous basis, Electrical stimulation may be delivered via surface or
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microneedle elecirodes. Various devices may be used m conjunction with implantable or
injectable substances in order to improve ¢lectrical conductivity {0 a farget nerve. As
described supra, the various methods and devices for providing transdermal electrical
stimulation over a glabrous skin swrface may be used to treal any disorder that is

S mmpacted by neuromodulation inchuding, but not limited lo: overactive bladder, urinary
incontinence, focal incontinence, chronic pain, depression, migraine, epilepsy, obesity,
restiess leg, or foot drop. The methods may be apphied either intermittently or, f
necessary, on a chronic basis. A stimulator electrode surface may be held in contact with
a glabrous surface via an adhesive or an ergonomic applicator

0 [8366) Feedback may be provided to the sunudator to indicate that stimulation is
occurring as intended. This may mvolve an eMG type measurerment device, a motion
sensor or other sensing device. This feedback loop may be intermittently queried so that
the stimulation roay be adjusted fo ensure that the miniroum amount of energy is being
used to stimulate to reduce the risk of burns or intolerance.

15 (8387 In certain variations, the device may mclude an ergonomic wrap or cradle.

The sensor feedback may allow for optimization of the positioning of electrodes based

on sensor {eedback further reducing the risk of burns or ntolerance while increasing the
efficacy of the neuromodalation.
{83681 The methods and devices described herein may be uulbized to stimulate

H

20 various body tissues, meluding nerve, vouscle, skin, vasculature, or any other organ or
tissne within the human body. The methods and devices may be used to treat any
suitable condition or perform any suitable fimetion via neuromodulation regardiess of
whether the stimulation source 18 electromagoetic fields, direct electric current,

ultrasound, or RF fields.

o]
L

{8389 In certain varialions, methods, systems and/or devices for performing
neuromodulation and/or fow frequency induction therapy through glabrous skin surfaces,
¢.g., through palmar or plantar surfaces, are provided. The methods and system may be
utilized for treating or preventing various conditions, such as urinary incontinence (UT)
and/or overactive bladder (OAB).

30 (6316 For exarople, a patient suffering froma Ul or OAB may place the glabrous
surface of their foot over an insole, foot rest or oot 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
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without an apphicator or separate from an applicator. The electrode may be attached to or
held in contact with the glabrous surface with an adhesive or as a cutaneous patch,
{0311 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
S stimulation sile to ensure that afferent nerve stimulation cecurs. A ground electrode may
be placed on the body as well. Une or more sensing electrodes may be placed along the
path of the nerve conduction or motor or sensory imapulse. Stimoulator and/or sensing
clectrodes may be connected or coupled to a pulse generator. The pulse generator and
clectrodes may be incorporated or integrated inte an insole, foot plate or other applicator.
13 Aliematively, the clectrodes may be connected or coupled to a pulse generator where the
electrodes are not incorporated ot tegrated fnto the insole, foot plate or apphicator.
6312} Electrical stimmlation via the stimwudator clecirodes may begin at a low
amplitude and may slowly be ramped up or increased until nerve conduction is detected
by the sensor clectrode and/or detected by the patient who may signal that motor
15 conduction has occurred, e.g., by pressing a button or other indicator.
{03134 Once stimulation 18 detected, the electrical pulses or electrical stimulation
may continue for the directed duration of use or therapy. Elecirical stimulation may be
delivered intermittently to provide intermittent therapy. For example, eclectrical
stinulation may be delivered for 15-30 minute miecrvals. In another example, clectrical
20 stivwlation may be dehivered continuously 1o provide continuous therapy.
{0314} A sensor may remain m place for the duration of the electrical stimulation
therapy o ensure that stimulation occurs the entire time or substantially the entire time,
and to aflow for comrection or adjustment if the signal deterorates. A controlier for

operating 4 pulse gencrator ot sensor may be powered by a portable power souree {e.g., 4

25 battery) or a fixed power source {e.g., a traditional wall sutlet).
{6318 fn ceriain variations, the clectrical stimulation may have of a square wave
clectric 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.

30 (8318} The nsole, foot rest, or foot plate may be removed fom the body when

therapeutic stimulation is not being delivered. The msole, foot vest, or foot plate may be

reapplied along with a sensor patch (which may be disposabie) as indicated. For
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exarple, the electrical stimulation therapy my be administered on a daily basis, where
one or more of the above steps are repeated.
{0317) Electrical stmudation may be delivered according to any of the vanations

described herein, 1 a manner such that the stimudation provides motor, sensory andfor
2 M o

L

subthreshhold stinmiation.  Any of the various energy based stinmlation systems
described hevein may be utilized to provide therapy 1o various setfings, €.g., i1 home use
or to provide arobulatory type therapies.
{0318 In certain variations, as described supra, a device, applicator, pad, or
garment e.g., @ gel pad or gel pad clectrode, moay inclide one or more clectrodes, or have
10 one or more electrodes coupled thereto. The device applicator, pad, garment and/or
electrodes may deliver or provide energy, c.g., electrical, magnetic or electromagnetic,
stinulation through or across a glabrous skin surface, e.g., a plantar or palmar skin
surface. Pain receptors may be located deep under glabrous skin surfaces {c.g., located
on the foot or on the pabm) allowing the patient to have a higher tolerance o pain
15 resulting from stimulation of these surfaces, than they might have at another area of their
body. Applying stimulation over these surfaces allows for stimulation 1o be delivered at
a higher frequency or power or at a greater strength or for a longer duration because of
the higher tolerance to pain that a patient exhibits at these surfaces or areas.
{0319} in addition, the device, applicator, pad and/or electrode may include, carry or
20 be coated with one or mwore drugs, agents or therapeutic substances. For example, the
applicator or pad 520 or elecirode 322, as shown in Figure 45, or the applicator or pad
350 or clectrode S52, as shown in Figure 48, may be coated with or otherwise include a
drug or other therapeutic substance. Optionally, one or more clectrodes moay be utilized

without a pad or applicator and the electrodes may have a drug or agent coating on a

o]
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surface of the electrode.  In certain variations, the applicator, pad and/or electrode may
be coated with a pain relief drug, anesthetic or numbing agent. The pain relief drug,
anesthetic or numbing agent may provide the patient with an increased or improved pain
tolerance or may reduce or climinate the sensation of pain, such that the energy, e.g.,
clectrical stimolation, may be applied or delivered at a higher frequency, higher power,
30 greater strength and/or longer duration. The drug or agent may coat a surface of the
applicator, pad and/or electrode such that the drug or agent is located between the
applicator, pad and/or electrode and the glabrous skin surface of the patient when the

applicator, pad or electrode is apphied to the skin, therehy applying the drug to the skin.
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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 drag, agent or active ingredient
tio the paticot.  Auny of the applicators, pads, msoles, gloves, wraps, braces, plates,
platforms, electrodes and/or other cnergy delivery devices deseribed herein for delivering
S stimulation, e.g., through or across a glabrous surface, may be coated with or fnclude a
drug as described above,
{83204 in certatn  variations, stimulation e.g., energy stimulation such as
electrical, magnetic or electromagnetic stimulation, may be provided through a glabrous
skin surface at parameters that overcome or avoid habituation of the targeted tissue to the

10 stnudation.  For example, stimulation may be provided, e.g., contimuously, for 10
mimites, where the stimulation is automatically paused or stopped for about a 30 second
interval every 10 mimutes. This infermiitent pausing or inferruption of stimuolation may
prevent or overcome habituation of the target tissue, e.g., nerve, muscle or other tissue,
to the delivered stiraulation.

15 [832% In one variation, the treatment parameters for stimudating a target nerve or
other tissue through a glabrous skin surface, e.g., a plantar or palmar skin surface, may
mclude the following: Apply elecirical or magnetic stimulation for a duration of 30
minutes, paosing for about a 30 second mterval after 10 mimutes of stimulation and then
again afler ancther 10 minuies of stimulation.  In other variations, the treatment

20 parameters may vary, ¢.g., stimulation may be applied for an interval ranging from (w0
100 minutes ot greater or as necessary to treat symptoms. In certain variations, for
exarple, stimolation may be applied or provided for 20, 40, 50 or 60 mumutes. In
certain variations, for example, the pause in stimulation may be for an interval ranging

from 8 1o 100 seconds, o1 5 to 60 seconds or 20 (o 40 seconds.

o]
L

{8322} In another variation, a sensor {e.g., EMG sensor) may be stihized, which
may detect signs of habitvation, e.g., decreased stimulation or excitation of a target
nerve, muscle or other tissue {or Tack of any resulting stimulation) or a reduced response
to stimudation. Through a feedback loop, detection of habituation or stimulation levels
by the sensor, may avtomatically cause the stimulator to pause or stop delivery of
30 stivwlation to the target nerve or tissuc for a predetermained foterval or duration or until
habituation 18 no longer detected.  In any of the variations described herein, the

stimuidation may be pavsed automatically, mamually or via other controls or via an
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clectrical pulse generator or controlier in a predetermined or presel manner and/or based
on feedback provided by a sensor.
{3323} fn certain vanations, clectrical energy or stinuidation mway be apphed
glabrous skin surfaces through electrodes, e.g., conductive microneedie paiches, needles,
other clectrodes, or by utihizing 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 example, if applied to plantar surfaces,
electrodes 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 gsing
the devices, apphicators and/or electrodes and/or the various methods, therapics and
treatment parameters deseribed herein, e.g., urinary incontinence, overactive bladder,
epilepsy, migraines, and depression, eic,
{83241 iu 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 F-waves or M-waves, ¢.g., in a foot or hand.
For example, detection of an F-wave or F-wave feedback (e.g., via a sensor or electrode
sensor} may be used in monttoring and/or to adjust the apphed stimolation therapy.
Optionally, stiroulation may be ramped up until an F-wave is detected and then adjusted
as necessary. F-wave detoction measures norve conduction velocity. F-wave detection
may be used as opposed to H-retlex detection, which measures reflectory reaction from
muscles. In other variations, optionally both F-wave and Hereflex detection may be used
or solely H-reflex detection may be used. Stimulating to a sub-motor stiraulation may be
performed. In certam variations, F-waves, M-waves and/or H-reflex may be detected in
the foot, hand or other body part.
[3325] Electrical energy may be applied or delivered using any of the devices,
applicators or electrodes described herein at specified frequencies and/or parameters or
using various duty cycles. In one example, elecirical energy way be applied at a
frequency of 5 Hz to 28 Hz {(e.g., to provide supermaximal stimulation) in a train of 5
pulses foliowed by a Ys second break, and then ancther train of 3 pulses. Up to 10 pulses
per freatment oyele may be provided. The tram of 10 pulses can be repeated as needed.
In another example, a train of 10 pulses followed by a break and then another 10 pulses

may applied, e.g., at a frequency of 5 Hz to 20 Hz or at sbout 20 Hz. The Y% second
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break time may be varied as well as the number of puolses applied and the nomber of
cyeles. 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. o
certain variations, any of the treatment parameters as described herein roay be apphied
where only half of the pulses are stimulatory, ¢.g., one or more cycles of pulses may be
provided at 20 Hz, where only half of the pulses are stimulatory.

{0326] Certamn frequencies, e.g., frequencies apphied at greater than 20 Hz, may lead
io a painful condition called tetany (1.e., painful, mvoluntary muscle cramping), which is
an indication that the upper level for frequency has been reached in the patient. Tetany
may be monitored using a sensor, e.g., an EMG sensor or Electromyography, to provide
feedback regarding tetany. Tetany may be distingoished by EMG. Figure 50 shows an
example of an EMG reading showing a gradual increase i the detected level of
stirnulation or clectrical activity, up to a level where tetany is likely experienced. Once
the system detects the beginning of tetany or provides tetany feedback, the treatroent
frequency or power {of the stimudation delivered by an electrode or device} may be
reduced, adjusted or halted autematically or manuvally. The frequency at which tetany is
experienced roay vary to diffcrent individuals.

18317} In one vartation, a teatment device or applicator for delivering energy, e.g.,
electrical energy, may tnclude a platform with one or more microneedies, microneedle
clectrode, or other electrodes positioned upon the platform. Microncedies may vary in
length to penetrate different layers of the skin, ¢.g., to penctrate a callus on the skin. A
patient may place their foot upon the platform to receive treatment. Oplionally, a
separate strap having a feedback/monitoring electrode or clectrode sensor mway be
wrapped over the foot to place or position a feedback/monitoring electrode on the
patient. The strap and feedback electrode or electrode sensor may be coupled o the
platform or be scparate. In another variation, the stimulatory electrode may be
positioned n a shoe, sock ot glove of a patient. In cortain variations, a TENS electrode
or stimulator may be utilized.

{0328] Detection of stimulation, excitation, or conduction using a sensor may
provide miormation fo optimize o adjust the apphied therapy., If vo or reduced
stimuilation, excitation, electrical activity, response, F-waves, and/or EMG is detected
during treatment, this may be indicative of a mis-positioned foot, palm or sther body parnt

refative to the one or more electrodes or the device or applicator,
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{3329} Various conditions may be treated using the devices, applicators and/or
clectrodes and/or the various methods, therapies and treatment parameters for providing
stimmulation as described above, ¢.g., urinary incontingnce, overactive bladder, eptiepsy,
migraines, and depression, ete.

{0338} In certain variations, electrical, electromagnetic, magnetic energy and/or other
encrgy may be utihized to provide stimulation according to any of the systems and/or
methods described above.

183311 Each of the individual variations described and ilfastrated herein has discrete
componenis and features which may be readily separated from or combined with the
features of any of the other variations. Modifications may be made to adapt a particular
situation, material, composition of matter, process, process act{s} or step(s) to the
obicctive(s), spirit or scope of the present invention.

{33324 Methods rocited berein may be carried out in any order of the recited cvenis
which s 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 limt of
that range and any other siated or intervening value in that stated range is encompassed
within the invention. Also, any optional feature of the mventive variations described
may be set forth and claimed independently, or in combination with any one or more of
the features described herein.

{3333 All existing subject matter mentioned herein {e.g., publications, patents,
patent apphications and hardware) is incorporated by reference herein in iis entirety
except insofar as the subject matter may conflict with that of the present invention (in
which case what is present herein shall prevaily. The referenced iferns are provided
solely for their disclosure prior 1o the filing date of the present application. Nothing
herein 1s 1o be construed as an admission that the present invention is not entitled to
antedate such material by virtue of prior invention.

{3334 Reference o a singular itom, inchides the possibility that there are plural of

the same items present. More specifically, as used heremn and m the appended clavs,

&, “an,” “said” and “the” inchide phiral referents unless the context

the singular forms *

clearly dictates otherwise. It is further noted that the claims may be drafted to exclude

A

any optional clement. As such, this statement 18 intended 1o serve as antecedent basis for

use of such exclusive terminology as “solely,” “only” and the hike in connection with the

recitation of claim elements, or use of a “pegative” limitation, Unless defined otherwise,
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all technical and scientific terms used herein have the same meaning as commonly

understond by one of ordinary skill in the art to which this invention belongs.

{3335) This disclosure is not intended to be limited to the scope of the particular

forma set forth, but 1s intended to cover alternatives, modifications, and equivalents of
S5 the variations described herein. Further, the scope of the disclosure fully encompasses

other variations that may become obvious to those skifled in the art in view of this

disclosure. The scope of the present mvention is fimited only by the appended clams.
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{CLAIMS
What 18 claimed is:

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

positioning a stimulatory electrode over a glabrous skin surface overlying a target

delivering electrical stimulation through the glabrous skin surface to the targe
nerve to stimulate the target nerve, wherein the electrical stimuldation is provided by
delivering a cycle comprising a preset number of pulses followed by a pause in
stinlation, followed by a preset number of pulses, and repeating the cyele as necessary;
and

detecting an F-wave via a sensor positioned on the subject, wherein the electrical
stinidation is momitored or adjusted based on the F-wave detection.

2. The method of clatmm 1, further comprising detecting tetany in a patient

which indicates that a threshold frequency of the delivered stimudation has been reached,
wherein the strength of the delivered stirmulation is thereby automatically or manually

decreased.

3. The method of claim 1, wherein positioning compriscs placing a
subject’s foot on a platform having one ot more microncedles, and wherein the sensor 18

coupled to a strap for posttioning the sensor on the foot.

4, The method of claim |, wherein one or more cycles of pulses at S Hz -20

Hz, are delivered to the subject and only half of the pulses are stimulatory.

S. The method of claim 1, wherein the glabrouas skin surface s a palm or

plantar skin surface.

6. A method for providing transdermal electrical stimnolation therapy to a
subject comprising:
positioning a stimulatory electrode over a glabrous skin surface overlying a target

nerve; and
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delivering electrical stimulation through the glabrous skin sarface to the target
nerve to stimulate the target nerve,
7. The method of claim 6, wherein the applicator and/or one or more

electrodes are coated with a pain relief drug

8. The method of claim 6, wherein feedback signals arc provided based on
F-wave detection sach that the electrical stimulation may be monitored or adjusted based

on the F-wave detection.

8. The method of claim 6, wherein once tetany is detected 1o a patient,

mdicating that a threshold frequency of the applied stimuolation has been reached, the

strength of the applied stimulation is automatically or manoally decreased.

1) The method of claim 6, wheremn electrical stimulation is provided by
delivering a cvele comprising a preset nomber of pulses followed by a4 pause in
el pet) ~

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

[

1. The method of claim 6, wherein the electrical stimulation s
automatically paused for a preset amount of time every 10 minutes to overcome

habiiuation.

12. The method of claim 6, wherein the electrical stimulation is
automatically paused for a preset amount of time every 10 mimutes based on feedback

provided by a sensor regarding target nevve stimulation or habituation.

13, The method of claim 6, wherein the electrical stimulation is delivered at a
frequency of about 5§ He to about 60 Hz, wihile remaining safe and tolerable to the

sabject,

14, The method of claim &, wherein the stimulator electrode is positioned

over a palm or plantar skin surface.
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15. The method of claim 6, wherein the stimulator electrode s posttioned
L { Ce

over a glabrous skin surface overlying a plantar nerve of the foot and the electrical
stirnulation stimulates the plantar nerve,

16. The method of claim 15, wherein stimulation of the plantar nerve resolts
in stimulation of the tibial nerve {o treat wrinary incontinence or overactive bladder,

17. The method of claim 6, wherein the stimulator electrode 18 a surface
clectrode or microneedle elecirode.
10

18. The method of claim 6, further comprising implanting ov injecting a
nerve,

conductive substance near the target nerve to improve electrical conductivity to the target

1%, The method of ¢laim 6, wherein the ¢l
mtermitiently or on a chronic basis.

ars

WA

trical stimulation is debivered

20, The method of claim 6, further comprising

detecting nerve stimulation via at least one sensor positioned on the subject;
20

receiving a signal from the sensor indicative of the detected electrical stimulation
therchy providing feedback about the efficacy of the apphed clectrical stimulation
therapy such that the therapy may be adjusted or optimized,

2i. The method of claim 20, wherein the feedback loop is queried such that
the electrical stimulation therapy may be adjusted to ensure that the minimum amount of
25 energy s being apphied to stmulate the target nerve while reducing the risk of bums or
mtolerance.
30

22. The method of claim 20, whercin the feedback loop is queried such that
the positioning of the stimulator electrode may be adiusted to optimize the electrical
stirmidation therapy.

23, The metheod of claim 20, wherein the sensor 18 selected fom the group
consisting of a surface electrode, microncedle electrode, or motion sensor.
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24. The method of claim 20, wherein afferent nerve stimulation is detected.

25. The method of claim 6, further comprising positioning a ground electrode
on the subject to facilitate penetration of an electrical current through the glabrous

S surface to stimulate the target nerve.

26. The method of claim 6, wherein the stimulator electrode is attached to the

glabrous skin surface with an adhesive.

10 27. The method of claim 6, wherem the stimulator clecirode is positioned

aover the glabrous skin surface with an ergonomic apphicator.
g g

28. The method of claim 27, wherein the apphcator is an nsole configured to
be positioned agaiust the plantar surface of the foot such that the clectrode may deliver

15 electrical stimulation to a target nerve within the foot.

28. The method of claime 28, wherein the nsole iz configured to be positioned
n an orthotic or a shoe such that electrical stimulation may be delivered to the subject

while the subject 1s walking.

30, The method of claim 27, wheretn the applicator is a foot plate or foot rest.

31. The method of claim 27, wherein the applicator is a glove or brace
configured to be positioned against the palmar surface of a hand such that the clectrode

25 may dehiver electrical stimonlation to 8 target nerve within the hand.

o

32. A system for providing transdermal electrical stimulation therapy to a
sabject comprising:
an ergonomic apphicator having cne or more stimulator electrodes, wherein the
30 applicator is configured to position the stimulator clecirode over a glabrous skin surface
of the subject to dehver transdermal electrical stimulation through the glabrous skan
surface to an underlying target nerve to stimuldate the target nerve, wherein the apphcator

is configured to provide electrical stimulation by delivering a cycle comprising a preset

&4
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number of pulses followed by a paose in stimulation, followed by a preset number of

pulses, and repeating the cycle as necessary; and
a sensor configured for F-wave detection, wherein the sensor provides feedback

signals based on F-wave detection such that the electrical stinnudation may be monitored

S or adjusted.
33, The systomn of ¢laim 32, wherein a sensor is configured to detect
tetany n a patient which mdicates that a thresheld frequency of the delivered stimulation

has been reached such that the strength of the delivered stimulation is automatically or

13 magually decreased.
34. The system of claim 32, wherein the applicator is a platfonm having one
or more microneedles on which a subject’s foot may be positioned, and further

for positioning the sensor on the foot.

comprising a strap {os

35. The system of claim 32, wherein the applicator is configured to provide

one or more cyeles of pulses at 5 Hz - 20 Hz, where only half of the pulses are

stimulatory.

36. The system of ¢laim 32, wherein the glabrous skin surface is a palm or

plantar skin surface.

37. An ergonomic applicator for providing transdermal electrical stimulation

therapy to a subject corprising:
one or more stimulator electrodes, wherein the applicator is configured to

suriace

25
position the stimudator electrode over a glabrous skin surface of the subject to deliver
transdermal electrical stimolation through the glabrous skin surface to an underlying

farget nerve to stimulate the target nerve.

. wherein the applicator and/or one or

38. The apphcator of claim 37

30
more clectrodes are coated with a pain relief drug

39. The apphicator of claim 37, wherein the electrical stimudation s

o0
L
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14

30

automatically paused for a preset amount of time every 10 mimudes to overcome

habituation.
40, The applicator of claims 37, wherein the electrical stimulation is
automatically paused for a preset amount of time every 10 munates based on {eedback

provided by a sensor regarding target nerve stimulation or habituation.

41. The applicator of claim 37, further comprising a sensor configured for F-

wave detection, wherein the sensor provides fecdback signals based on F-wave detection

such that the clectrical stimulation may be monitored or adjusted.

42. The applicator of claim 37, further comprising a sensor configared to
detect tetany in a paticnt, ndicating that a threshold frequency of the applied stimulation
has been reached, such that the strength of the applied stimulation s automatically or
mamually decreased.

-
7
I

43, The applicator of claima 37, wherein the applicator is configured to
provide electrical stimulation by delivering a cycle comprising a preset nurnber of pulses
followed by a pause in stimulation, followed by a preset nurmber of pulses, and repeating

the cycle as necessary.
44 The applicator of claim 37, wherem the clectrical stimulation is delivered
at a frequency of about 5 Hz to about 60 Hz, while remaining safe and tolerable to the

subject,

45. The applicator of claim 37, further comprising an electrical pulse

generator, wherein the clectrical pulse generator is coupled to the stimulator electrede.
46. The apphicator of claim 45, wherem the elecirical pulse generator is
incorporated into the applicator or focated remotely {rom the applicator or stimulator

elecirode.

47. The applicator of claim 37, further comprising a sensor electrode

86
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configured to detect nerve stimulation and provide feedback about the efficacy of the

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

48, The applicator of claim 47, wherein the sensor 1s configured to detect

5 afferent nerve stimulation.

49, The apphicator of claim 47, wherein the posttioning of the stimulator
clectrode may be adjusted to optimize the electrical stimnidation therapy based on

feedback from the sensor.

10
50. The applicator of claim 37, further comprising a ground clectrode
configured to be positioned on the subject to facilitate penetration of an electrical current
through the glabrous surface to stimulate the target nerve.
15 51, The apphicator of claim 37, wherem the applicator 15 an insole configured

to be positioned against the plantar surface of the foot such that the electrode may deliver
clectrical stimulation to a target nerve within the foot.
52. The apphicator of claim 51, wherein the msele is configured to be
20 positioned in an orthotic or a shoe such that elecirical stimulation may be delivered to the

subject while the subject 1s walking.

53. The applicator of claim 37, wherein the applicator is a foot plate or foot

rest.
25
54. The apphicator of claim 37, wherein the applicator 1s a glove or brace
configured to be positioned against the palmar sorface of a hand such that the electrode
may deliver clectrical stimulation fo a target nerve within the hand.
30 55. A method for providing an energy based stimulation therapy to

a subject comprising:
positioning an energy emitting device in proxamily o a glabrous surface

overlying a target tissue; and

87
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delivering encrgy through the glabrous skin surface to the target tissue to

stirnulate the target tissue.

56. The method of claim 58, wherein the energy is debivered at a frequency of
S about S Hz to 60 Hz, or greater than 30 He, while remaining safe and tolerable to the

subject,

57. The method of claim 55, wherein the delivered energy inchudes one or
more of the fullowing: an electric current, an electromagnetic field, vhrasound, or RF

10 fields.

58. The method of claim 55, wherein the energy based stimulation therapy is
ulifized o treat one or more of the following conditions: overactive bladder, urinary
incontinence, fecal incontinence, chronic pain, depression, migraine, epilepsy, obesity,

15 restless leg syndrome, or {oot drop.

59. The method of claim 55, wherein energy is delivered through the glabrous

skin surface to provide neuromodulation.

20 60. The method of claim 55, wherein the target tissue includes one or more of

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

61. The method of claim 53, further cormnprising implanting or injecting a

conductive substance near the target tissue to tmprove conductivity to the target tissue.

62. A method for treating urinary incontinence or overactive bladder in a
subject comprising:
positioning a stimulator electrode over a glabrous skin surface overlying a plantar
nerve in the foot; and
30 delivering electrical stimulation through the glabrous skin surface to the plantar
nerve to stimulate the plantar nerve which results in stiroufation of the tibial nerves to

treat urinary incontinence or overactive bladder,

63. A method for providing an energy based stiraulation therapy to a subject,

88
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comprising:
positioning an cnergy omitting device in proximity to a skin surface overiying a
target nerve; and
delivering energy at a frequency of about 1 Hz to about 30 Hz through the skin
S surface to the target nerve, thereby generating motor and/or sensory nerve condaction of

the target nerve while remaining safe and tolerable o the subject.

64. The method of claim 63, wherein the energy is delivered at a frequency of

less than 10 Hz,

10
65, The method of claim 63, wherein the delivered energy mcludes one or
more of the following: an electric current, an electromagnetic field, whrasound, or RF
fields.

15 66. The method of claim 63, wherein the energy based stimulation therapy is
utthzed to treat one or more of the following conditions: overactive bladder, urinary
incontinence, fecal incontinence, chronic patn, depression, migraine, epilepsy, obesity,
restless leg syndrome, or foot drop.

20 67. The method of claim 63, wherein the target tissue includes one or more of
the following: a central nerve, peripheral norve, muscle, skin, or vasculature.

25
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